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Meeting of the Strategic Advisory Group of Experts (SAGE) on Immunization 
4-7 April 2022
Virtual Meeting

Final Agenda 

Day 1: Monday, 4 April 2022 

Time Session 
Purpose of session, target outcomes and 
questions for SAGE 

Duration 

10:00 Closed SAGE meeting Preparation of the sessions of the day. 1h 

11:00 Break Break 15 min. 

11:15 Opening and welcome – introduction of 
participants 

Opening of the Plenary by IVB 
Director.

15 min. 

11:30 Global and Regional Reports – Session 1 

Report from the Director of IVB. K. O’BRIEN, 
WHO. 20 min.  

Update from Gavi. M. TUFET, GAVI. 10 min. 

Reports from the Regions – including impact of 
the COVID-19 pandemic and COVID-19 
vaccination on immunization services. WHO. 1h 

Discussion. 1h 

FOR INFORMATION 2h 30 min. 

14:00 Break Break 30 min. 

14:30 IA2030 deep dive: catch-up vaccination – 
Session 2 

Impact of COVID-19 pandemic on 
childhood/adolescent immunization coverage and 
equity. N. MACDONALD and F. OLAYINKA, SAGE 
members. 10 min. 

Country presentation 1. TBC. 10 min. 

Country presentation 2. TBC.  10 min. 

Opportunities and strategies for immunization 
recovery, resiliency building, and strengthening. 
WHO (tbc). 15 min. 

Discussion. 65 min. 

FOR RECOMMENDATION 

This session will discuss the importance and 
need to urgently recover immunization 
programmes, build their resiliency, and 
strengthen for the long term.  

SAGE  will be asked to review and consider for 
endorsement the importance for countries to 
develop and implement strategies to urgently 
bridge immunity gaps, recover immunization 
programmes, and build resiliency against future 
disruptions and health system strains.   

SAGE is also asked to provide input and endorse 
“Guiding Principles for recovering, building 
resiliency, and strengthening of immunization in 
2022 and beyond”.   

1h 50 min. 

16:20 End of the day 
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Day 2: Tuesday 5 April 2022 

Time Session 
Purpose of session, target outcomes and 
questions for SAGE 

Duration 

10:00 Closed SAGE meeting Preparation of the sessions of the day. Recap of 
day 1. Other important discussion items. 

1h 

11:00 Break Break 15 min. 

11:15 Hepatitis A – Session 3 

Introduction of the session, objectives and critical 
questions R. AGGARWAL,  SAGE member and WG 
chair. 5 min. 

Overview on disease, global epidemiology and 
available vaccine products hepatitis A disease.  K. 
MELLOU, SAGE Hepatitis A WG member. 10 min. 

Main outcomes of the systematic review of 
evidence. N. WALSH, J. TORRES, WHO secretariat 
– contractors. 20 min.

Presentation of the GRADE/ ETR tables.  N. 
NELSON. SAGE Hepatitis A WG member. 10 min. 

Question and answers Discussion by SAGE 
members. 25 min. 

Draft recommendations. R. AGGARWAL, SAGE 
member and WG chair. 15 min.
Discussion by SAGE. 30 min.

Wrap up. R. AGGARWAL, SAGE member. 5 min.

FOR RECOMMENDATION 

The purpose of this session is to update the 
SAGE recommendations on the use of hepatitis 
A vaccine (2012 Vaccine position paper). This 
update will be based on : 
- the accrued data on the global prevalence and
burden of disease caused by hepatitis A virus
infection, including outbreaks since 2012.
- the review of latest available data on efficacy,
effectiveness, duration of protection, schedules,
safety, and cost-effectiveness of internationally
available hepatitis A vaccines, considering all
dosing and schedules in particular single dose
schedules of inactivated vaccine.
The outcome will be a 2022 update of the
Hepatitis A vaccine position paper.

2h 

13:15 Break Break 30 min. 

13:45 COVID-19 vaccines – Session 4 

Introduction. H. NOHYNEK, SAGE member. 5 min. 

Vaccine product specific recommendations: 
Cansino  

Company presentation. Cansino. 20 min. 
Questions and answers. 15 min. 

Evidence review. 20 min. 

Presentation of draft recommendations including 
discussion. 30 min. 

Infection and vaccination induced immunity 

Immunological findings. (tbc). 15 min. 

Findings from Mathematical modelling. (tbc). 15
min. 

Discussion. 30 min. 

FOR  RECOMMENDATION 

FOR DISCUSSION 

2h 30 
min. 

16:15 End of the day 
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Day 3: Wednesday 6 April 2022 

Time Session 
Purpose of session, target outcomes 
and questions for SAGE 

Duration 

10:00 Closed SAGE meeting Preparation of the sessions of the day. Recap 
of day 2. Other important discussion items. 

1h 

11:00 Break Break 15 min. 

11:15 Typhoid update – Session 5 

Introduction and framing. K. MULHOLLAND, SAGE 
member. 5 min. 

Updates on global burden and AMR. J. CRUMP, U. 
of Otago. 10 min. 

TCV evidence emerging from TyVAC and other 
studies (incl data on efficacy/effectiveness, 
immunogenicity, safety, co-admin, use in special 

populations). K. NEUZIL, SAGE member. 25 min. 

Discussion. 15 min. 

Update on TCV pipeline and emerging evidence on 
single dose vs. primary + booster doses. M. 
CAREY, U. of Cambridge. 10 min.  

Overview of country demand and uptake, 
operational lessons from early TCV introduction. J. 
WALDORF, WHO. 10 min.  

Discussion. 15 min. 

FOR INFORMATION 

Update on new evidence from prequalified 
typhoid conjugate vaccines (TCVs) and late-
stage vaccine candidates on vaccine efficacy 
and effectiveness, immunogenicity and 
safety; data from special populations; data 
from older age groups; tolerability and non-
interference in immune responses with 
routine EPI vaccines. 

The Secretariat does not expect that the data 
available will support revised TCV policy 

recommendations at this time. However,

SAGE is being requested to make a statement 
in its report on the new evidence from 
prequalified TCVs (particularly on vaccine 
efficacy), to inform country decision making 
for ongoing TCV introductions. 

1h 30 min. 

12:30 Break Break 30 min. 

13:30 HPV – Session 6 

Agenda 

Session introduction and key questions. 
R AGGARWAL. SAGE member and WG chair.5 min. 

Update on progress of HPV vaccine introduction 
and reaching the 2030 target of 90% coverage.  P. 
BLOEM, WHO. 7 min. 

Global market study on HPV vaccines, 2022 
Update. T. CERNUSHI,WHO. 8 min.

Evidence on single-dose HPV vaccine schedules to 
inform decision making on reduced schedules. L. 
MARKOVITZ, SAGE WG member. 10 min  

Systematic review of evidence on HPV vaccine. 
N. HENSCHKE, Cochrane Response. 10 min.

Modelling evidence on the impact of 1-dose 
strategies.  M. BRISSON, Laval University. 10 min. 

Discussion on the evidence. 30 min. 

Conclusions and proposed recommendations by 
SAGE Working Group. R AGGARWAL, SAGE 
member and WG chair. 10 min. 

Discussion on the recommendations. 30 min. 

FOR RECOMMENDATION 

Present SAGE with updated evidence on 

single dose HPV vaccination schedule, and 
modelling of impact of HPV immunization 
schedules and strategies in the context of 
supply constraint. 

SAGE is requested to consider the following 
questions: 
• What is the current HPV vaccine uptake

and what are the main barriers for

access to HPV vaccines?

• What does current evidence show on the

immunogenicity and efficacy of a single

dose of HPV vaccine and different

intervals between the first and second

doses of HPV vaccine? And what are the

risks of bias of these studies?

• What are the potential demand scenarios

and the supply of HPV vaccines (short

and mid-term outlook) and what could

the enhanced HPV vaccine supply

allocation be?

• In light of the above conclusions and

evidence, how should HPV vaccine

introduction be prioritized with respect to

impact and feasibility?

2h 30 min 

16:00 End of the day 
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Time Session 
Purpose of session, target outcomes 
and questions for SAGE 

Duration 

10:00 Closed SAGE meeting Preparation of the sessions of the day. Recap 
of day 3. Other important discussion items. 

1h 

11:00 Break Break 15 min. 

11:15 Polio – Session 7 

Session overview by Ilesh Jani 5 min. 

Update from the Global Polio Eradication 
Initiative. A. O’LEARY, WHO. 10 min. 

Questions: 15 min. 

OPV Cessation Planning. O. MACH, WHO. 10 min. 

Questions: 10 min. 

Update on nOPV2: assessment of safety data and 
initial field efficacy evaluation. G. MACKLIN, A. 
BANDYOPADHYAY, WHO/BMGF. 15 min. 

Questions: 10 min. 

Report from SAGE Polio Working Group including 
remarks on OPV2 use in the 
European Region. I. JANI, SAGE Member. 10 
min. 

Discussion: 20 min. 

FOR RECOMMENDATION 

SAGE will be informed on the current status 

of the polio eradication program and of the 

implementation of the new polio eradication 

strategy. SAGE will be updated on the 

updated safety data, and initial field 

efficacy evaluation of nOPV2.  

SAGE will be asked to review and consider for 

endorsement:   

• WG’s recommendation on initial planning

for OPV cessation

• WG’s recommendation on literature

review on use of OPV2 vaccines

1h 45 min. 

13:00 End of SAGE Plenary meeting 

13:00 Break Break 30 min. 

13:30 Closed SAGE session Meeting wrap up. 2h 

15:30 End of final closed meeting 

Day 4:  Thursday 7 April 2022 



 

SAGE April 2022 meeting 8 

Back to table of contents 

SESSION 1: GLOBAL AND REGIONAL REPORTS 

EXECUTIVE SUMMARY 

1.0 Executive summary: Global and regional reports 

BACKGROUND DOCUMENTS (additional) 

1.1 
21st meeting of the European Technical Advisory Group of 
Experts on Immunization (ETAGE). Nov. 2021 

1.2 
Twelfth meeting of the WHO South-East Asia Regional 
Immunization Technical Advisory Group. Aug. 2021 

1.3 Global Advisory Committee on Vaccine Safety,17 September 2021 

1.4 
Main outcomes of the meeting of the WHO Expert Committee on 
Biological Standardization held from 18 to 22 October 2021 

1.5 
ECBS. Evaluation of the quality, safety and efficacy of messenger 
RNA vaccines for the prevention of infectious diseases: regulatory 
considerations. Oct. 2021 

1.6 
ECBS. Recommendations to assure the quality, safety and efficacy 
of live attenuated yellow fever vaccines. Amendment to Annex 5 
of WHO Technical Report Series, No. 978. Oct. 2021 

BACKGROUND DOCUMENTS (essential) 

- None 



 

SAGE April 2022 meeting 9 

Back to table of contents 

SESSION 2: IA2030 

EXECUTIVE SUMMARY 

2.0 Executive Summary: IA2030 

BACKGROUND DOCUMENTS (essential) 

2.1 
Guiding Principles. Document not yet available at the time of finalisation of the 
Yellow book. It will be shared separately when ready. 

BACKGROUND DOCUMENTS (additional) 

2.2 
Leave no one behind: guidance for planning and implementing 
catch-up vaccination. Geneva: World Health Organization; 2021. 

2.3 
From Double Shock to Double Recovery : Implications and 
Options for Health Financing in the Time of COVID-19. 
Washington DC: World Bank; 2021. 

2.4 

Shet A, Carr K, Danovaro-Holliday MC, Sodha SV, Prosperi C, 
Wunderlich J, Wonodi C, Reynolds H, Mirza I, Gacic-Dobo M, 
O'Brien KL, Lindstrand A. Impact of the SARS-CoV-2 pandemic on 
routine immunisation services: evidence of disruption and 
recovery from 170 countries and territories. The Lancet Global 
Health. 2021: https://doi.org/10.1016/S2214-109X(21)00512-X.  

2.5 

Muhoza, P, Danovaro-Holliday MC, Diallo MS, Murphy P, Sodha 
SV,  Requejo, JH, Wallace, AS. Routine Vaccination Coverage — 
Worldwide, 2020. MMWR - Morbidity & Mortality Weekly 
Report. 2021: 70(43):1495-1500. 

2.6 
Toh ZQ, Russell FM, Garland SM, Mulholland EK, Patton G, 
Licciardi PV. Human Papillomavirus Vaccination After COVID-19. 
JNCI Cancer Spectrum. 2021 Mar 2;5(2): pkab011.  

2.7 
WHO Table on Recommendations for Interrupted or Delayed 
Routine Immunization - Summary of WHO Position Papers 



 

SAGE April 2022 meeting 10 

Back to table of contents 

SESSION 3: HEPATITIS A 

EXECUTIVE SUMMARY 

3.0 Executive Summary: Hepatitis A 

BACKGROUND DOCUMENTS (essential) 

3.1 
Background document for the SAGE April 2022 session on 
Hepatitis A vaccines 

3.2 Annexes: Grade and ETR tables 

BACKGROUND DOCUMENTS (additional) 

3.3 
Hepatitis A childhood and adolescent vaccination: a systematic 
review of the effectiveness, immunogenicity, impact, safety and 
cost effectiveness of pediatric vaccines 



 

 SAGE April 2022 meeting 11 

Back to table of contents 

 

SESSION 4: COVID-19 VACCINES 
 

EXECUTIVE SUMMARY 

4.0 Executive Summary: Covid-19 vaccines 

 

 

BACKGROUND DOCUMENTS (additional) 

4.3 - 

 

 
Please note that due to the rapidly evolving situation, the material for the Covid-19 vaccine 
session will be shared separately at short notice. 
 
  

BACKGROUND DOCUMENTS (essential) 

4.1 - 



 

SAGE April 2022 meeting 12 

Back to table of contents 

SESSION 5: TYPHOID 

EXECUTIVE SUMMARY 

5.0 Executive Summary: Typhoid 

BACKGROUND DOCUMENTS (essential) 

5.1 Background document: Typhoid update

5.2 Appendices

BACKGROUND DOCUMENTS (additional) 

-



 

SAGE April 2022 meeting 13 

Back to table of contents 

SESSION 6: HPV 

EXECUTIVE SUMMARY 

6.0 Executive Summary: HPV 

BACKGROUND DOCUMENTS (essential) 

6.1 
HPV WG Report to SAGE, including Evidence to recommendation 
table as an annex 

BACKGROUND DOCUMENTS (additional) 

6.2 Systematic review of one dose of HPV vaccine 



 

SAGE April 2022 meeting 14 

Back to table of contents 

SESSION 7: POLIO 

EXECUTIVE SUMMARY 

7.0 Executive Summary: Polio 

BACKGROUND DOCUMENTS (essential) 

7.1 Report from polio SAGE WG meeting 

7.2 
Report from the meeting of GACVS sub-committee on nOPV2 
safety  

BACKGROUND DOCUMENTS (additional) 

- - 





Global and Regional Reports 


Purpose of session 
This session is intended to inform SAGE members of the current status of immunization activities at 
both the global and regional level, with an emphasis on progress in the context of the COVID-19 
Pandemic.  Particular attention will be placed on addressing how the Pandemic has impacted routine 
immunization and what efforts are under way to ensure adequate recovery. 


Background description 


The COVID-19 Pandemic continues to evolve and affect national immunization programs as they aim 
to effectively roll-out COVID-19 vaccines and keep their efforts in support of routine immunization 
on track. The impact and challenges vary across countries and regions.  This session will offer the 
opportunity to learn of efforts and progress in each the regions, as well as hearing the perspective of 
Gavi, the Vaccine Alliance.  
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21st meeting of the European Technical 
Advisory Group of Experts on 


Immunization (ETAGE)  
Excerpt of conclusions 


Virtual meeting 


16-18 November 2021
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Introduction 
The 21st meeting of the European Technical Advisory Group of Experts on Immunization 
(ETAGE) took place virtually on 16 –18 November 2021 to review and discuss immunization 
activities and developments in the WHO European Region and provide advice to the WHO 
Regional Office and its Member States. 
The objectives of the meeting were to request advice and guidance from ETAGE on the 
following key topics and issues:  


• resuming and scaling-up routine immunization in the WHO European Region:
identifying the magnitude of the problem and understanding the underlying factors;
issues to be considered while planning the resuming and scaling-up; development of
country action plans and monitoring the implementation performance;


• COVID-19 vaccination issues addressed at the Strategic Advisory Group of Experts on
Immunization (SAGE) October meeting with particular relevance to the WHO
European Region.


Highlights, conclusions and recommendations on COVID-19 additional and booster doses as 
well as coadminstration with seasonal influenza vaccine are summarized below.  


Highlights 


• The primary public health objective of COVID-19 vaccination is to reduce severe disease and


deaths and maintain essential health care services. Therefore, vaccination of vulnerable


populations and health care workers should remain the highest priority.


• Based on the available evidence, an additional dose is needed to enhance immune response
in the following specific cases as these people remain vulnerable even after receiving the
standard number of priming doses.


o Immunocompromised people should receive an additional dose of COVID-19 vaccine
1-3 months after receiving the standard number of priming doses. Currently, there is
no contraindication to receiving any of the WHO Emergency Use Listed (EUL) COVID-
19 vaccines (which are all non-live) for immunocompromised people.


o People 60 years and over who received two doses of inactivated Sinovac-CoronaVac
or Sinopharm-BIBP vaccine should receive a third dose 3-6 months after receiving
the second dose.


Routine testing for antibodies is not recommended prior to or following the administration 
of the additional dose. 


• Emerging evidence demonstrates that:


o vaccine effectiveness against SARS-CoV-2 infection and mild COVID-19 disease
provided by the standard number of primary vaccine doses declines over time while
protection against severe disease and death remains high;


o a booster vaccine dose significantly increases immune responses particularly in older
adults.
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• Considering the current upsurge of COVID-19 cases in the WHO European Region1 and in
light of emerging evidence, ETAGE suggests that countries offering a booster dose should
focus  first  on people aged ≥60 years and other population groups at high risk of severe
COVID-19 disease to minimize increases in severe COVID-19 cases and on healthcare
workers to maximize resilience of and safety in healthcare facilities. ETAGE recommends
that the following criteria be taken into account: local epidemiology of COVID-19, current
and predicted vaccine supply and programmatic capacity.


ETAGE will provide guidance on the provision of a booster dose for the wider adult
population as further evidence become available.


• ETAGE concurs with the SAGE consideration that coadministration of an inactivated
seasonal influenza vaccine and any dose of a COVID-19 vaccine is acceptable.


“Additional” dose 
“Additional” doses of COVID-19 vaccines may be needed as part of an extended primary series 


for target populations in whom typical immune responses following the standard primary series 


are deemed insufficient. The objective of an additional dose in the primary series is to optimize 


or enhance immune responses and thus to increase effectiveness against disease2.  


Available evidence demonstrates that individuals with immunocompromising conditions and 


those receiving immunosuppressive therapy often fail to mount an adequate response to a 


standard primary series of COVID-19 vaccination, while being at higher risk of COVID-19 disease 


progression to severe stages requiring hospitalization, intensive care and also potentially 


leading to death when compared to the general population.3,4 Evidence strongly indicates that 


the risk of serious disease and death increases exponentially with age and older adults are at 


the highest risk of morbidity and mortality due to COVID-195. Emerging evidence demonstrates 


that the effectiveness of inactivated Sinovac-CoronaVac and Sinopharm-BIBP vaccines against 


severe disease and death is lower in older persons than in younger adults.6  


1 Joint ECDC-WHO Regional Office for Europe Weekly COVID-19 Surveillance Bulletin, 2021 


(https://worldhealthorg.shinyapps.io/euro-covid19/) 


2 Interim statement on booster doses for COVID-19 vaccination, update 4 October 2021. Geneva: WHO; 20212021 
(https://www.who.int/news/item/04-10-2021-interim-statement-on-booster-doses-for-covid-19-vaccination). 
Accessed 18 November 2021. 
3 Treskova-Schwarzbach M at al. Pre-existing health conditions and severe COVID-19 outcomes: an umbrella 


review approach and meta-analysis of global evidence. BMC Medicine. 2021;19(212). Doi: 10.1186/s12916-021-


02058-6. 
4 Belsky JA et al. COVID-19 in immunocompromised patients: A systematic review of cancer, hematopoietic and 
sold organ transplant patients. Journal of Infection. 2021;82(3):329-338. Doi: 10.1016/j.jinf.2021.01.022 
5Dessie ZG et al. Mortality-related risk factors of COVID-19: a systematic review and meta-analysis of 42 studies 
and 423,117 patients. BMC Infectious Diseases. 2021; 21:855. Doi: 10.1186/s12879-021-06536-3. 
6 Post-introduction vaccine effectiveness studies are not yet available for the inactivated Bharat Biotech BBV152 
COVAXIN® vaccine against COVID-19, which was granted WHO Emergency Use Listing on 3 November 2021. 
https://www.who.int/publications/i/item/WHO-2019-nCoV-vaccines-SAGE-recommendation-bbv152-covaxin 
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Expanded primary vaccination series for immunocompromised individuals 


ETAGE notes: 


• A rapid literature review conducted for the Strategic Advisory Group of Experts (SAGE) 


Working Group on COVID-19 Vaccines7 suggests that immunocompromised persons often 


fail to mount an adequate response to a primary series of COVID-19 vaccination. Multiple 


studies have demonstrated lower mean antibody responses and lower effectiveness against 


symptomatic and severe disease in immunocompromised persons in comparison to people 


without immunocompromising conditions. According to observational studies conducted in 


Israel8 and the United States9 , ≥40% of breakthrough COVID-19 cases were observed in 


vaccinated immunocompromised people, who comprise only a small fraction of the total 


population. 


• Evidence suggests that an additional dose has a reactogenicity profile similar to that of 


previous doses and increases immune responses in most immunocompromised persons 


who have received a primary vaccination series, including induction of immune responses in 


25-50% of immunocompromised individuals who failed to respond immunologically to the 


standard primary vaccination series10. 


• The benefit of an additional dose in an extended primary series administered to 


immunocompromised people has largely been assessed using the same vaccine product for 


the initial dose(s) and the additional dose. Evolving evidence in non-immunocompromised 


people suggests that using a different vaccine (a heterologous series) may sometimes be 


more immunogenic than a homologous series. Although these heterologous schedules have 


not been specifically tested in immunocompromised populations, it seems reasonable to 


expect similar effects in terms of immune responses. 


• Some countries in the WHO European Region have policies in place which outline 


immunocompromising conditions or immunosuppressive therapy as contraindications to 


COVID-19 vaccination, leaving immunocompromised persons unprotected against COVID-


19. Currently there is no contraindication to receiving any of the WHO Emergency Use 


Listed (EUL) COVID-19 vaccines (which are all non-live) for people with any of these 


conditions. On the contrary, immunocompromised people are at significantly higher risk of 


severe COVID-19 outcomes and should be a priority target group for vaccination.  


 
7 Strategic Advisory Group of Experts on Immunization. Virtual meeting, 4-8 October 2021. Background documents. 
Geneva: WHO, 2021 (https://www.who.int/news-room/events/detail/2021/10/04/default-
calendar/sage_meeting_october_2021). Accessed 18 November 2021. 
8 Brosh-Nissimov T at al. BNT162b2 vaccine breakthrough: clinical characteristics of 152 fully vaccinated 
hospitalized COVID-19 patients in Israel. Clinical Microbiology and Infection. 2021;27(11):1652-1657. 
Doi:10.1016/j.cmi.2021.06.036. 
9 Tenforde MW at al. Effectiveness of SARS-CoV-2 mRNA vaccines for preventing Covid-19 hospitalizations in the 
United States. Clinical Infectious Diseases. 2021;6ciab:687 Doi: 10.1093/cid/ciab687. 
10 Hall VG et al. Randomized trial of a third dose of mRNA-1273 vaccine in transplant recipients. The New England 
Journal of Medicine. 2021;385:1244-1246. Doi: 10.1056/NEJMc2111462. 
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ETAGE recommendations: 


• In the light of available evidence, ETAGE concurs with SAGE recommendations11 that: 


o the primary vaccination series of all COVID-19 vaccines in moderately and 


severely immunocompromised persons should be extended to include an 


additional dose 1-3 months after the last dose in the primary series; 


o using a homologous series (same vaccine product for the initial dose(s) and the 


additional dose) should currently be considered a standard practice, but an 


alternative heterologous series (using a vaccine product from a different 


platform) for the additional dose may also be considered.  


• Countries may use the case definition suggested by SAGE12 to identify moderately and 


severely immunocompromised persons (active cancer, transplants recipients, 


immunodeficiency, treatment with immunosuppressives, people living with HIV with a 


current CD4 cell count of <200 cell//µl, evidence of an opportunistic infection, not on 


HIV treatment, and/or with a detectable viral load (i.e., advanced HIV disease)) or 


consider developing their own case definitions.   


• ETAGE re-emphasizes that vaccination of immunocompromised persons, who are at 


high risk of developing severe COVID-19 outcomes, should be prioritized in all countries. 


Immunocompromising conditions and immunosuppressive therapy are not 


contraindications to vaccination. On the contrary, vaccination should be offered to 


immunocompromised persons as soon as possible13. 


• Routine testing for antibodies is not recommended prior to or following the 


administration of the additional dose. 


Additional primary dose for older adults who received two doses of inactivated COVID-19 


vaccines  


ETAGE notes: 


• 18 countries of the WHO European Region have reported using inactivated Sinovac-


CoronaVac and/or Sinopharm-BIBP vaccines in their national COVID-19 vaccination 


programmes.  


Evidence to support the need for an additional dose: 


 
11 Interim recommendations for an extended primary series with an additional vaccine dose for COVID-19 
vaccination in immunocompromised persons. Geneva: WHO, 2021 
(https://www.who.int/publications/i/item/WHO-2019-nCoV-vaccines-SAGE_recommendation-
immunocompromised-persons). Accessed 18 November 2021. 
12 Interim recommendations for an extended primary series with an additional vaccine dose for COVID-19 
vaccination in immunocompromised persons. Geneva: WHO, 2021 
(https://www.who.int/publications/i/item/WHO-2019-nCoV-vaccines-SAGE_recommendation-
immunocompromised-persons). Accessed 18 November 2021. 
13 Strategic Advisory Group of Experts. COVID-19 vaccines product specific recommendations. Geneva: WHO, 2021 
(https://www.who.int/groups/strategic-advisory-group-of-experts-on-immunization/covid-19-materials). Accessed 
18 November 2021. 
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• Some published studies, not yet peer-reviewed, report that effectiveness of inactivated 


Sinovac-CoronaVac and Sinopharm-BIBP vaccines against severe disease and death was 


lower in older persons than in younger adults. Furthermore, immune responses 


generated following a complete vaccination series were lower in persons above 60 years 


of age in whom seropositivity declined more rapidly than in younger persons14,15.   


• Administration of an additional dose of inactivated Sinovac-CoronaVac or Sinopharm-


BIBP vaccine to older adults 3-6 months after the second dose generates peak antibody 


titers that are higher than the titers generated after the second dose. Unpublished data 


from Chile showed an increase in vaccine effectiveness in older persons after a third 


dose was administered.  


• Emerging evidence suggests that a heterologous series (using a vaccine product from a 


different platform for the additional dose) is well tolerated and may be more 


immunogenic than a homologous series. However, data on safety and effectiveness of 


heterologous doses are currently limited.   


ETAGE recommendations: 


• Based on available evidence, ETAGE concurs with the SAGE recommendation that 


individuals aged 60 years and above who received two doses of inactivated COVID-19 


vaccines Sinovac-CoronaVac or Sinopharm-BIBP should be offered an additional (third) 


primary dose 3-6 months after the second dose to enhance vaccine-induced protection. 


The same vaccine product as for the first two doses (homologous doses) should be used 


for the third dose. Heterologous series (a COVID-19 vaccine from another vaccine 


platform such as mRNA or viral-vector vaccines) can be used for the additional dose if 


the vaccine used for primary vaccination is not available.  


• Countries should consider the following criteria when deciding on the introduction of a 


third dose for older adults who have received two doses of inactivated Sinovac-


CoronaVac or Sinopharm-BIBP vaccine:  


o COVID-19 vaccine coverage: countries should continue to focus on vaccinating and 


completing the standard dose series in the entire older population group.  


COVID-19 vaccine supply: countries should ensure that the available vaccine stock 


and predicted vaccine supply are sufficient to reach high vaccination coverage in 


priority population groups as well as to offer the third dose to older adults who have 


received two doses of inactivated Sinovac-CoronaVac or Sinopharm-BIBP vaccine.  


 
14 Interim recommendations for use of inactivated COVID-19 vaccine, CoronaVac, developed by Sinovac., Geneva: 
WHO, 2021 (https://www.who.int/publications/i/item/WHO-2019-nCoV-vaccines-SAGE_recommendation-
Sinovac-CoronaVac-2021.1). Accessed 18 November 2021. 
15 Interim recommendations for use of inactivated COVID-19 vaccine BIBP developed by China National Biotec 
Group (CNBG), Sinopharm. Geneva: WHO, 2021 (https://www.who.int/publications/i/item/WHO-2019-nCoV-
vaccines-SAGE-recommendation-bbv152-covaxin). Accessed 18 November 2021. 
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• Any dose of COVID-19 vaccines, when offered, should be recorded in COVID-19 


vaccination certificates to document the updated vaccination status of the individual for 


the continuity of care.   


“Booster” dose 
WHO has defined “booster” doses of COVID-19 vaccines as doses administered to a vaccinated 


population that has completed the primary vaccination series when, with time, the immunity 


and clinical protection have fallen below a rate deemed sufficient in that population. The 


objective of a booster dose is to restore vaccine effectiveness that is no longer sufficient to 


provide adequate protection to the recipient1.  


ETAGE notes: 


Effectiveness of primary series 


• Available evolving evidence from the studies with severe COVID-19 disease as endpoints 


suggest that protection against hospitalization and death from the primary vaccination 


series of currently available vaccines remains sufficiently high for at least 6 months for 


most individuals, although the degree of protection varies by vaccine type, age-groups, 


and setting (including different circulating variants of concern (VOCs). 


• Emerging evidence indicates that the initial vaccine effectiveness achieved after 


completion of a primary vaccination course for some COVID-19 vaccines against SARS-


CoV-2 infection and mild COVID-19 declines over a period of several months. 


Immune response from, protection by and safety of booster doses 


• Clinical trials have demonstrated that booster vaccines increase immune responses. 


• Observational studies from Chili and Israel suggest high relative protection in individuals 


receiving a Pfizer booster dose. When comparing the effectiveness of the third vaccine 


dose to two vaccine doses, the reduction of risk of severe outcomes was particularly 


high in older adults and people with underlying medical conditions16. 


• Identified research gaps include systematic collection of real-world safety and 


effectiveness data for more vaccines, optimal timing of boosting, and better 


understanding of vaccine effectiveness against variants of concern. 


• Clinical trial data generally support the safety of booster doses: rates of local or systemic 


adverse events after a booster dose being similar to those following the last dose of a 


primary vaccination course. No serious adverse events considered related to vaccines 


were reported for booster doses. However, not all vaccines have a controlled or 


systematic analysis of post-authorization safety data and the risk of serious adverse 


events after a COVID-19 vaccine booster dose are therefore not yet well understood.  


 
16 Barda N et al. Effectiveness of a third dose of the BNT162b2 mRNA COVID-19 vaccine for preventing severe 
outcomes in Israel: an observational study. Lancet. 2021; online publication. Doi:10.1016/S0140-6736(21)02249-2 
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WHO interim statement on booster doses 17 


• WHO is working closely with countries and researchers to gather sufficient evidence to
assess how well vaccine-induced protection is sustained over time and the optimal timing
for a booster dose for the wider adult population.


• The focus remains on urgently increasing vaccination coverage with the primary series


driven by the objective to protect against severe disease.


• Offering a booster dose broadly to lower-risk population groups may divert limited


resources and supply from vaccinating vulnerable populations.


Use of booster doses in the WHO European Region 


• Since August 2021, 42 countries of the WHO European Region have introduced booster


doses: 36 countries offer booster doses for priority target groups and 6 countries offer


boosters to all adults who received a complete primary vaccination series18,19. Most


countries offer booster doses regardless of vaccine product used for the primary series,


while some countries recommend booster doses only for specific vaccines. The priority


population groups for booster vaccination vary between countries.


ETAGE recommendations: 


• The primary public health objective of COVID-19 vaccination programmes in every


country should remain to reduce severe disease and deaths and to maintain essential


health care services. Therefore, primary vaccination of vulnerable populations (i.e.,


people with co-morbidities and health conditions, socio-demographic groups who are at


significantly higher risk of severe COVID-19 diseases and adverse outcomes, and close


contacts of immunocompromised people) and health care workers should remain a


priority.


• All countries should undertake efforts to increase coverage with a primary COVID-19


vaccination series and strive to reach global (70% of total population) and regional (80%


of adult population) targets by mid-2022.


• All countries should make adequate efforts using all available tools at hand to identify


areas or population groups with low vaccination uptake, understand the reasons for low


coverage, population demand and acceptance of the vaccines, including potential access


barriers, in these areas or population groups and tailor strategies to address them.


• Countries that do not collect disaggregated coverage data should undertake urgent


efforts to update their immunization information systems to obtain vaccination


coverage data for each of the priority population groups.


17 Interim statement on COVID-19 vaccine booster doses (who.int) 
18 WHO/UNICEF Joint Reporting Forms. 2021; unpublished.  
19 WHO Regional Office for Europe Weekly Media Monitoring. 2021; unpublished. 
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• In the context of declining protections against SARS-CoV-2 infection and threat of


COVID-19 resurgence, ETAGE suggests that countries offering a booster dose should


focus first on:


o the following high risk population groups to minimize increases in severe COVID-


19 cases:


▪ residents and staff of long-term care settings;
▪ people aged ≥60 years - starting with the oldest individuals and


progressing to younger age categories;
▪ adults <60 years with underlying medical conditions that put them at


significantly higher risk of severe COVID-19 outcomes;
▪ adults who are in close contact with moderately and severely


immunocompromised persons;


o and health workers, to maximize resilience of and safety in healthcare facilities.


• The countries should consider the following criteria while making a decision on
introduction of a booster dose:


o epidemiology of COVID-19
o coverage with primary vaccine doses in in priority population groups
o current and predicted vaccine supply
o programmatic capacity.


ETAGE, along with SAGE, will continue to monitor and review emerging evidence to provide 


further advice on a booster dose for the wider adult population.    


Co-administration of COVID-19 and influenza vaccines 
ETAGE notes: 


• Limited evidence suggests that coadministration of COVID-19 vaccines with inactivated


influenza vaccine is acceptable both in terms of safety and of immunogenicity20.


• Administration of COVID-19 and influenza vaccines during the same visit would reduce


the number of health care visits needed and will allow for more programmatic ease and


potentially increase uptake of both vaccines.


ETAGE recommendations: 


• ETAGE concurs with the SAGE consideration that coadministration of an inactivated


seasonal influenza vaccine and any dose of a COVID-19 vaccine is acceptable despite


20 Coadministration of seasonal inactivated influenza and COVOD-19 vaccines. Interim guidance. Geneva: WHO, 
2021 (https://www.who.int/publications/i/item/WHO-2019-nCoV-vaccines-SAGE_recommendation-
coadministration-influenza-vaccines). Accessed 18 November 2021.  
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limited available evidence, given that the known risk of serious illness of those infected 


with influenza virus or SARS-CoV-2 is substantial19.  


• ETAGE recommends that countries implement pharmacovigilance monitoring of


coadministration of the two vaccines and report data on any safety events to WHO.
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1 Introduction


The 12th meeting of the World Health Organization’s (WHO’s) South-East Asia 
Regional Immunization Technical Advisory Group (SEAR-ITAG) was held from 
9 to 11 August 2021. Due to the COVID-19 pandemic, the SEAR-ITAG meeting 
(referred to hereafter as the ITAG) was conducted online as a virtual meeting. 
The ITAG is a regional technical expert group, established by WHO’s Regional 
Director for South-East Asia to provide advice on all aspects of immunization, 
vaccines and the prevention, control, elimination and eradication of vaccine-
preventable diseases (VPDs). It comprises experts from such disciplines as 
programme management, communicable disease and VPD control, virology, 
epidemiology, immunization and behavioural sciences. The managers of the 
national Expanded Programme on Immunization (EPI), national surveillance 
focal points, representatives of national immunization technical advisory groups 
(NITAGs) and partner agencies participate in the ITAG’s annual meeting.


The terms of reference of the ITAG are as follows. 


¤ Review regional and Member States’ policies, strategies and plans for the 
control, elimination and/or eradication of VPDs, in particular, the eradication 
of polio, elimination of measles, control of rubella and congenital rubella 
syndrome (CRS), elimination of maternal and neonatal tetanus, and 
acceleration of the control of Japanese encephalitis (JE) and hepatitis B.


¤ Provide guidance on the setting of regional priorities for immunization 
and vaccines.


¤ Make recommendations on the framework for the development of 
national immunization policies, as well as the operational aspects of 
the implementation of these policies; and provide a framework for 
and approaches to periodic evaluation and strengthening of routine 
immunization (RI) services and systems.


¤ Advise Member States on appropriate choices of new vaccines, recommend 
optimal strategies, and provide technical guidance on the introduction of 
these vaccines, and on the monitoring and evaluation of the impact of new 
vaccines once they are introduced into national immunization programmes 
(NIPs). 
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¤ Promote and provide technical guidance on the implementation of high-
quality VPD surveillance, including high-quality laboratory networks to 
support VPD surveillance.


¤ Advise Member States on the regulatory requirements for ensuring the 
quality and safety of the vaccines used in NIPs. 


¤ Provide guidance on public–private partnerships in immunization and 
vaccines.


¤ Identify research topics in the area of immunization and vaccines and review 
the conduct and results of such research projects.
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2. Objectives of the meeting


In view of the recent COVID-19 pandemic, the objective of the 2021 meeting 
was adjusted to focus on the impact of the pandemic and measures taken to 
revive the performance of immunization and VPD surveillance following the 
pandemic, as well as on the deployment of COVID-19 vaccines in the Region. 
More specifi cally, the ITAG was expected: 


¤ to review the status of performance of national immunization and 
surveillance programmes in relation to the goals and objectives of the 
South-East Asia Regional Vaccine Action Plan 2016–2020 (extended to 2021);


¤ to assess the progress in deployment of COVID-19 vaccines in countries 
of the South-East Asia Region, identify challenges/gaps as well as actions 
taken to address them;


¤ to seek guidance on the Strategic Framework of the Regional Vaccine Action 
Plan 2022–2030 and its implementation plan 2022–2026;


¤ to review the status of implementation of the recommendations of the 
11th ITAG meeting conducted in July 2020 and the special session of ITAG 
conducted in November 2020.
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3. Organization of the meeting 


The 12th ITAG meeting was conducted virtually using an online meeting platform. 
The meeting lasted for a period of three days. The deliberations were focused 
on the following four areas of work (see Annexure 2 for the programme): 


1. review of the impact of COVID-19 on immunization and VPD surveillance 
in the Region and actions taken to resume immunization and surveillance 
services; 


2. measles and rubella elimination in the Region – the impact of the pandemic 
and actions to mitigate the associated risks;


3. the progress in deployment of COVID-19 vaccines in the Region and actions 
being taken to identify and overcome the challenges;


4. looking beyond 2021 – Strategic Framework for a Regional Vaccine Action 
Plan (RVAP) for South-East Asia 2022–2030.


The meeting began with an opening address by Dr Poonam Khetrapal Singh, 
WHO Regional Director for South-East Asia (see Annexure 1).


The meeting was chaired by Professor Gagandeep Kang and attended by ITAG 
members. The other participants of the meeting included: 


¤ chairs of the NITAGs;


¤ national focal points for immunization and VPD surveillance of the ministries 
of health (MoHs), members of WHO and the United Nations Children’s Fund 
(UNICEF) from countries of the Region;


¤ chair of the Strategic Advisory Group of Experts (SAGE) on Immunization 
and its members from countries of the Region;


¤ chairs of regional certifi cation/verifi cation bodies for polio eradication and 
measles elimination; 


¤ representatives from the headquarters and regional offi  ces of WHO and 
UNICEF;


¤ Gavi representatives;


¤ vaccine manufacturers and regulators.


(See Annexure 3 for the list of participants.)
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The deliberations during the meeting focused on the reports submitted by the 
NITAGs on the performance of the programme in the countries and contributed 
to the conclusions and recommendations of the advisory group. 


Methodology for the review of NITAG reports 
on the impact of the COVID-19 pandemic on 
programme performance


¤ A country-tailored template was prepared for reporting on the impact of 
COVID-19 on immunization and VPD surveillance as well as actions taken 
by countries to improve/maintain high immunization coverage as well as 
VPD surveillance. The template also included reporting on the progress 
in and challenges to COVID-19 vaccine roll-out and scale up in countries. 


¤ The template was pre-populated with data available with the WHO Regional 
Offi  ce and shared with all NITAGs in the Region eight weeks prior to the 
ITAG meeting.


¤ Nine NITAGs (except the Democratic People’s Republic of Korea [DPR Korea] 
and Myanmar) submitted reports, based on the template mentioned above, 
to the ITAG (through the Regional Offi  ce) prior to the meeting. 


¤ Two ITAG members were assigned the task of reviewing one country’s 
NITAG report. The ITAG members were provided with a checklist to guide 
the review of the reports. 


The meeting proceeded as follows.


¤ The NITAG reports were provided to all ITAG members through a shared 
drive.  


¤ The NITAG representatives presented a summary of their respective country 
reports through a brief intervention. 


¤ The ITAG members and partners provided comments on the progress reports 
through interventions and the chat function in the online meeting platform.


¤ Country-specifi c discussions were conducted during the closed-door session 
of the ITAG and recommendations made accordingly.
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4. Overview of immunization 
in the Region


The immunization programme in the Region is guided by the eight goals of the 
RVAP 2016–2020 (extended to 2021). These eight goals are as follows:


1. Strengthening RI systems and services 


2. Eliminating measles and controlling rubella/CRS (revised in 2019 to “measles 
and rubella elimination”)


3. Maintaining a polio-free status 


4. Sustaining the elimination of maternal and neonatal tetanus 


5. Accelerating the control of JE 


6. Accelerating the control of hepatitis B 


7. Accelerating the introduction of new vaccines and related technologies 


8. Ensuring access to high-quality vaccines. 
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5. Impact of the COVID-19 
pandemic on immunization 
and VPD surveillance 


As of end-2019/early 2020, the Region had made extensive progress in 
achieving the goals of the RVAP. The overall coverage of immunization with 
three doses of the DTP vaccine (DTP3) increased from 83% in 2010 to 91% in 
2019. However, following the COVID-19 pandemic in 2020, DTP3 immunization 
coverage declined to 85%. The number of un- and undervaccinated children in 
the Region increased to 4.9 million in 2020 compared with 3 million in 2019. The 
unvaccinated children (also referred to as zero-dose children) increased to 4.1 
million in 2020 compared with 2 million in 2019. Seven countries of the Region 
experienced a decline in the DTP3 coverage during 2020 compared with 2019 
coverage levels. These countries are Bhutan, India, Indonesia, Myanmar, Nepal, 
Sri Lanka and Timor-Leste. Coverage estimates for Thailand for 2020 were not 
available at the time of the meeting. As a result of this decline, fi ve countries 
reported a DTP3 coverage of below 90% in 2020. These countries were India, 
Indonesia, Myanmar, Nepal and Timor-Leste. 


Immunization coverage declined for other antigens as well (inactivated poliovirus 
vaccine, measles- and rubella-containing vaccines), leading to widening of 
immunization gaps for several VPDs in the Region. 


Surveillance for VPDs also declined in several countries of the Region during 
2020 compared with 2019. This resulted in a decrease in the sensitivity for 
detecting polio, measles, rubella and other VPDs. The overall non-measles non-
rubella discard rate, an indicator of the sensitivity of surveillance for measles 
and rubella, declined from 1.66 per 100 000 population in 2019 to 0.98 in 2020, 
with six countries in the Region having a rate below the minimum targeted rate 
of 2 per 100 000 population in 2020.  
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Fig. 2. Immunization gaps for various antigens in the South-East Asia Region 
– 2020


Fig. 3. Non-measles and non-rubella discarded cases reported in the South-
East Asia Region, 2019, 2020 and 2021 (qtr 1 and 2)
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result of the decline in the immunization coverage and surveillance sensitivity in 
2020, several achievements of the Region were put to risk due to the COVID-19 
pandemic. These include regional achievements, including polio elimination and 
maternal and neonatal tetanus elimination status, as well as country-specific 
achievements that include measles elimination in five countries (Bhutan, DPR 
Korea, Maldives, Sri Lanka, Timor-Leste), rubella elimination in two countries 
(Maldives and Sri Lanka) and hepatitis B control in four countries of the Region 
(Bangladesh, Bhutan, Nepal and Thailand). 


Actions taken in countries to resume routine immunization 
and improve surveillance


National guidelines on immunization/VPD surveillance were developed by 
most countries of the Region in 2020. These guidelines were updated in 2021 
based on lessons learnt from 2020. The key elements of the guidelines include 
alternative strategies and innovations for conducting fixed and outreach sessions 
during high transmission of COVID-19, catch-up vaccination of missed children, 
adolescents and pregnant women, infection prevention and control (IPC) 
measures during immunization sessions, communication strategies and tools, 
and guidance on conducting VPD surveillance during COVID-19 transmission. 


By quarter 3 of 2020, immunization activities had been resumed and are currently 
functioning in all countries. All countries are now holding fixed sessions. However, 
the status of outreach sessions varies across countries and across subnational areas 
of large countries. WHO’s field staff in Bangladesh, India and Nepal are engaged 
in monitoring of RI sessions with a focus on observing availability of vaccines and 
other logistics as well as the implementation of COVID-19-appropriate behaviour. 
The monitors were also tasked with identifying reasons for missing vaccination 
through community visits and providing feedback to the local health authorities 
so that action could be taken by them to improve coverage.


Supplementary immunization activities


The COVID-19 pandemic affected mass vaccination campaigns for polio and 
measles–rubella (MR) in the Region in 2020. However, efforts were made in 
2021 to resume these campaigns. India successfully conducted two subnational 
campaigns with bivalent oral polio vaccine (bOPV) in 2020 during which more 
than 65 million children aged 0–5 years were vaccinated. This was followed by 
one nationwide and one subnational polio campaign in 2021 to vaccinate more 
than 191 million children in the country. A polio campaign with inactivated 
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poliovirus vaccine (IPV) was conducted in high-risk districts of Indonesia and 
with bOPV in high-risk municipalities of Timor-Leste, vaccinating 130 000 and 46 
000 children, respectively, as part of efforts to maintain high immunity against 
polio in these countries. 


Bangladesh postponed the planned mass campaign with measles–rubella (MR) 
vaccine in 2020 but conducted this campaign in 2021 by administering the MR 
vaccine to nearly 36.5 million children aged between 9 months and 9 years. 
Nepal halted an MR vaccination campaign mid-way in April 2020 but resumed 
and completed the campaign two months later, vaccinating more than 2.5 
million children aged 9 months to 5 years. 


Polio transition planning


Activities related to polio transition in five countries where polio is a priority 
(Bangladesh, India, Indonesia, Myanmar and Nepal) are in progress to mitigate 
the risks associated with a decline in and/or a potential interruption of polio 
funding to these countries. The global Transition Independent Monitoring Board 
(TIMB) recognized the South-East Asia (SEA) Region as the most advanced 
in polio transition, highlighting the strong commitment from the highest 
levels of WHO and MoHs, the full integration of polio activities with overall 
immunization and the support provided by the polio/immunization networks 
during emergencies. The TIMB identified the lack of plans for the long-term 
horizon for financial sustainability as a major concern.


National transition plans were available for all five polio-priority countries, even 
though the pace of implementation of these plans had been hindered due to the 
COVID-19 pandemic as well as other in-country factors. Immunization network 
personnel were deployed for the COVID-19 response in all five countries. 


Introduction of new vaccine


 ¤ Rotavirus vaccine was introduced in Myanmar, Nepal and Thailand during 
2020 and 2021. 


 ¤ Myanmar introduced the human papillomavirus (HPV) vaccine in quarter 
4, 2020.


 ¤ Rubella-containing vaccine (RCV) was introduced in DPR Korea in 2020.


 ¤ The use of pneumococcal conjugate (PCV) vaccine was expanded from six 
states to 25 states in India in 2021.
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6. Measles and rubella 
elimination


In September 2019, during the Seventy-second Session of the Regional 
Committee, countries of the Region adopted the goal of measles and rubella 
elimination by 2023. A costed strategic plan was endorsed by Member States. 
The fi ve strategic areas of the plan are immunization, surveillance, laboratory, 
outbreaks and linkages. The Regional Framework for verifi cation of measles and 
rubella elimination has been developed in line with the global framework. It 
describes two essential criteria and fi ve lines of evidence for the verifi cation of 
measles and rubella elimination. Five countries (Bhutan, DPR Korea, Maldives, 
Sri Lanka and Timor-Leste) have achieved and sustained measles elimination, 
while two countries (Maldives and Sri Lanka) have achieved rubella elimination.


All countries of the Region provide two doses of measles-containing vaccine 
(MCV) and at least one dose of rubella-containing vaccine (RCV) under their 
national immunization plans (NIPs). The estimated coverage with the fi rst dose 
of measles-containing vaccine (MCV1) in the Region in 2020 was 88%, compared 
with 94% in 2019 and 63% in 2000. The estimated coverage with the second 
dose of measles-containing vaccine (MCV2) in the Region in 2020 was 78%, 
compared with 83% in 2019 and 3% in 2000. Around 32.7 million children in 
the Region received MCV1 during 2020, 29 million children received MCV2 and 
similarly 32.7 million children received RCV1 through routine immunization (RI) 
programmes. Around 35 million additional children were vaccinated with the 
MR vaccine through mass campaigns during 2020 in Bangladesh and Nepal 
following a brief interruption due to the COVID-19 pandemic.


Laboratory-supported case-based surveillance for fever and rash for measles and 
rubella is functional in all countries of the Region. A Regional Technical Committee 
and a laboratory quality management framework has been established to 
ensure the quality of MR laboratories in the Region. With 49 profi cient network 
laboratories, all countries in the Region have access to a profi cient laboratory 
for measles and rubella diagnostics, which includes immunoglobulin M (IgM) 
serology testing profi ciency of 19 laboratories, serology as well as molecular 
testing (reverse transcriptase-polymerase chain reaction [RT-PCR]) profi ciency 
of 26 laboratories and serology, molecular and sequencing profi ciency of 
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four laboratories The national verifi cation committees for measles and rubella 
elimination are functional in all 11 countries of the Region.


Impact of the COVID-19 pandemic


The COVID-19 pandemic has had a signifi cant impact on the Regional Flagship 
Priority Programme of Measles and Rubella Elimination. The coverage of MCV1 
and MCV2 under RI declined signifi cantly during 2020, compared to 2019 (Fig. 
4), thereby increasing the immunity gap and vulnerability to measles and rubella 
outbreaks. Similarly, surveillance for measles and rubella was aff ected, with a 
decline in the number of suspected MR cases reported following the COVID-19 
pandemic (Fig. 5). Surveillance has been partially aff ected in six countries 
and signifi cantly aff ected in two, mostly due to repurposing and diversion of 
surveillance staff  for the COVID-19 response. 


Fig. 4. Confi rmed measles cases and coverage of MCV1 and MCV2 by year – SEA Region 
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Fig. 5. Confi rmed measles cases by month and by country (2017–2020), SEA Region
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Challenges


There are immunity gaps for measles and rubella in various population groups 
in a few countries due to the suboptimal coverage of MCV and RCV under RI 
programmes.


The sensitivity of surveillance remained below the desired targets in all countries 
in the Region in 2020 mostly because of the COVID-19 pandemic, leading to 
underreporting and underestimation of the exact disease burden in these 
countries.


Laboratory network support, especially for procurement services for diagnostic 
kits, is becoming a challenge. Most countries are still dependent on WHO for 
the procurement of laboratory diagnostic kits for measles and rubella.


Financial insufficiency to accelerate the implementation of activities for 
measles and rubella elimination remains a challenge to achieving the 2023 
target. A study on costing of measles and rubella elimination has estimated 
that reaching the measles and rubella elimination goal by 2023 will entail an 
additional cost of US$ 1.55 billion during 2020–2023. This amounted to an 
estimated expenditure of US$ 0.19 per capita per year above the current levels 
of investment on immunization before the pandemic and will have signifi cantly 
increased following the COVID-19 pandemic.
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7. COVID-19 vaccine 
deployment in the South-
East Asia Region 


There has been signifi cant progress in the roll-out of COVID-19 vaccines across 
the Region. As of 9 August 2021, 10 of the 11 countries in the SEA Region 
(except DPR Korea) had introduced COVID-19 vaccines. Vaccination data are 
being documented and shared through a WHO SEA Region dashboard for 
COVID-19 vaccination, available at: https://www.who.int/southeastasia/health-
topics/immunization/covid-19-vaccination. More than 650 million doses of 
COVID-19 vaccines have been administered in the Region with more than 496 
million individuals having received one dose and nearly 154 million persons 
having been fully vaccinated. 


All countries that have introduced COVID-19 vaccines have prioritized health 
workers, frontline workers and elderly populations for vaccination. Five countries 
have expanded the scope of vaccination to cover all adults. Nearly 24% of 
individuals in the Region have been vaccinated with the fi rst dose and 7.5% with 
both doses of COVID-19 vaccines. Bhutan and Maldives have fully vaccinated 
more than 50% of the total population. Sri Lanka has vaccinated 13.3% with 
two doses, while India, Indonesia, Nepal, Thailand and Timor-Leste have full 
vaccination rates of between 5% and 10% of their total population. 


Planning and coordination


All 10 countries in the Region that have introduced the COVID-19 vaccine have 
established high-level national coordination committees for COVID-19 vaccine 
deployment with subcommittees for key functions. The Vaccine Introduction 
and Readiness Assessment Tool (VIRAT) has been used by countries to monitor 
their progress in preparing for the deployment of COVID-19 vaccines. 


A Regional Operational Framework for COVID-19 vaccine preparedness, 
deployment and use was developed and shared with countries in October 2020. 
Countries used this framework to initiate their planning for COVID-19 vaccines, 
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together with the global WHO National Deployment and Vaccination Plan 
(NDVP) guidance that was released in November 2020. Meetings and workshops 
to support countries in the Region with their COVID-19 vaccine deployment 
were organized by the Regional Office. These included: regional meetings 
with vaccine manufacturers and regulators of COVID-19 vaccines, a meeting 
with national programme managers on cold chain and logistics management 
for COVID-19 vaccine deployment and a special session of the SEAR-ITAG on 
COVID-19 vaccine prioritization and deployment as well as a regional workshop 
on safety surveillance for COVID-19 vaccines.


NDVPs were developed by February 2021 in all 10 countries. In February 2021, 
a multi-stakeholder Regional Review Committee (RRC) was created to review 
the NDVPs and determine if countries were sufficiently prepared to be included 
in the COVID-19 Global Vaccine Access (COVAX) Facility vaccine allocation 
rounds. All countries were recommended by the RRC for allocation of COVID-19 
vaccines in the first round to cover 3% of the population, and only two were not 
recommended for the allocation to cover 20% of the population. 


Emergency-use authorization of COVID-19 vaccines


All countries were able to expedite their regulatory pathways to grant 
emergency-use authorization (EUA) for multiple COVID-19 vaccines. The number 
of vaccines that have received EUA in countries have varied from two to nine 
in individual countries. Nearly 91% of the vaccines used in the Region are from 
manufacturers who currently have received emergency-use listing (EUL) from 
WHO. The SEA Regional Office published procedures, checklists and standard 
operating procedures (SOPs) that regulators need to consider for issuing EUA 
for vaccines with WHO EUL, vaccines obtained via bilateral purchases and from 
government-to-government donations.


Vaccine availability and utilization


From the beginning of the pandemic, countries in the Region considered all 
options to obtain COVID-19 vaccines. As of 9 August 2021, out of the vaccine 
doses received by countries, 91% have been through direct procurement of 
vaccines by governments from manufactures, 6% from the COVAX Facility and 
3% from donations. The most used vaccine in the Region was the AstraZeneca 
vaccine from various manufactures, amounting to 68% of the vaccines used. 
Other vaccines mainly used were Sinovac (16%), Covaxin (9%), Sinopharm (5%), 
Moderna (2%) and some Pfizer and J&J vaccines.
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Countries and the Regional Office have been closely monitoring the utilization 
rates of available vaccines in each country. Supply constraints combined with 
high demand for the vaccines have ensured a high utilization rate of COVID-19 
doses. The overall utilization rate, as a percentage of doses received, stands at 
89% across the Region.


Cold chain and logistics management


UNICEF and WHO conducted a workshop to orient personnel involved with 
vaccine supply chain management on the tools and resources for planning and 
preparing cold chain capacity for COVID-19 vaccines. It found that most countries 
have reasonable cold chain capacity to store and manage vaccines for 20% of 
the population, for vaccines requiring +2 to +8 degree Celsius temperatures with 
some augmentation, adjustment and planning. It was noted that the available 
cold chain capacity for –20 degree Celsius is limited and for ultra-cold chain is 
negligible. Following the workshop, countries made efforts to enhance current 
cold chain facilities and looked for options for ultra-cold chain facilities and 
expansion of the currently used cold chain. The cold chain optimization platform 
of COVAX has enabled this expansion. However, the immediate need for ultra-
cold chain equipment has eased out due to the longer shelf-life of Pfizer and 
Moderna vaccines at +2 to +8 degree Celsius temperatures.


Communication and risk management


The following activities have been undertaken in countries of the Region as part 
of efforts to strengthen communication and risk management in the Region:


 ¤ demand generation and community engagement planning;


 ¤ risk communication strategy to address misinformation;


 ¤ social and behavioural data application to generate demand for and 
acceptance of COVID-19 vaccines;


 ¤ training of health workers and other stakeholders on demand generation, 
interpersonal communication and crisis communications. 


Vaccine effectiveness studies 


A regional vaccine effectiveness (VE) working group has been established in the 
Region. Six countries in the Region have either already conducted a VE study, 
or have an ongoing evaluation study, or have plans to conduct a study very 
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soon. These countries include Bangladesh, Bhutan, India, Indonesia, Sri Lanka 
and Thailand. The Regional Office has been supporting the development or 
review of evaluation protocols, providing training workshops, collaborating with 
global experts and research institutions, information-sharing and coordination 
for these completed/ongoing/planned studies. Most studies in the Region 
are on health workers and other high-risk groups. The vaccines under study/
proposed to be studied for their VE include the AstraZeneca, Covaxin, Moderna, 
Sinopharm and Sinovac. 


Post-introduction evaluations 


An intra-action review (IAR) of COVID-19 vaccination, also called a mini-post 
introduction evaluation (PIE) has been carried out in Bhutan in May 2021.  Several 
other countries of the Region have shown interest in conducting a mini-PIE. The 
key success factors identified during the evaluation included strong political 
leadership, multisectoral coordination and collaboration at national and district 
levels, timely dissemination of information on vaccines to the community and 
the use of digital technology for registration, reporting of adverse events 
following immunization (AEFI), follow up and management of AEFI cases. The 
key challenges identified included securing the budget and ensuring clarity on 
financial guidelines, as well as challenges related to distribution of vaccines and 
updating the digital platform used in the country. 


Vaccine safety surveillance


All countries are in the process of strengthening systems for surveillance of AEFI. 
As of 9 August 2021, AEFI data were received from 6/11 countries (Bangladesh, 
Bhutan, Indonesia, Maldives, Nepal, Sri Lanka). A total of 32 682 AEFIs (serious 
and non-serious) was reported for all COVID-19 vaccines from all reporting 
countries. There is wide variation in AEFI reporting rates (0.37 to 1791 per 
100 000 COVID-19 vaccine doses) between countries of the Region. The most 
important contributing factor for this variation is the variable reporting of serious 
and/or non-serious adverse events by different countries. A total of 502 serious 
AEFIs was reported for all COVID-19 vaccines from all reporting countries. The 
reporting rates for serious AEFIs vary between 0.25 and 34 reports per 100 000 
doses, indicating less variability when compared with the total (serious and non-
serious AEFI) rates. Countries with a smaller population (Maldives, Bhutan) tend 
to have much higher reporting rates for both serious and non-serious AEFIs. 
A total of 484/502 (96%) of AEFI cases have been investigated and 406/502 
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(81%) have undergone causality assessment, based on which 29 reports of 
anaphylaxis (or severe allergic reactions) and seven events of thrombosis with 
thrombocytopenia syndrome (TTS) have been reported in the Region. 


Monitoring mechanisms in countries


Monitoring systems have been developed by countries to register individuals for 
vaccination. Countries have also developed mechanisms to provide vaccination 
cards/certificates in various formats (hard copy/electronic version). The key 
challenges that data management systems face in countries include difficulty 
in identifying target groups in the system, lack of knowledge to use mobile 
apps by individuals, tracking migrant populations, tracking for second dose 
administration and insufficient human resources to manage the systems. 
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8. Strategic Framework for 
South-East Asia Regional 
Vaccine Action Plan 2022–
2030 – “Leaving no one 
behind unprotected”


The Immunization Agenda 2030 (IA2030) sets out a global immunization strategy 
up to 2030. The South-East Asia Region Strategic Framework for the Regional 
Vaccine Action Plan 2022–2030, developed collaboratively with countries and 
immunization stakeholders, adapts this global strategy according to the regional 
context and lays out the Region’s specifi c impact goals. This Regional Vaccine 
Implementation Plan 2022–2026 complements these documents, providing 
guidance on how the Regional Strategic Framework will be implemented within 
countries and at the regional level.


The primary responsibility for implementation lies with individual countries. 
Using the Regional Strategic Framework, countries will identify where their 
national immunization programmes need to be strengthened to achieve the 
regional goals and targets. For key indicators, they will establish their own 
targets – challenging but achievable – which will act as stepping stones towards 
regional “gold standard” targets.


Partners will work with countries to identify development needs, and coordinate 
and collaborate their activities to deliver tailored packages of support that meet 
individual country needs. Technical support will draw upon globally collated 
resources, plus regional expertise, and peer support among countries. Other 
“accelerators” of regional progress include Gavi national and subnational 
support, as well as the leveraging of disease-specifi c control eff orts (including 
those related to COVID-19).


The NITAGs will off er technical advice to national immunization programmes. 
They will also provide an oversight mechanism for monitoring progress towards 
targets. At a regional level, the ITAG will provide an overarching oversight 
mechanism and off er countries individualized advice and support.
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Implementation in countries will be based on national immunization strategies 
and comprehensive multi-year plans (cMYPs), which will be updated over time to 
refl ect Regional strategic priorities. Annual workplans will be developed, outlining 
the specifi c activities that need to be undertaken to achieve national targets and 
identifying who has responsibility for ensuring that they are carried out. 


Annual reports will summarize activities undertaken and progress towards 
national targets. These reports will also identify areas requiring further attention, 
creating continuous quality improvement cycles that will drive ever-improving 
programme performance.


Annual workplans and annual reports will be put together by national 
immunization programmes (NIPs) in collaboration with partners. Annual 
workplans will include the specifi c contributions to be made by countries and 
partners. Annual reports will guide the development of tailored packages of 
support focused on priority areas. The NITAGs will also feed into the development 
of annual workplans and comment on annual reports. The ITAG will similarly 
review annual workplans and reports and off er advice to enhance performance.


The Region’s monitoring and evaluation framework will underpin these 
continuous quality improvement cycles. The framework will include regional 
versions of global impact goals, as well as indicators corresponding to global 
strategic priority objectives. A further set of indicators has been established 
covering regional priority key areas of focus. Scorecards will be developed to 
provide a visual representation of progress towards both regional gold standard 
and national targets.


For large countries and those with devolved health systems, similar mechanisms 
will be established at the subnational level. These will include subnational target-
setting within the context of national planning, with input from subnational-level 
technical experts and partners. The principle of continuous quality improvement, 
underpinned by data collection and analysis, will be promoted at all levels of 
national immunization programmes. 


The Regional Offi  ce will develop analogous regional annual workplans and 
annual reports, providing an overview of the performance of all countries in 
the Region as well as a summary of activities undertaken at the regional level. 
These processes will also be undertaken in collaboration with partners to ensure 
coordination and alignment.


The Regional Vaccine Implementation Plan will run until 2026. Initially, activities 
will have a strong focus on the roll-out of COVID-19 vaccination and repair of the 
damage caused to immunization services and VPD surveillance by the pandemic. 
A more comprehensive mid-term review will be carried out in 2026 and used 
to inform the development of a revised Implementation Plan for 2027–2030.
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9. Conclusions and 
recommendations 


9.1 Key conclusions


The ITAG appreciated the submission of annual reports by the NITAGs of 
nine of the 11 countries of the SEA Region, despite the ongoing COVID-19 
pandemic. It commended the NIPs and partners for their extensive eff orts to 
ensure continuity of RI services and to revive RI and VPD surveillance despite 
the challenges posed by the pandemic.


The ITAG noted with concern that immunization and VPD surveillance have 
been aff ected due to the COVID-19 pandemic in several countries of the 
Region, leading to increased vulnerability to outbreaks of VPDs. It also noted 
that immunization staff  has been repurposed for COVID-19-related work in 
most countries. 


The ITAG appreciated the eff orts to ensure that mass vaccinations campaigns 
(polio, MR) were conducted successfully by some countries in the Region during 
the pandemic and that high administrative coverage was achieved during these 
campaigns. 


It also noted that new vaccines have been introduced in some countries of the 
Region, despite the pandemic, while some other countries are in the process 
of introducing additional vaccines. 


The ITAG commended the Region for the progress in polio transition but 
highlighted the continued risks related to long-term sustainability of the 
immunization networks.


The ITAG expressed concern at the negative impact of the COVID-19 pandemic 
on measles and rubella elimination eff orts in countries of the Region.  


The ITAG appreciated that 10 of the 11 countries in the Region are currently 
administering COVID-19 vaccines. It noted that the availability of COVID-19 
vaccines has been a challenge and supply has not been able to meet the demand 
in several countries, leading to slowing down of the pace of vaccination. 
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The ITAG commended all countries for having prioritized vaccination of target 
groups as per the SAGE prioritization roadmap while noting that some countries 
have gone beyond the priority groups. 


While appreciating the good progress in COVID-19 vaccination of health-care 
workers and frontline workers in the Region, the ITAG expressed concern at 
the suboptimal COVID-19 vaccine coverage of the elderly population, women, 
population of certain geographical locations, migrants and displaced populations. 


The ITAG noted that countries are facing challenges associated with the 
management of diff erent types of vaccines (using multiple platforms) from 
multiple sources.


It appreciated the Region and countries for the high utilization rates of COVID-19 
vaccines and for the monitoring and evaluation eff orts to optimize vaccine 
delivery.


The ITAG commended countries for the successful application of cold chain 
equipment (CCE) support through the COVAX facility.


The ITAG noted that countries have expedited the EUA of several COVID-19 
vaccines and that surveillance of vaccine safety is gradually picking up. However, 
it expressed concern at the low reporting of AEFIs and insuffi  cient causality 
assessments in some countries. 


It noted that countries are providing either electronic and/or paper-based 
vaccination records to the recipients of COVID-19 vaccines. 


The ITAG noted that the Strategic Framework for the South-East Asia Regional 
Vaccine Action Plan 2022–2030 has been updated with regional approaches 
for coordinated planning, ownership and accountability, and monitoring and 
evaluation, based on the IA2030 Framework for Action, and that the Framework 
will be presented to the South-East Asia Regional Committee in September 2021. 


It also noted that the development of a draft Regional Vaccine Implementation 
Plan for 2022–2026 has been initiated. 


9.2 Country-specifi c conclusions


Bangladesh 


¤ Noted that essential immunization is largely maintained and the impact of 
COVID-19 in early 2020 was compensated for later in 2020 and early 2021.
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 ¤ Commended Bangladesh for conducting catch-up immunization amid the 
ongoing COVID-19 pandemic.


 ¤ Expressed concern that the July 2021 wave of COVID-19 might impact 
essential immunization coverage.


 ¤ Noted that the impact on VPD surveillance has been much more than on 
immunization.


 ¤ Commended Bangladesh for conducting an MR campaign in December 
2020–January 2021.


 ¤ Noted that the country has set an objective of vaccinating 80% of its 
population against COVID-19 by 2022. 


 ¤ Expressed concern that with the limited number of vaccine doses, targeting 
lower-priority groups may reduce the ability to reach the most affected 
groups. 


 ¤ Noted that shortage of supplies and multiple products have created 
significant challenges for the roll-out of COVID-19 vaccines.


Bhutan 


 ¤ The ITAG commended Bhutan for maintaining immunization services with 
no interruption of vaccine and logistics supplies and the high demand for 
all vaccines, despite the pandemic.


 ¤ Appreciated uninterrupted VPD surveillance, despite some decline in 
performance and plans to sensitize health workers on the importance of 
reporting and investigation.


 ¤ Appreciated Bhutan for maintaining high MR vaccine coverage during the 
pandemic.   


 ¤ Commended the country for COVID-19 vaccine roll-out and good coverage 
attained.


 ¤ Commended Bhutan for the activities undertaken to build public confidence 
in the mixed schedule of the COVID-19 vaccine.


 ¤ Noted that the activities carried out generated good acceptance of vaccines 
and strong AEFI surveillance. 


India 


 ¤ Noted the significant impact of the COVID-19 pandemic on RI vaccine 
coverage (Penta3, OPV3 and MR) resulting in a decline in immunization 
coverage to less than 90% for all vaccines during 2020.
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 ¤ Expressed concern over the decline in demand for routine vaccination due 
to the COVID-19 pandemic. 


 ¤ Commended India for the plan on catch-up immunization.


 ¤ Appreciated the expansion of PCV to additional states during the COVID-19 
pandemic. 


 ¤ Appreciated the existence of a robust vaccine supply chain system in India 
as a result if which no stock-outs of EPI vaccines or injection equipment 
were reported at the national or subnational level.


 ¤ Expressed concern at the decline in VPD surveillance performance. 


 ¤ Noted that the MR elimination programme in India is off-track.


 ¤ Commended the country for successfully implementing the COVID-19 
vaccine roll-out and for progressively increasing vaccine coverage. 


 ¤ Commended India for monitoring a large number of COVID-19 vaccination 
session sites and taking corrective actions based on monitoring feedback.  


 ¤ Expressed concern at the limited reporting and investigation of AEFIs in India. 


Indonesia 


 ¤ Noted that RI coverage has declined for all vaccines in Indonesia and 
expressed concern at the increasing risk of vaccine-derived polioviruses 
(VDPV) due to decline in performance of AFP surveillance and OPV/IPV 
coverage.


 ¤ Noted that multiple COVID-19 vaccines have been introduced in Indonesia 
and COVID-19 vaccination of younger children (aged 12–17 years of age) 
has been initiated. 


 ¤ Noted the efforts to secure sufficient vaccine supplies to meet the 
requirement for vaccinating all adults.


 ¤ Commended the country for initiating the surveillance of adverse events 
of special interest. 


Maldives 


 ¤ Appreciated that immunization coverage and VPD surveillance remained 
on track despite the pandemic.


 ¤ Expressed concern at the lack of sufficient human resources for the 
management of immunization and surveillance activities in the country.


 ¤ Noted that appropriate countermeasures were taken to handle hesitancy 
for the measles–mumps–rubella (MMR) vaccine in Maldives. 
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 ¤ Commended Maldives for reaching high coverage with both doses of 
COVID-19 vaccine and the innovative approaches taken to identify and 
reach undocumented foreigners and unregistered migrants.


 ¤ Commended the home visits through mobile teams to vaccinate bedridden 
people with COVID-19 vaccines.


 ¤ Appreciated the high demand for COVID-19 vaccines and efforts made to 
counteract the spread of misinformation. 


Nepal 


 ¤ Noted the actions taken to increase coverage and equity through routine 
sessions to address left-outs and drop-outs.


 ¤ Appreciated the successful completion of MR SIA and its linkage with routine 
immunization to identify zero-dose and partially vaccinated children.


 ¤ Commended nationwide introduction of the rotavirus vaccine despite the 
pandemic. 


 ¤ Commended the country for applying to Gavi for typhoid conjugate vaccine 
(TCV) introduction amid the ongoing COVID-19 pandemic.


 ¤ Appreciated the efforts made to reach the elderly population with COVID-19 
vaccines and to improve cold chain space and waste management of 
COVID-19 vaccines. 


Sri Lanka 


 ¤ Appreciated that the immunization programme in Sri Lanka has performed 
well, even in during the difficult situation of the pandemic.


 ¤ Noted the challenges of RI delivery and surveillance during large outbreaks 
of COVID-19 where the workforce is repurposed for the COVID-19 outbreak 
response. 


 ¤ Noted that a catch-up plan for RI is planned in Q4 2021.


 ¤ Commended Sri Lanka for achieving high coverage with COVID-19 vaccines 
among health-care and frontline workers. 


 ¤ Noted the plan to lower the age group for persons eligible for COVID-19 
vaccination.


 ¤ Appreciated the efforts made by the country to overcome supply constraints 
during the initial phase of COVID-19 vaccine roll-out. 
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Thailand 


 ¤ Appreciated that immunization services are currently fully functioning 
throughout Thailand, although there has been an overall decline in coverage. 


 ¤ Noted the important measures taken to maintain RI services such as catch-up 
immunization, public communication and target population prioritization.


 ¤ Noted the introduction of the combined tetanus, diphtheria and acellular 
pertussis (Tdap) vaccine for pregnant women.


 ¤ Noted that national MR elimination strategies were developed and 
disseminated to all subnational levels in mid-2021 and appreciated the 
rescheduling of second dose of the MR-containing vaccine (MRCV2) from 
2.5 years to 1.5 years.


 ¤ Expressed concern that low/uncertain coverage still exists in some 
populations – such as among migrants, in the deep south and in urban areas.


 ¤ Noted that religious beliefs, conflict situations and weakening of primary 
health care in deep-south Thailand is a cause of vaccination gaps in children.


 ¤ Commended Thailand for successful roll-out of the COVID-19 vaccine. 


 ¤ Noted that Thailand has recently started to produce COVID-19 vaccines.


 ¤ Appreciated the efforts to regularly analyse COVID-19 surveillance data, 
inform policy-makers and provide guidance on prevention and control 
measures. 


Timor-Leste 


 ¤ Noted that the COVID-19 pandemic has caused a decline in demand for 
routine vaccination.


 ¤ Noted that the introduction of new vaccines (PCV and HPV) has been 
postponed due to the pandemic.  


 ¤ Noted that the country has followed guidelines for vaccinating priority target 
groups against COVID 19 as per the national deployment and vaccination 
plan. 


9.3 Overall recommendations


The SEAR-ITAG made the following key recommendations.  


 ¤ All recommendations made in 2020, i.e. during the 11th ITAG meeting (July 
2020) and during the special session of ITAG on COVID-19 vaccination 
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(November 2020) continue to hold and efforts to implement these should 
continue.


 ¤ The ITAG endorsed the recommendations made by the respective NITAGs 
and encouraged NIPs to continue/enhance engagement with NITAGs.


 ¤ It urged NIPs to develop a time-sensitive joint implementation plan 
as part of their annual workplan to operationalize the ITAG and NITAG 
recommendations. 


 ¤ It recommended that future NITAG reports should specifically include 
efforts undertaken by the country to identify areas/populations with high 
zero-dose children as well as actions to improve coverage in these areas. 


Routine Immunization revitalization


 ¤ The ITAG recommended that immunization should be considered as an 
essential service and continuity of services must be ensured.


 ¤ Strategies to maintain and enhance RI should be in place while efforts to 
increase COVID-19 vaccination rates are ongoing.


 ¤ It should be ensured that adequate human resources are identified 
and available to meet the need to conduct RI sessions while COVID-19 
vaccination is ramped up. 


 ¤ Enhanced communication efforts to build confidence for RI services should 
be ensured in the context of the COVID-19 pandemic. 


 ¤ Policies should be developed and ensured for catch-up vaccination with EPI 
antigens beyond conventional age groups of immunization programmes.


 ¤ Tracking of children should be ensured for their full immunization status 
(measured by completion of MCV2) and efforts made to increase the 
coverage of fully immunized children.


 ¤ Countries should be encouraged to continue to identify opportunities to 
introduce new or underutilized vaccines, similar to Nepal’s example of 
application to Gavi for the Typhoid conjugate vaccine (TCV).  


 ¤ Strategies should be in place to identify high-risk groups and areas and 
tailored strategies developed and implemented to reach these groups 
through SIAs, periodic intensification of RI, catch-up or sweeping activities. 


 ¤ In the eventuality of future lockdowns/movement restrictions, especially 
in areas that are at high risk, it should be ensured that SOPs are in place 
for enhancing immunization activities immediately following cessation of 
lockdown periods.
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 ¤ Monitoring efforts should be strengthened in all countries and a tailored 
approach taken to enhance the quality and coverage of immunization using 
concurrent monitoring and other real-time monitoring data. 


 ¤ In places with ongoing school immunization programmes, special strategies 
should be developed to vaccinate schoolchildren who have missed 
vaccination due to prolonged school closure.


VPD surveillance revitalization


 ¤ The ITAG recommended regular/periodic national and subnational reviews 
of surveillance indicators of AFP/MR/other priority VPDs to identify and 
implement evidence-based actions.


 ¤ Focus is needed on understanding the reasons for the decline in case 
reporting, and actions taken to improve reporting.


 ¤ Appropriate/innovative strategies should be developed and implemented 
to ensure that VPD surveillance is maintained at the targeted levels.


 ¤ Alternative communication/reporting/tracking methods should be identified 
and applied for case identification, investigation and reporting of suspected 
cases of priority VPDs with a focus on AFP, fever and rash, and diphtheria 
surveillance during and post lockdowns.


 ¤ Availability should be ensured of adequate human and financial resources 
for VPD surveillance activities. 


 ¤ Sharing best practices on surveillance activities during lockdowns should 
be encouraged.


MR elimination


 ¤ The ITAG recommended that all recommendations made for revitalization 
of RI and VPD surveillance apply to MR elimination as well.


 ¤ It recommended conducting an in-depth review of MR elimination activities 
in countries of the Region and reporting back the findings to the SEAR-ITAG, 
followed by a consultation with all Member States on the feasibility/revision 
of the regional target of MR elimination by 2023 based on the findings of 
the in-depth reviews.  
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COVID-19 vaccine roll-out


 ¤ The ITAG recommended close monitoring of vaccination coverage among 
priority populations such as the elderly, pregnant and lactating women, 
people with comorbidities, and displaced/migrant populations with both 
the first and second doses.


 ¤ Availability should be ensured of COVID-19 vaccination coverage data 
disaggregated by vaccine type, and by different target groups.


 ¤ Mechanisms should be ensured to provide high-quality, secure and authentic 
documentation for vaccination (certification) to the population and advised 
that the WHO Regional Office should orient and support countries on this.


 ¤ AEFI management and surveillance systems should be strengthened, 
including causality assessments, and regular sharing of data ensured with 
the WHO Regional Office and through ViGiBase – a global database of 
individual case safety reports. 


 ¤ An in-depth assessment should be conducted of gender balance among 
various priority groups as a research priority. 


 ¤ Availability, monitoring, evaluation and updating should be ensured of the 
“risk communication plan” for COVID-19 vaccines in all countries. 


 ¤ Progress on risk communication should be reported during the next ITAG 
meeting.


 ¤ Mini-PIEs should be conducted as part of the COVID-19 pandemic response 
intra-action review. 


 ¤ Mechanisms should be in place to monitor and track coverage of the second 
dose of the vaccine (for all vaccines requiring two doses).


 ¤ Countries are encouraged to conduct need-based vaccine effectiveness 
studies for various vaccines.


 ¤ Inclusion of vaccination status of COVID-19 cases should be ensured in 
COVID-19 case investigation forms and use of COVID-19 epidemiological 
data for programmatic decisions, e.g. prioritization of future target groups.


 ¤ Continuation of public health and social measures should be ensured along 
with COVID-19 vaccination.


 ¤ Countries should ensure that the enablers of and barriers to adult vaccination 
are well documented in countries that are vaccinating adults for the first time,


 ¤ All factors that affect COVID-19 vaccination uptake should continue to be 
monitored and addressed using appropriate data collection tools, including 
factors related to acceptance and operational issues that affect uptake.
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 ¤ The ITAG encourages countries to initiate surveillance of adverse events 
of special interest to strengthen the national pharmacovigilance system. 


Strategic Framework for the Regional Vaccine Action Plan 
2022–2030


 ¤ The ITAG recommended that countries and partners should work together 
to review the current version of the Plan and identify national and regional 
key performance indicators, baseline values for them, targets for 2026, and 
important activities for country-level and regional-level implementation.


 ¤ Recommended that the development of the Regional Vaccine Implementation 
Plan 2022–2026 should be completed by November 2021. 


9.4 Additional country-specific recommendations


Bangladesh 


 ¤ Provide a report on the immunization and VPD surveillance activities for 
migrants/displaced populations in Cox’s Bazar.


 ¤ Ensure that the definition of “acute fever and maculopapular rash” is 
implemented nationwide as a part of MR surveillance. 


 ¤ Enhance laboratory and surveillance capacity for molecular epidemiology 
to identify the source of transmission for measles and rubella. 


 ¤ Enhance mechanisms for identification of priority groups and develop 
strategies to vaccinate these groups with COVID-19 vaccine and monitor 
coverage among them.


 ¤ Improve AEFI surveillance and monitoring systems and turnaround of 
investigation of all COVID-19 vaccine-related AEFIs.


 ¤ Ensure human resource capacity is adequate at all levels and existing vacant 
positions of cold chain handlers are filled on a priority.


Bhutan 


 ¤ Conduct an in-depth review to resolve the denominator issue with RI 
antigens, especially for MCV2. 


 ¤ Conduct supplemental surveillance activities (such as retrospective case 
search) to understand the true VPD situation for possible missed measles 
outbreaks/cases or other VPD cases.
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 ¤ Develop and build capacity for outbreak preparedness and response plan 
to respond rapidly to MR outbreaks.


 ¤ Strengthen laboratory support with a focus on dealing with cases of rubella 
in the context of very low incidence of rubella and possible false-positive 
cases. 


 ¤ Strengthen the COVID-19 vaccination registration system to reduce 
duplication and identify persons in high-risk categories. 


India


 ¤ Conduct state-by-state assessment of RI and VPD surveillance and 
develop state-wise immunization and VPD surveillance revitalization plans; 
mechanisms to monitor implementation of state-level plans be put in place 
at the national level. 


 ¤ Share lessons learnt on the deep-dive on RI and VPD surveillance and its 
outcome. 


 ¤ Conduct MR immunity profile assessments for all states and plan and 
implement subnational MR SIAs in states with significant unprotected 
populations (more than 80% of birth cohort).


 ¤ Considering that polio continues to be a risk, continue to maintain a high 
population immunity level for polio through RI and periodic SIAs, as well 
as by tracking surveillance indicators. 


 ¤ Identify and address the issues related to COVID-19 vaccine hesitancy among 
the elderly and persons with comorbidities.


 ¤ Improve the delivery strategies of COVID-19 vaccines for elderly persons.


 ¤ Enhance reporting of serious/severe AEFI cases following COVID-19 
vaccination, expedite causality assessment of all serious/severe AEFIs and 
share the outcomes with the Regional Office and in ViGiBase.


 ¤ Ensure and monitor equitable distribution of COVID-19 vaccines to both 
males and females.


Indonesia 


 ¤ Develop a timeline for the implementation of NITAG recommendations 
along with a monitoring mechanism. 


 ¤ Conduct province-wise assessment of RI and VPD surveillance and develop 
an immunization and VPD surveillance revitalization plan for each province.
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 ¤ Conduct an assessment on the adequacy of partners’ support at the 
subnational level and gaps to be filled to revitalize RI/VPD surveillance. 


 ¤ ensure mechanisms to monitor implementation of province-level plans at 
the national level. 


 ¤ Assess the impact, if any, of COVID-19 vaccination on RI and address it.


 ¤ Assess the impact of COVID-19 vaccine hesitancy on the demand for RI 
and address it.


 ¤ Conduct stakeholder analysis of the vaccine procurement system to develop 
plans for streamlining planning, implementation and monitoring of the 
vaccine procurement and distribution process.


 ¤ Plan and implement high-quality subnational MR SIAs urgently to close 
immunity gaps with the necessary measures to deal with any vaccine 
hesitancy based on previous experience.


 ¤ Ensure a continued focus on COVID-19 vaccination of priority groups as 
per the SAGE prioritization roadmap. 


 ¤ Accelerate coverage of COVID-19 vaccines for all, including elderly 
populations, by addressing both access and demand obstacles.


 ¤ Develop and implement strategies to improve access to COVID-19 vaccines 
in remote/island populations.


 ¤ Address issues related to COVID-19 vaccine hesitancy among the elderly 
and persons with comorbidities.


 ¤ Ensure that cold chain improvement plans for COVID-19 vaccines are 
implemented and monitored. 


Maldives 


 ¤ Develop a long-term human resource plan for immunization and surveillance, 
including an interim task-shifting mechanism. 


 ¤ Ensure training/orientation of new staff on immunization in practice and 
VPD surveillance.  


 ¤ Strengthen the programme at the central level through dedicated teams 
to monitor implementation. 


 ¤ Develop demand-generation strategies to enhance MR vaccine uptake in 
migrant and unregistered populations.


 ¤ Develop and implement plans for immunization of expatriate workers with 
MR vaccine.
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 ¤ Ensure that dedicated human resources are available to support COVID-19 
vaccine roll-out. 


 ¤ Continued efforts to track, identify and vaccinate migrant populations and 
foreigners with COVID-19 vaccines.


 ¤ Enhance the AEFI monitoring and surveillance mechanism following 
COVID-19 vaccination with capacity for causality assessment. 


Nepal 


 ¤ Advocate with subnational decision-makers to ensure support to enhance 
immunization coverage in each palika.


 ¤ Ensure capacity-building of local-level health managers (health coordinators 
at palika level) to manage immunization activities through tailored training.


 ¤ Review the status of fully immunized districts and municipalities for 
sustainability plans.


 ¤ Conduct regular reviews with provinces and districts with feedback on 
immunization coverage and measles/AFP and other VPD surveillance 
indicators. 


 ¤ Enhance national capacity for molecular epidemiology of measles and 
rubella. 


 ¤ Share the evaluation findings and lessons learnt on linking MR SIAs with 
essential immunization strengthening in the next ITAG meeting.


 ¤ Enhance human resource capacity at the central level for casualty assessment 
of serious/severe AEFIs following COVID-19 vaccination. 


Sri Lanka


 ¤ Develop plans to sustain the gains and ensure that EPI reviews at the 
subnational level are reinstated. 


 ¤ Develop and implement more specific plans for catch up of essential 
immunization.


 ¤ Develop a more specific plan to ramp up MR surveillance. 


 ¤ Conduct an assessment to understand issues with COVID-19 vaccine 
acceptance/demand and develop a communication plan accordingly. 


 ¤ Review the COVID-19 vaccine data management system and correct issues 
with completeness of data. 
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Thailand 


 ¤ Conduct an urgent review of EPI and VPD surveillance in the country 
and develop a revitalization plan with an accountability framework for 
monitoring implementation of the recommendations. 


 ¤ Ensure capacity-building of local level health managers to manage 
immunization activities through tailored mid-level managers’ training. 


 ¤ Ensure capacity-building of vaccinators on immunization in practice with 
focus on deep-south Thailand.


 ¤ Enhance systems to capture data on COVID-19 vaccine utilization and 
wastage by vaccine type.


 ¤ Enhance the capacity for timely causality assessment of severe AEFI cases 
following COVID-19 vaccines. 


Timor-Leste


 ¤ Ensure that the procurement policies and SOPs for all vaccines are in place 
and there are no delays in procurement of vaccines. 


 ¤ Develop and introduce a plan to improve the coverage of MCV2 vaccination 
urgently.


 ¤ Strengthen laboratory support with a focus on dealing with cases of rubella 
in the context of very low incidence of rubella and possible false-positive 
cases. 


 ¤ Develop and implement strategies to improve full COVID-19 vaccination 
coverage for priority groups. 


 ¤ Enhance uptake of the second dose of COVID-19 vaccine. 


 ¤ Ensure targeted communication and improved strategies to identify and 
deliver COVID-19 vaccines to the elderly and persons with comorbidities.
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Annex 1
Opening address by the Regional Director


Shri Rajesh Bhushan, Secretary, Ministry of Health & Family Welfare, Government 
of India; Members of the South-East Asia Region Immunization Technical 
Advisory Group, Chairpersons and Representatives of National Immunization 
Technical Advisory Groups from Member States, technical experts, programme 
managers, representatives of partner agencies, ladies and gentlemen,


Good afternoon and welcome to this 12th meeting of the South-East Asia Region 
Immunization Technical Advisory Group (ITAG) – the third such meeting since 
the onset of the COVID-19 pandemic.  


I will deliver these remarks in three parts, each part corresponding to your 
broad objectives: 


First, the COVID-19 response and vaccination roll-out; 


Second, the status of routine immunization and the South-East Asia Regional 
Vaccine Action Plan; 


And third, the way forward to update the Regional Vaccine Action Plan, in line 
with World Health Assembly and Regional Committee endorsements, and in 
pursuit of the Immunization Agenda 2030 targets.  


As of 6 August, almost 201 million cases of COVID-19 have been confirmed 
globally, including more than 4.2 million deaths. 


The South-East Asia Region is the world’s third most affected region, with more 
than 38 million cases and just over 585 000  deaths. 


Since we last met in November, an array of safe and effective vaccines has been 
developed globally. 


WHO has now listed 11 vaccine products for emergency use; we continue to 
assess more.


Countries in the Region and across the world are administering vaccines on 
the basis of the WHO-listed vaccines for emergency use, in addition to the 
emergency use authorization provided by national regulatory agencies. 
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Ten of the Region’s 11 Member States have introduced COVID-19 vaccines 
to respond to the pandemic. As of 8 August, more than 646 million doses of 
COVID-19 vaccines have been administered in the Region, with 24% of people 
having received at least one dose, and 7.5% being fully immunized. 


Variability in coverage between countries that have initiated vaccination ranges 
from 70.7% to 3.4% for the first dose and 62.7% to 2.7% for the second dose. 


All countries in the Region have designed national vaccine deployment plans 
with a focus on priority groups, including health-care and frontline workers, 
and elderly populations. 


Limited availability and inequitable access to vaccines continue to be a challenge.


Globally, high-income and upper=middle-income countries have achieved a 
much higher percentage coverage compared with lower-middle-income and 
low-income countries. This is not because high-income countries are more 
efficient, but because they have more vaccines. 


We now face a two-track pandemic, defined by each country’s access or lack 
thereof to vaccines. 


Efforts to increase country access to equitable vaccine supplies continue to be 
initiated, including through the removal of barriers to scale up manufacturing, 
the waiving of intellectual property rights, and the global sharing of technologies 
and know-how. 


I am aware of how closely all partners and countries in the Region are working 
to ensure a coordinated roll-out and to scale-up access to vaccines. I thank 
you for your efforts. 


Our targets are to vaccinate at least 10% of the population of every country by 
September, at least 40% by the end of the year, and 70% globally by the middle 
of next year. These are the milestones we must reach together to control the 
pandemic. 


Our message to all countries and partners remains steadfast: Vaccine equity 
is not only the right thing to do, but it is also the most efficient way forward. 
The global failure to share vaccines equitably is fuelling the pandemic and will 
continue to do so for as long as the situation persists. 


Supplies of COVID-19 vaccines are expected to increase over the coming months 
and it is important for countries to be prepared to absorb and utilize them. 
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Systems must be in place to store, distribute and administer vaccines. Strategies 
must be in place to increase vaccine acceptance. Achieving high vaccine 
coverage, especially among those at highest risk, will remain critical, alongside 
the continued implementation of public health and social measures. 


I now turn to routine immunization and the South-East Asia Regional Vaccine 
Action Plan, which has in recent years facilitated tremendous Regionwide 
progress towards our immunization goals. 


Since 2014 the Region has remained polio-free. Since 2016 it has maintained 
maternal and neonatal tetanus elimination. 


Five countries have eliminated measles, two of which have also eliminated 
rubella. 


Four countries have achieved hepatitis B control through immunization. 


Since 2010, all countries have introduced between three and five new or 
underutilized vaccines.  


By 2019, immunization coverage in the Region had reached a remarkable 91%, 
up from 83% in 2010. 


The total number of unvaccinated or partially vaccinated children had declined 
to 3.3 million, compared with 8.2 million in 2009. 


You are all aware: The pandemic continues to put these and other achievements 
at risk. 


We know that in 2020 the global coverage of antigens under routine 
immunization significantly declined, increasing immunity gaps, and with them, 
vulnerabilities to vaccine-preventable diseases.  


Seven of the Region’s 11 countries reported a decline in DPT3 coverage, which 
in 2020 averaged 85%. 


National commitment to essential routine immunization has remained strong, 
but increased efforts are required at the subnational level to translate national 
commitment into positive on-the-ground results. 


To reach the unreached and underserved, countries must continue to refine 
strategic, operational and policy guidelines for reviving immunization and 
surveillance activities, towards which this ITAG can contribute. 
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As you embark on this 12th ITAG meeting, update the Regional Vaccine Action 
Plan, and chart the path forward, towards our regional and global targets, that 
message – the importance of prioritizing equity – is one that I want to focus on.  


In the South-East Asia Region and across the world, COVID-19 has 
disproportionately impacted those who have been or are at risk of being left 
behind. 


It has exploited and exacerbated social and economic inequities, and negatively 
impacted almost all areas of health, including immunization.


Amid the ongoing COVID-19 response, it is our duty not only to revive 
immunization systems, but to catch up to and even surpass pre-pandemic 
levels of coverage. 


In pursuing that outcome, we must focus on the most vulnerable first, ensuring 
that the updated Regional Vaccine Action Plan is linked to the wider quest to 
achieve universal health coverage, for which a primary health care approach 
is essential. 


I am certain that this group of esteemed experts will deliver, and I look very 
much forward to being apprised of your guidance, contained in the updated 
Framework of the Regional Vaccine Action Plan and its implementation plan. 


I wish you all the very best, and reiterate WHO’s full support, as together we 
strive to ensure that everyone, everywhere, at every age, fully benefits from 
vaccines, for a fairer, healthier future for all.


Thank you. 
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Global Advisory Committee 
on Vaccine Safety, 
17 September 2021
The Global Advisory Committee on 
Vaccine Safety (GACVS) was established in 
1999 to provide independent, authorita-
tive, scientific advice to WHO on vaccine 
safety issues of global or regional concern.1 
GACVS held a virtual full meeting, on 
17 September 2021 to examine safety and 
genetic stability data of the novel type-2 
monovalent oral poliovirus (nOPV2) vaccine 
implemented under WHO Emergency Use 
Listing (EUL) in 4 countries presented to 
the GACVS nOPV2 sub-committee.


Framework for nOPV2 vaccine use
In 2019 a roadmap was developed to 
outline the steps to follow for the submis-
sion and assessment of nOPV2, the first 
vaccine to be listed under WHO’s EUL 
procedure.2, 3 In October 2020, the Strategic 
Advisory Group of Experts on Immuniza-
tion (SAGE) endorsed a framework for the 
roll out of nOPV2 in 4 phases:4


 Phase A: pre-EUL recommendation, 
preparing for nOPV2 use;


 Phase B: initial use of nOPV2 under
EUL recommendation;


 Phase C: wider use of nOPV2 under
EUL recommendation;


 Phase D: nOPV2 licensed and pre-
qualified


During the initial use period (Phase B), 
countries must meet the EUL conditions 


1 See No. 41, 1999, pp. 337–338.
2 Draft WHO Roadmap for assessment of nOPV2 manufactured 


by PT Biofarma under the EUL procedure. Geneva: World 
Health Organization, 2020 (https://www.who.int/
publications/m/item/roadmap-for-assessment-of-nopv2manu-
factured-by-pt-biofarma-under-the-eul-procedure, accessed 
September 2021).


3 Novel oral polio vaccine type 2 (nOPV2) granted EUL recom-
mendation. Geneva: World Health Organization, 2020 (https://
polioeradication.org/news-post/novel-oral-polio-vaccine-type-
2-nopv2-granted-interim-emergency-use-listing-recommen-
dation/, accessed September 2021).


4 See No. 48, 2020, pp. 596–598.


Comité consultatif mondial 
pour la sécurité des vaccins, 
17 septembre 2021
Le Comité consultatif mondial pour la sécurité 
des vaccins (GACVS), créé en 1999, a pour 
mandat de fournir à l’OMS des conseils scien-
tifiques indépendants et fiables sur des ques-
tions de portée mondiale ou régionale relatives 
à la sécurité des vaccins.1 Le 17 septembre 2021, 
le GACVS a tenu une réunion plénière virtuelle 
afin d’examiner les données présentées au 
sous-comité du GACVS sur le nVPO2 concer-
nant l’innocuité et la stabilité génétique du 
nouveau vaccin antipoliomyélitique oral mono-
valent de type 2 (nVPO2) qui a été déployé dans 
4 pays dans le cadre du protocole OMS d’auto-
risation d’utilisation d’urgence (EUL). 


Cadre pour l’utilisation du vaccin nVPO2
En 2019, une feuille de route a été élaborée 
afin de définir les étapes requises pour la 
soumission et l’évaluation du nVPO2, le 
premier vaccin à faire l’objet de la procédure 
EUL de l’OMS.2, 3 En octobre 2020, le Groupe 
stratégique consultatif d’experts sur la vacci-
nation (SAGE) a approuvé un cadre pour le 
déploiement du nVPO2 en 4 phases:4


 Phase A: phase préalable à la recomman-
dation EUL, préparation à l’utilisation du
nVPO2;


 Phase B: utilisation initiale du nVPO2 au
titre de la recommandation EUL;


 Phase C: utilisation plus large du nVPO2
au titre de la recommandation EUL;


 Phase D: homologation et préqualifica-
tion du nVPO2.


Pendant la période d’utilisation initiale 
(phase B), les pays doivent respecter les condi-


1 Voir No 41, 1999, pp. 337-338.
2 Draft WHO Roadmap for assessment of nOPV2 manufactured by PT 


Biofarma under the EUL procedure. Genève: Organisation mondiale 
de la Santé ; 2020 (https://www.who.int/publications/m/item/road-
map-for-assessment-of-nopv2manufactured-by-pt-biofarma-under-
the-eul-procedure, consulté en septembre 2021).


3 Recommandation d’autorisation d’utilisation d’urgence pour un nou-
veau vaccin. Genève, Organisation mondiale de la Santé, 2018 
(https://polioeradication.org/news-post/recommandation-provi-
soire-dautorisation-dutilisation-durgence-pour-un-nouveau-vaccin-
antipoliomyelitique-oral-de-type-2-nvpo2/, consulté en septembre 
2021).


4 Voir No 48, 2020, pp. 596-598.
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for monitoring and use of the vaccines as well as specific 
additional requirements (“initial use criteria”) which 
were designed to ensure the first uses of nOPV2 could 
be monitored more closely and any unexpected events 
would be detected and identified. SAGE also endorsed, 
in principle, that nOPV2 would be the vaccine of choice 
to respond to cVDPV2 outbreaks. SAGE specified that 
the transition from Phase B to Phase C was dependent 
on several factors, including a review of safety data 
(adverse effects following immunization (AEFIs) and 
adverse effects of special interest (AESIs)) demonstrat-
ing an absence of red flags or clusters of concern, as 
well as genetic stability data and global epidemiology.


 
A GACVS nOPV2 subcommittee was established in January 
2021 to provide an independent assessment of safety 
data generated from nOPV2 use for the duration of the 
EUL, and has met 4 times. As per their terms of refer-
ence, the GACVS nOPV2 subcommittee has provided 
periodic updates on their assessments to the full GACVS 
group. A Global Polio Eradication Initiative (GPEI) 
Genetic Characterization Subgroup was also established 
to assess the genetic data for nOPV2. The safety and 
genetic stability data, together with the assessment of 
the GACVS nOPV2 subcommittee was presented to 
SAGE during their meeting on 5–8 October 2021 to 
inform SAGE’s decision about the move from initial 
(Phase B) to wider use (Phase C). 


Update on nOPV2 roll-out and implications  
for wider use
As nOPV2 is the first vaccine to be listed under EUL it 
is important to monitor its performance in the field. 
One of the conditions of the EUL is that nOPV2 can 
only be used for active outbreak response. This means 
that the first few countries to use the vaccine could not 
be pre-selected based on having strong safety monitor-
ing capacity. Therefore, the GPEI set up safeguards to 
ensure that the countries initially using nOPV2 were 
able to meet minimum standards demonstrating their 
ability to collect the real-world safety data so that any 
safety signals or clusters and unexpected events could 
be identified. In the Phase B of the rollout, only coun-
tries that were verified i.e., could satisfy pre-specified 
readiness requirements could use nOPV2 for outbreak 
response, so that any safety signals or clusters and 
unexpected events could be identified. In August 2021, 
the GACVS nOPV2 subcommittee was presented with 
data from the use of approximately 66 million doses of 
nOPV2 administered in Benin, Congo, Liberia, and Nige-
ria. These data provide a solid base for the detection of 
safety signals and assessing the performance of the 
nOPV2 vaccine in a variety of settings.


The transition from the initial to the wider phase use 
is a key component in the strategy of the GPEI and will 
enable faster and more sustainable outbreak response. 
There is high demand for nOPV2 and moving to wider 


tions énoncées dans le protocole EUL en matière de surveillance 
et d’utilisation des vaccins, ainsi que des exigences supplémen-
taires spécifiques («critères d’utilisation initiale») visant à garantir 
une surveillance plus étroite des premières utilisations du nVPO2 
et la détection et l’identification de tout événement inattendu. Le 
SAGE a également donné son accord de principe pour que le 
nVPO2 devienne le vaccin à privilégier en riposte aux flambées 
épidémiques de PVDVc2. Le SAGE a précisé que le passage de la 
phase B à la phase C dépendrait de plusieurs facteurs, notamment 
d’un examen des données d’innocuité (manifestations postvacci-
nales indésirables (MAPI) et événements indésirables présentant 
un intérêt particulier (EIIP)), lesquelles doivent démontrer l’ab-
sence de signaux d’alerte ou de groupes de cas préoccupants, ainsi 
que des données sur la stabilité génétique du vaccin et de la situa-
tion épidémiologique mondiale. 


Un sous-comité du GACVS sur le nVPO2 a été créé en janvier 
2021 pour mener une évaluation indépendante des données 
d’innocuité recueillies dans le cadre de l’utilisation du nVPO2 
pendant toute la durée de la procédure EUL. Il s’est réuni 4 fois. 
Conformément à son mandat, le sous-comité du GACVS sur le 
nVPO2 a tenu le GACVS régulièrement informé du résultat de 
ses évaluations. Un sous-groupe de l’Initiative mondiale pour 
l’éradication de la poliomyélite (IMEP) chargé de la caractéri-
sation génétique a également été créé afin d’évaluer les données 
génétiques relatives au nVPO2. Les données d’innocuité et de 
stabilité génétique, ainsi que les résultats de l’évaluation menée 
par le sous-comité du GACVS sur le nVPO2, ont été présentés 
au SAGE lors de sa réunion du 5 au 8 octobre 2021 en vue 
d’éclairer la décision du SAGE concernant le passage de la phase 
initiale (phase B) à la phase d’utilisation plus large (phase C). 


Mise à jour sur le déploiement du nVPO2  
et implications pour l’utilisation plus large du vaccin
Étant donné que le nVPO2 est le premier vaccin à être autorisé 
au titre du protocole EUL, il est important d’assurer un suivi de 
sa performance sur le terrain. L’une des conditions énoncées 
dans le protocole EUL est que le nVPO2 ne peut être utilisé qu’à 
des fins de riposte à une flambée épidémique active. Cela signi-
fie que les premiers pays à bénéficier du vaccin n’ont pas pu être 
présélectionnés en fonction de leur forte capacité de pharmaco-
vigilance. C’est pourquoi l’IMEP a fixé des conditions visant à 
garantir que les pays participant à la phase initiale d’utilisation 
du nVPO2 étaient en mesure de satisfaire à des normes mini-
males démontrant leur capacité à recueillir des données d’inno-
cuité en situation réelle pour permettre l’identification d’éven-
tuels signaux de sécurité, groupes de cas ou événements 
inattendus. Pendant la phase B du déploiement, seuls les pays 
dont les capacités ont été vérifiées, c’est-à-dire ceux satisfaisant 
à des exigences prédéfinies en termes de préparation, ont pu 
utiliser le nVPO2 à des fins de riposte aux flambées, l’objectif 
étant de garantir l’identification de tout signal de sécurité, groupe 
de cas ou événement inattendu. En août 2021, le sous-comité du 
GACVS sur le nVPO2 a reçu des données provenant de l’admi-
nistration d’environ 66 millions de doses de nVPO2 au Bénin, au 
Congo, au Libéria et au Nigéria. Ces données constituent une 
base solide pour la détection des signaux de sécurité et l’évalua-
tion de la performance du nVPO2 dans divers contextes.


La transition de la phase initiale à la phase d’utilisation plus 
large est un élément clé de la stratégie de l’IMEP et permettra 
une riposte plus rapide et plus durable aux flambées épidé-
miques. Il existe une forte demande pour le nVPO2 et le passage 
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use (Phase C) will enable more countries to use nOPV2 
instead of the monovalent Sabin OPV2 (mOPV2) 
vaccine, which is less genetically stable and has a higher 
risk of seeding cVDPV2 outbreaks. 


During the wider use phase, countries must continue to 
meet minimum readiness requirements for nOPV2 use 
prior to the vaccine being released from the global 
stockpile by the Director General of WHO. These 
requirements cover areas such as approvals (regulatory, 
national decision making), cold chain and vaccine 
management, surveillance, safety monitoring, labora-
tory, and advocacy, communications and social mobili-
zation. The key change with a move to wider use is the 
removal of requirements to meet prespecified quantita-
tive thresholds for surveillance indicators prior to use 
of the vaccine. Given that cVDPV2 outbreaks often 
occur in countries with weak systems, this will enable 
nOPV2 to be deployed more widely.


Update on nOPV2 clinical development
Clinical data, which is one component of the safety 
assessment, includes Phase 1 and Phase 2 data, some of 
which have already been published.5, 6, 7 Recently in 
2 single-centre, multi-site, partly-masked, randomised 
trials comparing nOPV2 and mOPV2 in infants and 
children, in Panama with 6 months follow-up safety 
data, none of the serious adverse events or important 
medical events were considered as related to vaccine, 
as assessed by an independent data safety monitoring 
board (DSMB). From the same study, it was shown that 
nOPV2 viruses shed from infants and children had 
statistically significantly lower neurovirulence in mice 
compared with mOPV2 viruses shed from infants and 
children.8


Preliminary assessment by independent DSMB of 
3 ongoing clinical trials assessing safety (2 in Bangla-
desh and 1 in The Gambia that enrolled about 
4000 participants) have not reported any vaccine-related 
safety issues.9 In addition, there are 3 ongoing or 
planned field studies or surveys in various countries, 
and 2 planned field studies to assess an interval of 1 or 
2 weeks vs. the current 4 weeks between doses and 


5 Van Damme P et al. The safety and immunogenicity of two novel live attenuated 
monovalent (serotype 2) oral poliovirus vaccines in healthy adults: a double-blind, 
single-centre Phase 1 study. Lancet. 2019;394(10193):148-158. doi: 10.1016/
S0140-6736(19)31279-6.


6 De Coster I et al. Safety and immunogenicity of two novel type 2 oral poliovirus 
vaccine candidates compared with a monovalent type 2 oral poliovirus vaccine in 
healthy adults: two clinical trials. Lancet. 2021;397(10268):39-50. doi: 10.1016/
S0140-6736(20)32541-1. 


7 Sáez-Llorens X et al. Safety and immunogenicity of two novel type 2 oral poliovirus 
vaccine candidates compared with a monovalent type 2 oral poliovirus vaccine in 
children and infants: two clinical trials. Lancet. 2021;397(10268):27-38. doi: 
10.1016/S0140-6736(20)32540-X. 


8 Intraspinal inoculation of culture-amplified shed virus at 4 log and 5 log CCID50 
doses into TgPVR21 mice (N=36 per group).


9 Bangladesh: ClinicalTrials.gov IDs: NCT04579510 (https://clinicaltrials.gov/ct2/
show/record/NCT04579510?term=nOPV2&draw=2&rank=2&view=record) and 
NCT04693286 (https://clinicaltrials.gov/ct2/show/record/NCT04693286?term=nOP
V2&draw=2&view=record) (Phase 2 studies); Gambia: WHO International Clinical 
Trials Registry Platform: PACTR202010705577776 (https://trialsearch.who.int/Trial2.
aspx?TrialID=PACTR202010705577776) (Phase 3 study, regulatory commitment)


à une utilisation plus large (phase C) permettra à davantage de 
pays d’utiliser le nVPO2 au lieu du VPO2 monovalent de souche 
Sabin (VPOm2), qui est moins stable sur le plan génétique et 
est plus susceptible de donner lieu à l’émergence de nouvelles 
flambées de PVDVc2. 


Pendant la phase d’utilisation élargie, les pays doivent continuer 
de satisfaire aux exigences minimales de préparation à l’utilisa-
tion du nVPO2, condition nécessaire pour que le vaccin soit mis 
à leur disposition à partir du stock mondial par le Directeur 
général de l’OMS. Ces exigences portent sur différents éléments, 
notamment: approbations (organismes de réglementation, déci-
sions des autorités nationales), gestion de la chaîne du froid et 
des stocks de vaccins, surveillance, suivi de l’innocuité, capacités 
des laboratoires, et activités de sensibilisation, de communication 
et de mobilisation sociale. Le principal changement associé au 
passage à une utilisation plus large du vaccin est la suppression 
de l’obligation d’atteindre des seuils quantitatifs préétablis pour 
les indicateurs de la surveillance avant l’utilisation du vaccin. 
Étant donné que les flambées de PVDVc2 surviennent souvent 
dans des pays dotés de systèmes peu performants, cela permettra 
un déploiement à plus grande échelle du nVPO2.


Mise à jour sur le développement clinique du nVPO2
Les données cliniques, qui font partie des éléments étudiés pour 
évaluer l’innocuité, comprennent des données de phase 1 et de 
phase 2, dont certaines ont déjà été publiées.5, 6, 7 Dans 2 essais 
randomisés monocentriques multisites à insu partiel récem-
ment effectués au Panama pour comparer le nVPO2 et le VPOm2 
chez les nourrissons et les enfants, avec un suivi de 6 mois des 
données d’innocuité, aucun des événements indésirables graves 
ou des événements médicaux importants observés n’a été consi-
déré comme étant lié au vaccin, selon l’évaluation d’un comité 
indépendant de surveillance et de suivi des données (DSMB). 
Dans la même étude, il a été constaté que la neurovirulence 
chez la souris des virus vaccinaux excrétés par les nourrissons 
et les enfants était statistiquement plus faible pour le nVPO2 
que pour le VPOm2.8


Une évaluation préliminaire, menée par un comité DSMB indé-
pendant, de 3 essais cliniques en cours sur l’innocuité du vaccin 
(2 au Bangladesh et 1 en Gambie, avec environ 4000 partici-
pants) n’a relevé aucun problème de sécurité lié au vaccin.9 En 
outre, 3 études ou enquêtes de terrain sont en cours ou plani-
fiées dans divers pays, et il est prévu de mener 2 études de 
terrain pour évaluer un schéma vaccinal reposant sur un inter-
valle de 1 ou 2 semaines entre les doses, par rapport aux 


5 Van Damme P et al. The safety and immunogenicity of two novel live attenuated monovalent 
(serotype 2) oral poliovirus vaccines in healthy adults: a double-blind, single-centre Phase 1 
study. Lancet. 2019;394(10193):148-158. doi: 10.1016/S0140-6736(19)31279-6.


6 De Coster I et al. Safety and immunogenicity of two novel type 2 oral poliovirus vaccine candi-
dates compared with a monovalent type 2 oral poliovirus vaccine in healthy adults: two clinical 
trials. Lancet. 2021;397(10268):39-50. doi: 10.1016/S0140-6736(20)32541-1. 


7 Sáez-Llorens X et al. Safety and immunogenicity of two novel type 2 oral poliovirus vaccine 
candidates compared with a monovalent type 2 oral poliovirus vaccine in children and infants: 
two clinical trials. Lancet. 2021;397(10268):27-38. doi: 10.1016/S0140-6736(20)32540-X. 


8 Inoculation intraspinale de virus excrété amplifié en culture cellulaire à des doses de 4 log et 
5 log DICC50 chez des souris TgPVR21 (N=36 par groupe).


9 Bangladesh: ClinicalTrials.gov IDs: NCT04579510 (https://clinicaltrials.gov/ct2/show/record/NC
T04579510?term=nOPV2&draw=2&rank=2&view=record) and NCT04693286 (https://clinical-
trials.gov/ct2/show/record/NCT04693286?term=nOPV2&draw=2&view=record) (Phase 2 stu-
dies); Gambia: WHO International Clinical Trials Registry Platform: PACTR202010705577776 
(https://trialsearch.who.int/Trial2.aspx?TrialID=PACTR202010705577776) (Phase 3 study, regu-
latory commitment)
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administration to children aged 5 to 10 and 10 to 
15 years versus the current 0 to 5 years. Three post-EUL 
commitment studies are planned to assess the safety of 
nOPV2 in subpopulations; 2 in pregnant women and 
1 in individuals with primary immunodeficiency.


In summary, there is an ongoing, spreading Public 
Health Emergency of International Concern (PHEIC) for 
cVDPV2 virus outbreaks, which can be attributed to the 
current mOPV2 vaccine, that requires an early and 
widespread response with a more genetically-stable 
vaccine such as nOPV2. The data show that the nOPV2 
vaccine has a similar safety profile, is genetically more 
stable and has significantly lower risk of neurovirulence 
compared with mOPV2 vaccine. No safety flags have 
been detected either during the clinical development 
programme or based on data available in the Phase B 
rollout. Further data from ongoing studies is expected 
to reinforce this good safety and genetic stability profile.


Update on recent results from genetic  
characterization of nOPV2
As part of the nOPV2 roll-out under EUL, samples are 
collected from both acute flaccid paralysis (AFP) and 
environmental surveillance systems in countries where 
nOPV2 is being used. Samples are sent to the Centers 
for Disease Control and Prevention (CDC) in the United 
States of America and the National Institute for Biological 
Standards and Control (NIBSC) in the United Kingdom for 
full genome sequencing.
GPEI has convened a group of experts who review the 
results of the sequencing monthly to identify any genetic 
modifications with a potential to reduce genetic stability 
or to increase neurovirulence or transmissibility. These 
include restoration of original base pairs in the 
V domain of the 5’ untranslated region (UTR), reversion 
at the secondary attenuation site, at amino acid VP1-143, 
which is known to occur in the mOPV2 vaccine and to 
look for recombination with other human enteroviruses 
including other polio viruses, that could result in 
domain V being replaced by the 5’ non-coding region, 
or a non-structural coding region which could restore 
wild-type functional CRE or replace 3D. Also, mutations 
in cre5 and other 5’ UTR domains and VP1 genetic drift 
would indicate sustained (6–12 months) replication of 
the virus and could be classified as a VDPV strain. All 
these variations are accompanied by phylogeographical 
analysis to see how far the strains have gone from the 
original vaccine strain. 


A detailed algorithm has been developed by the subject 
matter experts for interpretation of genetic changes, 
based on the results of these analyses. Isolates are clas-
sified from 1 to 9 using this algorithm. A level 1–2 
isolate would feature restoration of the wild-type 
domain V and a high likelihood of neurovirulence; 
whereas level 8–9, on the other end of the scale, would 
have minimal or no nucleotide changes compared with 
the original nOPV2 strain, indicating no public health 
consequence.


To date, 46 isolates from the thousands of field samples 
processed have been shown to contain nOPV2, with 


4 semaines actuelles, ainsi que l’administration du vaccin aux 
enfants âgés de 5 à 10 ans et de 10 à 15 ans, par rapport à la 
tranche d’âge actuelle de 0 à 5 ans. Trois études d’engagement 
post-EUL sont prévues pour évaluer la sécurité du nVPO2 dans 
certaines sous-populations: 2 chez les femmes enceintes et 
1 chez les personnes présentant un déficit immunitaire primaire.
En bref, les flambées épidémiques de PVDVc2 constituent une 
urgence de santé publique de portée internationale (USPPI) 
persistante et croissante qui peut être attribuée à l’utilisation du 
vaccin VPOm2 actuel et qui nécessite une intervention rapide et 
de grande envergure au moyen d’un vaccin doté d’une plus 
grande stabilité génétique, comme le nVPO2. Les données 
montrent que le nVPO2 a un profil d’innocuité comparable à 
celui du VPOm2, tout en présentant une meilleure stabilité géné-
tique et un risque sensiblement plus faible de neurovirulence. 
Aucun signal de sécurité n’a été détecté, que ce soit au cours du 
développement clinique ou parmi les données recueillies lors de 
la phase B de déploiement. Les données supplémentaires qui 
seront tirées des études en cours devraient confirmer ce profil 
favorable en termes d’innocuité et de stabilité génétique.


Mise à jour sur la caractérisation génétique du nVPO2


La procédure EUL de déploiement du nVPO2 prévoit que des 
échantillons soient prélevés, tant chez des cas de paralysie 
flasque aiguë (PFA) que dans le cadre de la surveillance envi-
ronnementale, dans les pays où le nVPO2 est utilisé. Ces échan-
tillons sont envoyés aux Centers for Disease Control and 
Prevention (CDC) des États-Unis d’Amérique et au National 
Institute for Biological Standards and Control (NIBSC) du 
Royaume-Uni à des fins de séquençage complet du génome. 
L’IMEP a constitué un groupe d’experts chargé d’examiner les 
résultats de séquençage une fois par mois afin d’identifier toute 
modification génétique susceptible d’entraîner une réduction de 
la stabilité génétique ou une augmentation de la neurovirulence 
ou de la transmissibilité. Il s’agit notamment de repérer les modi-
fications suivantes: un rétablissement des paires de bases d’origine 
dans le domaine V de la région 5’ non traduite (UTR); une réver-
sion sur le site d’atténuation secondaire, au niveau de l’acide aminé 
143 de la VP1, dont on sait qu’elle peut se produire avec le VPOm2; 
et une recombinaison avec d’autres entérovirus humains, y compris 
d’autres poliovirus, qui pourrait entraîner le remplacement du 
domaine V par la région 5’ non codante, ou une région codante 
non structurelle susceptible de rétablir un CRE fonctionnel de type 
sauvage ou de remplacer la région 3D. En outre, la présence de 
mutations sur cre5 et d’autres domaines 5’ UTR et d’une dérive 
génétique de la région VP1 serait révélatrice d’une réplication 
durable (6-12 mois) du virus et la souche pourrait être qualifiée 
de PVDV. L’observation de toutes ces variations s’accompagne 
d’une analyse phylogéographique pour déterminer le degré de 
divergence des souches par rapport à la souche vaccinale d’origine. 
Un algorithme détaillé a été mis au point par des experts pour 
faciliter l’interprétation des changements génétiques survenus, 
sur la base des résultats de ces analyses. Cet algorithme permet 
de classer les isolats selon une échelle allant de 1 à 9. Ainsi, un 
isolat pourrait être considéré comme étant de niveau 1-2 s’il 
présente un rétablissement du domaine V de type sauvage et une 
forte probabilité de neurovirulence; à l’autre extrémité de 
l’échelle, un isolat sera classé de niveau 8-9 si les changements 
nucléotidiques par rapport à la souche originale de nVPO2 sont 
minimes ou inexistants, sans conséquence pour la santé publique.


À ce jour, parmi les milliers d’échantillons prélevés sur le terrain 
qui ont été analysés, 46 isolats contenant le nVPO2 ont été identi-
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another 92 awaiting next-generation sequencing. The 
sequenced isolates were from 15 different patients with 
AFP and their contacts, and the remaining isolates were 
from environmental samples. In terms of geographic 
distribution, 35 were from Nigeria, 10 from Liberia and 1 
from Benin. There were between 0 and 3 nucleotide 
changes detected in the VP1 coding region, none of the 
isolates showed changes in the primary attenuation site 
and none were recombinant, resulting in all isolates being 
classified as level 8 or 9, the lowest levels of concern. 


Summary of nOPV2 safety data 
The safety surveillance for the nOPV2 vaccine has 
3 components; AFP and environmental surveillance, 
AEFI surveillance, via the passive surveillance system 
which detects serious and unexpected adverse events 
(AEs); and AESI surveillance, which is an active, time-
limited surveillance system which detects rare and 
complex AEs that can be expected, based on what is 
currently known about polio and polio vaccines. 


Safety data from Nigeria
Data were reviewed from 2 rounds of nOPV2 vaccina-
tion campaigns in Nigeria, with a total of 58.4 million 
doses administered between March and July 2021. Safety 
data was from the routine AEFI system as well as from 
the intensive AESI activities, whereby surveillance offi-
cers go to health facilities, communities, and house-to-
house to gather data for case ascertainment.


The baseline AFP surveillance (1 January–31 December 
2020) and the AFP and environmental surveillance 
(1 January–10 September 2021) data show that the 
surveillance system is functioning well and is above 
the minimum expected surveillance requirements, both 
before and during the vaccination campaigns. 


The causality committee has held 2 meetings to review 
194 AEFIs/AESIs. Two cases were classified as being 
consistent with a causal association with immunization; 
1 case of anaphylaxis and 1 case of suspected VAPP. 
However, 1 suspected case of vaccine-associated polio 
paralysis (VAPP) after 58.4 million nOPV2 doses is 
substantially lower than with mOPV2, which has an 
approximate rate of 1 case per 4 million mOPV2 doses.10 
Seven of the 194 cases were classified as indeterminate 
and further data are being sought.


In summary, generally timely and accurate data are 
available from the different surveillance components, 
although there are some limitations in the detail of the 
diagnostic work up and classification, according to 
Brighton Collaboration or other case definition. There 
are some concerns with the performance of the AEFI 
surveillance as most nOPV2 AEFIs were reported in one 
state, however the system is performing to the expected 


10 Kohler KA et al. Vaccine-associated paralytic poliomyelitis in India during 1999: 
decreased risk despite massive use of oral polio vaccine. Bull World Health Organ. 
2002;80(3):210–216.


fiés et 92 autres sont en attente d’une analyse de séquençage de 
nouvelle génération. Les isolats séquencés provenaient de 15 cas 
de PFA distincts et de leurs contacts, et les autres étaient issus 
d’échantillons environnementaux. En termes de répartition géogra-
phique, 35 provenaient du Nigéria, 10 du Libéria et 1 du Bénin. Ces 
isolats contenaient entre 0 et 3 changements nucléotidiques dans 
la région codant pour la protéine VP1, aucun ne présentait de 
modification du site d’atténuation primaire et aucun n’était recom-
binant; de ce fait, tous les isolats ont été classés comme étant de 
niveau 8 ou 9, soit les niveaux les moins préoccupants. 


Synthèse des données d’innocuité du nVPO2 
La surveillance de la sécurité du nVPO2 comporte 3 volets: la 
surveillance de la PFA et la surveillance environnementale; la 
surveillance des MAPI, reposant sur le système de surveillance 
passive destiné à détecter les événements indésirables graves et 
inattendus; et la surveillance des EIIP, consistant en une surveil-
lance active menée pendant une période limitée pour détecter 
les événements indésirables rares et complexes auxquels on 
peut s’attendre sur la base des connaissances actuelles sur la 
poliomyélite et les vaccins antipoliomyélitiques. 


Données d’innocuité provenant du Nigéria
Les données de 2 tournées de campagnes de vaccination par le 
nVPO2 menées au Nigéria entre mars et juillet 2021, représentant 
au total 58,4 millions de doses administrées, ont été examinées. 
Les données d’innocuité provenaient du système de surveillance 
systématique des MAPI, ainsi que des activités de surveillance 
intensive des EIIP, dans le cadre desquelles des agents chargés 
de la surveillance effectuent des visites dans les établissements 
de santé, dans les communautés et de porte à porte pour recueil-
lir des données aux fins de la vérification des cas.


Les données de référence de la surveillance de la PFA (période 
du 1er janvier 2020 au 31 décembre 2020) et les données de 
surveillance de la PFA et de surveillance environnementale 
(période du 1er janvier 2021 au 10 septembre 2021) montrent 
que le système de surveillance fonctionne bien et qu’il a 
surpassé les exigences minimales attendues, tant avant que 
pendant les campagnes de vaccination. 


Le comité chargé d’examiner les liens de causalité s’est réuni à 
deux reprises pour passer en revue 194 MAPI/EIIP. La présence 
d’un lien de causalité avec la vaccination a été jugée plausible 
pour deux cas: 1 cas d’anaphylaxie et 1 cas suspect de polio-
myélite paralytique associée à la vaccination (PPAV). Cependant, 
1 cas suspect de PPAV sur 58,4 millions de doses de nVPO2 
administrées représente une proportion nettement inférieure à 
celle observée avec le VPOm2, qui est d’environ 1 cas pour 
4 millions de doses de VPOm2.10 Sept des 194 cas ont été clas-
sés comme indéterminés et demeurent à l’étude, des données 
supplémentaires ayant été demandées.


En résumé, les différentes composantes de la surveillance 
parviennent généralement à fournir des données exactes et 
rapides, malgré quelques faiblesses en termes de précision du 
diagnostic et de la classification selon la Brighton Collaboration 
et d’autres définitions de cas. Il existe quelques incertitudes 
quant à la performance de la surveillance des MAPI, car la 
plupart des cas de MAPI associés au nVPO2 ont été signalés 
dans un seul État; toutefois, le système atteint le seuil de perfor-


10 Kohler KA et al. Vaccine-associated paralytic poliomyelitis in India during 1999: decreased risk 
despite massive use of oral polio vaccine. Bull World Health Organ. 2002;80(3):210–216.


1.3_Global&Regional


SAGE meeting April 2022 5







22 WEEKLY EPIDEMIOLOGICAL RECORD, NO 4, 28 JANUARY 2022


limit for non-nOPV2 AEFIs, except in one state. Despite 
these limitations, no new or unexpected safety concerns 
have been detected to date. 


Safety data from Liberia
In Liberia, 2 rounds of nOPV2 vaccination campaigns 
have been done, 26–29 March 2021 and 28–31 May 2021 
with 1.8 million doses administered. There is ongoing 
AEFI and AESI surveillance. Up to August 2021, 28 AEFI 
have been reported via the AEFI surveillance system, 
with fever being the most frequent. One of these cases 
of fever was classified as consistent with a causal asso-
ciation with immunization by the national AEFI commit-
tee. The causality committee has held 2 meetings in June 
and September 2021. 


The baseline AFP surveillance (1 January–31 December 
2020) and the AFP and environmental surveillance 
(1 January–10 September 2021) data show that the 
surveillance system is functioning well and is above 
the minimum expected surveillance requirements, both 
before and during the vaccination campaigns.


The AFP and AEFI surveillance systems are functional 
in Liberia, and the AESI surveillance systems are being 
established.


Safety data from Benin
In Benin the AEFI surveillance system is functional 
(83.0 reports per 100 000 doses administered) and 
137 AEFIs were assessed by the national causality 
committee. More data have been requested for 5 cases 
that were classified as indeterminate.


The baseline AFP surveillance (1 January–31 December 
2020) and the AFP and environmental surveillance 
(1 January–23 July 2021) data show that the surveillance 
system is functioning well and is above the minimum 
expected surveillance requirements, both before and 
during the vaccination campaigns.


AFP and AESI surveillance data are currently partially 
in place. Training in documentation and data analysis 
is essential for establishing more robust systems for 
AEFI data collection, causality assessment and case clas-
sification. The documentation processes need to be 
further strengthened.


Safety data from Congo
In Congo, 2 rounds of nOPV2 vaccination campaigns 
have been completed, 27–29 May 2021 and 20–22 August 
2021 with 1.9 million doses administered. The causality 
assessment committee meeting is planned for late 
September 2021. Training of clinician associates is 
planned in September 2021, and after this retrospective 
and prospective AESI surveillance will start.


The baseline AFP surveillance (1 January–31 December 
2020) and the AFP and environmental surveillance 
(1 January–8 September 2021) data show that the 
surveillance system is functioning well and is above the 
minimum expected surveillance requirements, both 
before and during the vaccination campaigns. Data 
collection is still partial and is ongoing.


mance attendu pour les MAPI non liées au nVPO2, sauf dans 
un État. Malgré ces limitations, aucun problème de sécurité 
nouveau ou inattendu n’a été détecté à ce jour. 


Données d’innocuité provenant du Libéria
Au Libéria, 2 tournées de campagnes de vaccination par le nVPO2 
ont été menées du 26 au 29 mars 2021 et du 28 au 31 mai 2021, 
avec 1,8 million de doses administrées. La surveillance des MAPI 
et des EIIP est en cours. Dans la période allant jusqu’à août 2021, 
28 MAPI ont été signalées par le système de surveillance des 
MAPI, la fièvre étant l’événement le plus fréquemment rapporté. 
Le comité national d’examen des MAPI a jugé que la présence 
d’un lien de causalité avec la vaccination était plausible pour l’un 
de ces cas de fièvre. Le comité chargé d’examiner les liens de 
causalité s’est réuni à deux reprises, en juin et septembre 2021. 


Les données de référence de la surveillance de la PFA (période 
du 1er janvier 2020 au 31 décembre 2020) et les données de 
surveillance de la PFA et de surveillance environnementale 
(période du 1er janvier 2021 au 10 septembre 2021) montrent 
que le système de surveillance fonctionne bien et qu’il a 
surpassé les exigences minimales attendues, tant avant que 
pendant les campagnes de vaccination.


Le Libéria est doté de systèmes de surveillance fonctionnels de 
la PFA et des MAPI et œuvre à la mise en place de systèmes 
de surveillance des EIIP.


Données d’innocuité provenant du Bénin
Au Bénin, le système de surveillance des MAPI est fonctionnel 
(83,0 rapports pour 100 000 doses administrées) et 137 MAPI 
ont été évaluées par le comité national chargé d’examiner les 
liens de causalité. Des données supplémentaires ont été deman-
dées pour 5 cas classés comme indéterminés.


Les données de référence de la surveillance de la PFA (période du 
1er janvier 2020 au 31 décembre 2020) et les données de surveillance 
de la PFA et de surveillance environnementale (période du 1er 
janvier 2021 au 23 juillet 2021) montrent que le système de surveil-
lance fonctionne bien et qu’il a surpassé les exigences minimales 
attendues, tant avant que pendant les campagnes de vaccination.


Les données de surveillance de la PFA et des EIIP sont actuel-
lement partiellement disponibles. Il est essentiel qu’une forma-
tion sur la documentation et l’analyse des données soit dispen-
sée pour mettre en place des systèmes plus robustes de collecte 
des données sur les MAPI, d’évaluation des liens de causalité 
et de classification des cas. Les processus de documentation 
doivent encore être renforcés.


Données d’innocuité provenant du Congo
Au Congo, 2 tournées de campagnes de vaccination par le 
nVPO2 ont été menées à bien, du 27 au 29 mai 2021 et du 20 
au 22 août 2021, avec 1,9 million de doses administrées. Il est 
prévu que le comité d’évaluation des liens de causalité se 
réunisse à la fin septembre 2021. Une formation des cliniciens 
associés est prévue en septembre 2021, après quoi la surveil-
lance rétrospective et prospective des EIIP commencera.


Les données de référence de la surveillance de la PFA (période du 
1er janvier 2020 au 31 décembre 2020) et les données de surveillance 
de la PFA et de surveillance environnementale (période du 1er 
janvier 2021 au 8 septembre 2021) montrent que le système de 
surveillance fonctionne bien et qu’il a surpassé les exigences mini-
males attendues, tant avant que pendant les campagnes de vacci-
nation. La collecte des données reste partielle et se poursuit.
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Conclusions for safety data
The most complete and largest set of data from the 
initial use countries is from Nigeria, but the other coun-
tries are working towards completing their data. Despite 
the limitations discussed above, no new or unexpected 
safety signals have been detected to date.


GACVS nOPV2 subcommittee meeting 3 August 
2021
The GACVS nOPV2 subcommittee commended all coun-
tries for their hard work in collecting, synthesizing and 
analyzing their national data, making it possible for the 
GACVS nOPV2 subcommittee to assess the safety data.


The subcommittee reviewed the safety data for Benin, 
Nigeria, Congo and Liberia as well as the nOPV2 genetic 
characterization subgroup report on nOPV2 isolates 
from AFP cases, contacts and environmental samples 
from Nigeria, Liberia and Benin. 225, 12, 137 and 
202 AESI were reported from Nigeria, Liberia, Benin and 
Congo respectively. These data showed no clusters, or 
unusual or unexpected events. It was observed that for 
all 46 sequenced isolates, the primary attenuation site 
(domain V) had no changes, and all isolates were non-
recombinant and the few nOPV2 isolates that contained 
changes in the VP1 coding region (between 0 and 
3 nucleotide mutations) were classified as low concern.


The committee expressed concern over the accuracy of 
classification and causality assessment of some cases 
of serious AEFIs and some apprehension over inade-
quate case documentation, especially for cases classified 
as indeterminate. Follow-up of these cases is necessary 
to obtain these data and finalise the classification. 


The committee recognized the large number of vaccine 
doses successfully administered in the field and the 
substantial quantity of field data available. 


In summary, the GACVS nOPV2 subcommittee concluded 
that, there were no obvious red flags or safety concerns 
that should be drawn to the attention of the SAGE 
nOPV2 working group, based on the available data.


GACVS meeting on 17 September 2021
The full GACVS Committee was convened to assess the 
data presented by the nOPV2 team as well as the safety 
data from 4 countries. The Chair of GACVS the nOPV2 
subcommittee presented a summary of their assessment 
and suggestions made to move forward to “wider” use, 
as detailed above.


It was stressed that there are no plans to use nOPV2 
other than for outbreak response. It was also confirmed 
that national regulatory approval must be obtained 
prior to the shipment of the nOPV2 vaccine to any 
country.


After review of the data, the GACVS highlighted that 
classification of an AEFI as “indeterminate” by national 
causality committees is not an acceptable outcome, 
particularly when there is a lack of adequate documen-
tation for community-detected events. The crucial 
importance of initial training but also on-going support 


Conclusions concernant les données d’innocuité
Parmi les pays participant à la phase d’utilisation initiale du 
vaccin, le Nigéria est celui qui dispose de l’ensemble de données 
le plus complet et le plus volumineux, mais les autres pays sont 
en train de compléter leurs données. Malgré les limitations 
évoquées ci-dessus, aucun signal de sécurité nouveau ou inat-
tendu n’a été détecté à ce jour.


Réunion du 3 août du sous-comité du GACVS  
sur le nVPO2
Le sous-comité du GACVS sur le nVPO2 a salué le travail assidu 
accompli par tous les pays pour recueillir, synthétiser et analy-
ser leurs données nationales, ce qui a permis au sous-comité 
de procéder à l’évaluation des données d’innocuité.


Le sous-comité a examiné les données d’innocuité provenant du 
Bénin, du Nigéria, du Congo et du Libéria, ainsi que le rapport 
communiqué par le sous-groupe chargé de la caractérisation 
génétique du nVPO2 concernant les isolats de nVPO2 détectés 
parmi les cas de PFA, les contacts et les échantillons environne-
mentaux au Nigéria, au Libéria et au Bénin. En tout, 225, 12, 137 
et 202 EIIP ont été signalés au Nigéria, au Libéria, au Bénin et 
au Congo respectivement. Ces données n’ont pas mis en évidence 
de groupes de cas, ni d’événements inhabituels ou inattendus. Il 
a été observé qu’aucun des 46 isolats séquencés ne présentait de 
modification sur le site d’atténuation primaire (domaine V), que 
tous les isolats étaient non recombinants et que les quelques 
isolats de nVPO2 qui contenaient des modifications dans la 
région codant pour la protéine VP1 (entre 0 et 3 mutations 
nucléotidiques) étaient considérés comme peu préoccupants.


Le comité a émis des réserves quant à l’exactitude de la classifi-
cation et de l’évaluation des liens de causalité pour certains cas 
de MAPI graves et quelques inquiétudes concernant la documen-
tation inadéquate des cas, en particulier pour les cas classés 
comme indéterminés. Un suivi de ces cas est nécessaire pour obte-
nir les données manquantes et les classer de manière définitive. 


Le comité s’est félicité du grand nombre de doses de vaccin 
administrées avec succès sur le terrain et du volume substantiel 
de données de terrain disponibles. 


En résumé, le sous-comité du GACVS sur le nVPO2 a conclu 
que les données disponibles ne révélaient pas de signaux 
d’alarme ou de problèmes de sécurité manifestes devant être 
portés à l’attention du groupe de travail du SAGE sur le nVPO2.


Réunion du GACVS le 17 septembre 2021
Le GACVS s’est réuni en plénière pour examiner les données 
présentées par l’équipe chargée du nVPO2 et les données d’in-
nocuité de 4 pays. La Présidente du sous-comité du GACVS sur 
le nVPO2 a présenté un résumé des évaluations et des propo-
sitions faites par le sous-comité concernant le passage à la 
phase d’utilisation plus large du vaccin, comme exposé ci-dessus. 


Il a été souligné qu’il n’est pas prévu d’utiliser le nVPO2 à 
d’autres fins que pour une riposte aux flambées épidémiques. 
Il a par ailleurs été confirmé que le nVPO2 doit être approuvé 
par les autorités nationales de réglementation avant de pouvoir 
être expédié vers un pays donné.


Après avoir examiné les données, le GACVS a souligné que la 
classification d’une MAPI comme étant «indéterminée» par les 
comités nationaux d’évaluation des liens de causalité ne consti-
tue pas un résultat acceptable, en particulier en l’absence de 
documentation adéquate des événements détectés au niveau 
communautaire. L’accent a été mis sur l’importance fondamen-
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for detection and management of AEFIs and for inves-
tigations and causality assessment was emphasized.


The GACVS nOPV2 subcommittee made the following 
suggestions for consideration as part of the transition 
from initial use (Phase B) to wider use (Phase C) to the 
full GACVS:


 Under wider use (Phase C), AFP surveillance should 
be the backbone of safety surveillance as it is well 
established and captures diseases that are most 
likely to be related to events of interest connected 
to nOPV2, such as vaccine-associated paralytic 
poliomyelitis, Guillain-Barré Syndrome, and trans-
verse myelitis. However high quality AEFI and AESI 
surveillance should continue and be further 
strengthened in the implementing countries so as 
to have a system that is sensitive enough to identify 
adverse events that may not manifest as an acute 
flaccid paralysis. It was emphasized that stool 
adequacy rates are important and it is planned to 
work with countries who have adequacy rates 
below the 80% threshold to help them to improve 
them.


 WHO and its partners should continue to 
strengthen the capacity for both field and hospital 
workers, including doctors, to better diagnose and 
document findings to support the causality 
committees. In particular, additional training and 
support is needed in Benin to clarify case classifi-
cation and review of causality.


 To improve clarity, WHO should provide a more 
standardized, simple guidance tool, such as an 
algorithm to national causality committees for the 
identification of AEFI, AESI and AFP cases.


 Baseline figures, for example AFP reporting rates, 
would be more reliable if the mean rate for several 
years was calculated, rather than just take that for 
the previous year. In particular, data from 2020 may 
not be that reliable due to the impact of the COVID-
19 pandemic on surveillance systems.


 The data that are reported should be harmonized 
so that the summary statistics from the different 
countries can be compared more systematically.


 The roll-out of nOPV2 in the wider use period 
should not be too fast, as it could hamper the abil-
ity of surveillance systems to capture field data to 
identify safety signals and clusters, and other flags 
of concern.


The members of the full GACVS present at the meeting 
expressed their satisfaction with the assessment and 
suggestions made and their agreement with the GACVS 
nOPV2 subcommittee’s conclusions about the absence 
of red flags or safety concerns. They fully supported 
taking these recommendations forward to SAGE for 
their meeting on 5 to 8 October 2021 for their review 
and endorsement. 


tale que revêtent les activités de formation initiale et de soutien 
continu pour faciliter la détection et la prise en charge des 
MAPI, les enquêtes et l’évaluation des liens de causalité.


Le sous-comité du GACVS sur le nVPO2 a formulé les recom-
mandations suivantes pour la transition de la phase d’utilisa-
tion initiale (phase B) à la phase d’utilisation plus large 
(phase C):


 Lors de la phase d’utilisation plus large du vaccin (phase 
C), la surveillance de la PFA doit être le pilier central de 
la surveillance de l’innocuité, car il s’agit d’une activité 
bien établie permettant de détecter les maladies qui sont 
le plus susceptibles d’être liées à des événements d’intérêt 
associés au nVPO2, comme la poliomyélite paralytique 
associée à la vaccination, le syndrome de Guillain-Barré et 
la myélite transverse. Cependant, une surveillance de 
qualité des MAPI et des EIIP doit se poursuivre et être 
renforcée dans les pays ayant déployé le vaccin afin qu’ils 
disposent d’un système suffisamment sensible pour iden-
tifier les événements indésirables susceptibles de se mani-
fester autrement que par une paralysie flasque aiguë. Il a 
été souligné que le taux de prélèvement d’échantillons de 
selles adéquats est important et qu’une collaboration sera 
engagée avec les pays où ce taux est inférieur au seuil de 
80% pour les aider à apporter les améliorations néces-
saires.


 L’OMS et ses partenaires doivent continuer d’œuvrer au 
renforcement des compétences des agents de terrain et du 
personnel hospitalier, y compris des médecins, pour amélio-
rer leurs capacités de diagnostic et les aider à mieux docu-
menter leurs observations, facilitant ainsi le travail des 
comités chargés d’évaluer les liens de causalité. Des efforts 
supplémentaires de formation et de soutien sont en parti-
culier nécessaires au Bénin pour obtenir une classification 
plus claire des cas et faciliter l’examen des liens de causalité.


 Pour plus de clarté, l’OMS devrait fournir aux comités natio-
naux d’évaluation des liens de causalité un outil d’orientation 
simple et standardisé, par exemple sous forme d’algorithme, 
pour l’identification des cas de MAPI, d’EIIP et de PFA.


 Les données utilisées à titre de référence, par exemple les 
taux de notification de la PFA, seraient plus fiables si elles 
s’appuyaient sur un taux moyen calculé sur plusieurs 
années, plutôt que sur le seul taux de l’année précédente. 
Pour 2020 en particulier, les données risquent d’être peu 
fiables compte tenu de l’impact qu’a eu la pandémie de 
COVID-19 sur les systèmes de surveillance.


 Les données communiquées devraient être harmonisées 
afin que les statistiques récapitulatives des différents pays 
puissent être comparées de manière plus systématique.


 Pendant la phase d’utilisation plus large, il convient que 
le déploiement du nVPO2 ne soit pas trop rapide, car cela 
pourrait entraver la capacité des systèmes de surveillance 
à recueillir les données sur le terrain pour identifier les 
signaux de sécurité, les groupes de cas et d’autres signaux 
préoccupants.


Les membres du GACVS présents à la réunion se sont déclarés 
satisfaits des évaluations et des propositions présentées et ont 
souscrit aux conclusions du sous-comité du GACVS sur le 
nVPO2 concernant l’absence de signaux d’alerte ou de problèmes 
de sécurité. Ils se sont dits pleinement favorables à ce que ces 
recommandations soient soumises au SAGE pour examen et 
approbation lors de sa réunion du 5 au 8 octobre 2021. 
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Main outcomes of the meeting of the WHO Expert Committee on Biological 
Standardization held from 18 to 22 October 2021 


The 74th meeting of the WHO Expert Committee on Biological Standardization (ECBS) was 
held from 18 October to 22 October 2021 by video conference due to travel restrictions 
resulting from the COVID-19 pandemic. In addition to its ongoing work to address urgent 
needs arising from the current pandemic, the ECBS also focused on a wide range of biological 
standardization issues. ECBS members, regulatory authority representatives and subject matter 
experts participated in the meeting from Monday 18 October to Thursday 21 October 2021. An 
open information-sharing session involving all participants, including non-state actors, was 
held on Monday 18 October 2021. All ECBS decisions and recommendations regarding the 
adoption of WHO written standards and the establishment of WHO measurement standards 
were made during a closed session held on Friday 22 October attended only by ECBS members 
and WHO staff. The ECBS also provided advice and recommendations to WHO on a number 
of key strategic issues. A full meeting report will be published in the WHO Technical Report 
Series in 2022. 


The main meeting outcomes included the recommended adoption of the following two WHO 
written standards: 


• Evaluation of the quality, safety and efficacy of messenger RNA vaccines for the
prevention of infectious diseases: regulatory considerations
The unprecedented rapid development and clinical evaluation of messenger RNA (mRNA)
vaccines in response to the COVID-19 pandemic has highlighted the urgent need for WHO
guidance on evaluating the quality, safety and efficacy of such vaccines. The speed with
which candidate mRNA vaccines can be developed makes the technology eminently suited
to the development of vaccines against emerging pathogens during public health
emergencies such as the COVID-19 pandemic. Recent advances in the manufacturing and
stabilization of mRNA have established the approach as an important vaccine technology.
In order to set out the principles for the anticipated licensure of COVID-19 and other
mRNA vaccines this WHO regulatory considerations document was developed and
adopted on the advice of the ECBS. The scope of the document covers the manufacture,
quality control, and nonclinical and clinical evaluation of mRNA vaccines intended for the
prevention of infectious diseases in humans.


• Amendment to the WHO Recommendations to assure the quality, safety and efficacy
of live attenuated yellow fever vaccines
Highly effective live attenuated yellow fever vaccines have been in use since the late 1930s
and a wealth of data is available on their safety. However, rare serious adverse reactions
associated with their use include neurological and viscerotropic disease. It is therefore
crucially important to assess the levels of neurotropism and viscerotropism exhibited by
new virus master or working seeds compared to those exhibited by vaccines shown to be
clinically safe. Appendix 2 of the current WHO Recommendations to assure the quality,
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safety and efficacy of live attenuated yellow fever vaccines sets out how virus master and 
working seed lots should be tested in non-human primates. Following observed 
discrepancies in clinical scoring during the assessment of working seed lots in non-human 
primates, a request was made to WHO to amend the current guidance. The ECBS 
concurred with this request and recommended the adoption of the correspondingly 
amended Appendix 2. 


 
As shown in Table 1, the ECBS also established five new WHO international reference 
materials and four replacement WHO international reference materials. The ECBS also 
endorsed 10 proposals for future new or replacement international reference materials. 
 
Table 1 
WHO international reference materials established by the ECBS in October 2021 
 


Material Unitage Status 


Biotherapeutics other than blood products 


Follicle-stimulating 
hormone (human, 
recombinant) for bioassay 


137 IU/ampoule Third WHO International Standard 


Blood products and related substances 


von Willebrand factor 
concentrate 


VWF:Ag       12.0 IU/ampoule 
VWF:RCo      8.7 IU/ampoule 
VWF:CB         9.8 IU/ampoule 
VWF:GPIbR   8.6 IU/ampoule 
VWF:GPIbM  7.3 IU/ampoule 


Third WHO International Standard 


Ferritin (human, 
recombinant) 


10.5 μg/ampoule 
Expanded uncertainty limits = 
10.2–10.8 μg/ampoule 
(95% confidence; k = 2.23) 


Fourth WHO International Standard 


In vitro diagnostics 


Mycobacterium 


tuberculosis (H37Rv) 
DNA for NAT-based 
assays 


6.3 log10 IU/vial First WHO International Standard 


Varicella zoster virus 
DNA for NAT-based 
assays 


7.0 log10 IU/vial First WHO International Standard 


Anti-Lassa fever virus 
antibodies 


25 IU/ampoule for neutralizing antibody 
250 IU/ampoule for anti-GP binding IgG 
250 IU/ampoule for anti-NP binding IgG 


First WHO International Standard 


Anti-Lassa fever virus 
antibodies 


[No unitage assigned] First WHO International Reference Panel 


Anti-thyroid peroxidase 
antibodies 


555 IU/ampoule First WHO International Standard 


Vaccines and related substances 
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Diphtheria antitoxin 
equine 


57 IU/ampoule Second WHO International Standard 


 
In addition to recommending the adoption of the two written standards and the establishment 
of the nine reference preparations shown above, the ECBS also discussed the following: 
 
1. The ECBS was updated on WHO COVID-19 activities in the context of the three pillars of 


the WHO Access to COVID-19 Tools (ACT) Accelerator initiative. With regard to the 
therapeutic pillar, two WHO guidance documents on monoclonal antibodies were now 
being developed. The first of these focuses on manufacturing aspects and was currently the 
subject of public consultation, while the second will focus on the nonclinical and clinical 
evaluation of monoclonal antibodies used against infectious diseases. With regard to the 
ACT Accelerator vaccine pillar (COVAX) the adoption of the mRNA vaccines document 
described above will be followed by the finalization of a manual on the development of 
secondary antibody standards – of crucial importance in meeting the demands arising from 
the clinical evaluation of COVID-19 vaccines. This resource will form part of focused 
WHO technical support to the users of WHO standards including through the conducting 
of webinars on their intended use. Efforts are also under way to further inform and support 
the scientific and regulatory community with respect to the need to express neutralization 
assay results from clinical trials in IU as a common yardstick in efforts to define correlates 
of protection. Support to the diagnostic pillar of the ACT Accelerator is being provided 
through the ongoing development of the SARS-CoV-2 antigen standard for rapid diagnostic 
testing that was endorsed by the ECBS in December 2020. A collaborative study will be 
conducted in late 2021 and early 2022 with the aim of submitting a proposal to the ECBS 
for the establishment of the antigen standard in 2022. 


 
2. With regard to other upcoming measurement standards relevant to the COVID-19 response, 


the ECBS was informed that unprecedented demand for the recently established First WHO 
International Standard for anti-SARS-CoV-2 immunoglobulin had resulted in its rapid 
depletion. The ECBS endorsed a proposal to develop a replacement standard while 
recognizing the challenge of sourcing a suitable replacement material. The ECBS also 
endorsed a further proposal to develop a panel of reference sera specific for SARS-CoV-2 
variants of concern that could be expanded should new variants emerge. The panel will 
facilitate development of the essential serological assays needed to study the impact of new 
variants on the efficacy of existing vaccines and therapeutics. 


 
3. There is currently little evidence to support the use of COVID-19 convalescent plasma in 


the treatment of moderate to severe COVID-19, and uncertainty exists regarding its 
potential utility in treating mild or asymptomatic COVID-19 infection. The ECBS was 
presented with the conclusions of a recently published Cochrane living systematic review 
and noted that this was a developing field with many studies still ongoing and firm 
conclusions on the efficacy of this approach in different subgroups of patients yet to be 
reached. 


 
4. A newly established WHO Advisory Group on Blood Regulation, Availability and Safety 


(AG-BRAS) was formed in response to the need of WHO for wide-ranging guidance from 
experts both in blood regulation and transfusion medicine. The establishment of the new 
advisory group reflects the need for suitable diversity of expertise and experience, and for 
balanced representation from all six WHO regions, to support delivery of the WHO Action 
framework to advance universal access to safe, effective and quality-assured blood 
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products 2020–2023. The ECBS acknowledged the many contributions made over the years 
by the Blood Regulators Network (BRN) in strengthening harmonization and standards in 
blood product safety and quality, and noted that the role of the BRN would now be assumed 
by AG-BRAS going forward. The ECBS expressed its support for the new advisory group 
and anticipated its furthering of progress in this area. 


 
5. The ECBS was updated on the development of a white paper setting out a regulatory 


framework for cellular, tissue and gene therapies. The principal objective of the white paper 
would be to develop a common language and risk-based classification for these highly 
complex products, including the subset of these products commonly referred to as advanced 
therapy medicinal products. The white paper is expected to facilitate regulatory 
convergence and stimulate dialogue between countries on appropriate measures to improve 
worldwide access to these products. A first round of public consultation in late 2021 would 
provide an opportunity for all stakeholders to comment on the proposed document. The 
ECBS expressed its strong support for the development of the white paper and further noted 
that this once again highlighted the inevitable proliferation of these increasingly complex 
and challenging products – several of which have already come before ECBS for its 
consideration. Without additional specialized expertise in this area providing WHO with 
fully informed guidance in this field will present a significant challenge. WHO was 
therefore urged to consider expanding the expertise of the ECBS and of its own biologicals 
team to provide the specialist knowledge needed to address the formidable regulatory and 
other challenges associated with this complex class of biological product. 


 
6. The ECBS expressed its concern with regard to potential upcoming changes to the United 


Kingdom’s National Institute for Biological Standards and Control (NIBSC). NIBSC is the 
foremost WHO collaborating centre in the development of WHO international reference 
materials for biological products and its activities are pivotal not only to the work of the 
ECBS but to the advancement of regulatory science worldwide. In addition, the role played 
by NIBSC in developing and distributing WHO international reference materials is vital in 
ensuring the national licensing and release of a huge range of much-needed diagnostics, 
vaccines, biotherapeutics and other biological products. Without the contribution made by 
NIBSC the hard won gains in improving access to vital medicines in some of the poorest 
countries in the world will be jeopardized and the prospect of achieving many of the goals 
and targets of internationally agreed initiatives such as the sustainable development goals 
will be materially damaged. The Committee strongly agreed with a proposal that WHO 
send as matter of urgency a letter to the appropriate national decision-making body in the 
UK setting out in the clearest possible terms the paramount importance of the work of 
NIBSC in achieving the global health aspirations of the international community. 


 
The next meetings of the ECBS are scheduled for 4–8 April and 24–28 October 2022. 
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Guidance documents published by the World Health Organization (WHO) are intended to be 
scientific and advisory in nature. Each of the following sections constitutes regulatory 
considerations for national regulatory authorities (NRAs) and for manufacturers of biological 
products. 
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Abbreviations 
 
AESI   adverse events of special interest 


COVID-19  coronavirus disease 2019 


DNA   deoxyribonucleic acid 


DNase   deoxyribonuclease 


dsRNA  double-stranded RNA 


GMP   good manufacturing practice(s) 


HPLC   high-performance liquid chromatography 


ICH   International Council for Harmonisation of Technical Requirements 
for Pharmaceuticals for Human Use 


IU   International Unit(s) 


IVT   in vitro transcription 


LNP   lipid nanoparticle 


mRNA   messenger RNA 


NRA   national regulatory authority 


ORF   open reading frame 


PCR   polymerase chain reaction 


PEG   polyethylene glycol 


PEGylation  polyethylene-glycol-ylation 


RNA   ribonucleic acid 


RT-PCR  reverse transcription polymerase chain reaction 


sa-mRNA  self-amplifying mRNA 


SARS-CoV-2  severe acute respiratory syndrome coronavirus 2 


tRNA   transfer RNA 


UTR   untranslated region 


WHO   World Health Organization 
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1. Introduction 
 
Although the immunostimulatory effects of RNA have been known since the early 1960s (1), 
the possibility of using direct in vivo administration of in vitro transcribed messenger RNA 
(mRNA) to temporarily introduce genes expressing proteins (including antigens) was 
demonstrated in 1990 following the direct injection of “naked” nucleic acids (2). Subsequent 
improvements in stabilizing mRNA, increasing the feasibility of manufacturing RNA-based 
products and decreasing RNA-associated inflammatory responses have led to significant 
advances in the development of mRNA vaccines and therapeutics (3–6). There are several 
reasons why the mRNA platform has emerged at the forefront of vaccine technology. Among 
these are the rapid speed at which mRNA candidate vaccines can be constructed and 
manufactured, and the need to rapidly develop vaccines against emerging pathogens, such as 
zoonotic influenza virus strains, Zika virus and most recently severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2), the causative agent of coronavirus disease 2019 
(COVID-19). 


A number of publications have now discussed some of the safety, production and 
regulatory issues associated with this new technology (7–12). In addition, the rapidity with 
which clinical trials have progressed for COVID-19 candidate vaccines, their approval or 
authorization by NRAs and subsequent widespread use have created a pressing need for 
WHO guidance on evaluating the quality, safety and efficacy of mRNA products used for the 
prevention of infectious diseases in humans. Such evaluations must take into account: (a) the 
inherent immunological, physiochemical and structural properties of mRNA; (b) the need for 
special formulations such as lipid nanoparticles (LNPs) to ensure in vivo stability and 
efficient delivery; and (c) the novel cell-free enzymatic manufacturing process. Because 
detailed information is not yet available on the methods used for production, controls are not 
yet standardized for safe and efficacious mRNA vaccines, and certain details remain 
proprietary and thus not publicly available, it is not feasible to develop specific international 
guidelines or recommendations at this time. Consequently, flexibility in the scientific 
approach to regulating mRNA vaccines is currently needed. The detailed production and 
control procedures, as well as any significant changes in them that may affect the quality, 
safety and efficacy of mRNA vaccines, should be discussed with and approved by the NRA 
on an individual case-by-case basis. Nevertheless, the key principles described in this 
document are applicable to the class of preventive mRNA vaccines against infectious 
diseases for human use in general and are intended to provide guidance until more detailed 
information becomes available. For mRNA vaccines that target diseases for which there are 
existing vaccines and corresponding WHO guidance, it may be appropriate to consider the 
relevant sections of this document for issues specific to mRNA vaccines in conjunction with 
the corresponding Part B (nonclinical evaluation) and Part C (clinical evaluation) of the 
respective WHO Recommendations and Guidelines for guidance on issues specific to the 
evaluation of vaccines against that disease (13). 


Any given manufacturer’s mRNA vaccines might potentially be viewed as a platform 
technology in which the coding region can readily be changed without necessarily having to 
change the manufacture or control of the resulting new product (except for antigen-specific 
tests for identity, potency and stability). However, this will depend on the resulting 
characteristics of the final vaccine. If significant changes are made to the final vaccine, 
resulting in changes to the critical quality attributes as well as subsequent cellular interaction, 
then further consideration of the manufacturing process, controls and testing of the product 
will be required. 


The WHO Expert Committee on Biological Standardization discussed these and 
related issues at its meetings in August and December 2020, and expressed its support for the 
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development of a WHO guidance document on regulatory considerations in the evaluation of 
mRNA vaccines, which could be updated as more scientific and clinical data on this novel 
product type became available (14, 15). 
 
2. Purpose and scope 
 
This document provides information and regulatory considerations regarding key aspects of 
the manufacture and quality control, and nonclinical and clinical evaluation, of preventive 
mRNA vaccines against infectious disease for human use. Sufficient information should be 
provided as is phase-appropriate, and is expected to increase as product development 
advances. Although the most advanced vaccines of this type are COVID-19 vaccines and are 
used as examples in the text, the document should not be taken as providing guidance specific 
only to COVID-19 vaccines. However, in light of the current COVID-19 pandemic and 
corresponding speed of mRNA vaccine development, the document is intended to provide 
special considerations for this type of preventive mRNA vaccine as rapidly as possible. It 
should nevertheless be noted that there remain gaps in the scientific understanding of the 
types and amount of immunogenicity that any given mRNA vaccine might need to achieve 
for it to be successful, broadly relevant and durably efficacious against the disease it is 
intended to prevent. Each vaccine will therefore need to be evaluated in terms of its own 
benefits and risks. 


Because mRNA vaccines are novel and differ from other types of vaccines (even 
other nucleic acid vaccines such as plasmid DNA vaccines), a short introduction to mRNA-
vaccine-specific topics is provided where deemed useful. Due to the novelty of mRNA 
vaccines and their manufacturing process, a comprehensive approach has been taken to 
ensure that all relevant aspects can be considered by manufacturers when developing this 
type of product, and by regulators when evaluating such products. 


The scope of the current document is limited to mRNA and self-amplifying mRNA 
(sa-mRNA) packaged in LNPs for in vivo delivery of the coding sequences of a target 
antigen relevant to active immunization for the prevention of an infectious disease. It is 
acknowledged that mRNA and sa-mRNA products in formulations other than LNPs are also 
in development, and parts of this document may be applicable to those products as well. 


Replicating agents, viral vectors and RNA replicons packaged in viral proteins or 
encoded by plasmid DNA are outside the scope of this document. In addition, mRNA and sa-
mRNA products intended for therapeutic purposes (that is, products for the treatment, 
mitigation or cure of diseases, including infectious diseases, as opposed to active 
immunization for their prevention) are also outside the scope of this document. In addition, 
mRNA products expressing monoclonal antibodies (whether serving as passive immunization 
for disease prevention or therapy) are also outside the scope of this document. It may be the 
case that some aspects discussed in section 6 and its subsections do apply to mRNA-based 
therapeutic products (including those expressing monoclonal antibodies), as the 
manufacturing steps of such products may be similar to those described for vaccines. 
However, because the nonclinical and clinical evaluations of such therapeutic products would 
need to be based on their therapeutic indication, it is not feasible to include regulatory 
considerations for them within this document. 


As there may be a need to develop multivalent mRNA vaccines or to change the 
existing vaccine strain for some pathogens (for example, influenza viruses or SARS-CoV-2), 
specific considerations are provided in this document where appropriate. In addition, any 
general WHO guidance of relevance should also be consulted; a number of WHO documents 
providing such guidance are listed below in section 4. 
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Because regulatory pathways for emergency use authorization vary and not all NRAs 
have such pathways, approval for emergency use is also outside of the scope of the document. 
However, suggestions are provided, where possible, for rapid vaccine development in the 
case of priority pathogens during public health emergencies (see sections 7.3 and 8.3 below). 


This document has been developed in light of the available knowledge to date. Given 
that this is a dynamic field, both in terms of vaccine manufacturing technologies and clinical-
trial design, this document should be read in conjunction with other relevant recent guidance, 
including WHO disease-specific guidelines and recommendations, if available. 
 
3. Terminology 
 
The definitions given below apply to the terms as used in this document. These terms may 
have different meaning in other contexts. 


Adjuvant: a substance intended to enhance the relevant immune response and 
subsequent clinical efficacy of a vaccine. 


Biological (or biological product): a medicine produced by a biological system, as 
opposed to strictly chemical reactions. These include traditional biologicals (such as live 
vaccines) and biotechnologically produced medicines (such as monoclonal antibodies or 
subunit vaccines such as human papillomavirus vaccines). In other documents, these may be 
referred to as biologics or biological medicines. 


Candidate vaccine: an investigational vaccine that is in the research and clinical 
development stages and has not been granted marketing authorization or licensure by a 
regulatory agency in the country in which such authorization or licensure will be sought. 


Design of experiments: a structured, organized method for determining the 
relationship between factors affecting a process and the output of that process. 


Drug product: see final vaccine. 
Drug substance: the purified mRNA before final formulation. It is prepared as a 


single homogeneous production batch, kept in one or more containers designated as such and 
used in the preparation of the final dosage form (final vaccine or drug product). 


Double-stranded RNA (dsRNA): some viruses have genomes comprising fully 
double-stranded RNA along their entire length rather than in distinct segments (such as the 
secondary structure of mRNA). If present, such dsRNA is sensed by intracellular receptors 
and can activate innate immune responses. Depending on the manufacturing method, dsRNA 
can be generated as a by-product during the in vitro transcription (IVT) manufacturing 
process for some mRNA vaccines, though some segments may be single stranded. This type 
of dsRNA is an impurity that should be removed from the mRNA during the manufacturing 
process, or its amount in the product at least determined and controlled. If the manufacturing 
method does not produce dsRNA, then the control of this as an impurity is unnecessary. 


Engineering run: a manufacturing campaign conducted to engineer manufacturing 
methods in order to improve or confirm those methods for use in good manufacturing 
practice (GMP)-compliant production. The materials made in such a campaign are not 
intended for use in humans. 


Excipient: a constituent of a medicine other than the active drug substance, added in 
the formulation for a specific purpose. While most excipients are considered inactive, some 
can have a known action or effect in certain circumstances. The excipients must be declared 
in the labelling and package leaflet of the medicine to ensure its safe use. In the context of the 
current document, the lipids that form the LNPs are excipients but the LNPs if formed 
separately from the mRNA are defined as intermediates in the production of the drug 
product. 
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Final formulated bulk: an intermediate in the manufacturing process of the final 
vaccine, consisting of a homogeneous preparation of the final formulation of drug 
substance(s) and excipients at the concentration to be filled into final containers. 
Alternatively, the final formulated bulk may be stored at a higher concentration and diluted 
immediately prior to filling. In the context of this document, the term refers to mRNA 
formulated with LNPs and other excipients as needed. Note that if more than one drug 
substance is to be combined (as in a multivalent or combination vaccine), their mixing would 
occur as part of the preparation of this final formulated bulk. 


Final lot: a collection of sealed final containers that is homogeneous with respect to 
the composition of the product and the avoidance of contamination during filling. A final lot 
must therefore have been filled from a final formulated bulk in one continuous working 
session. A final formulated bulk might be filled into more than one final lot. 


Final vaccine (or drug product): a final dosage form (for example, a vialled frozen 
or liquid suspension or lyophilized cake) that contains one or more drug substances (active 
ingredient) typically formulated with excipients and packaged for use. In the context of this 
document, the term refers to a preparation of mRNA formulated with LNPs and other 
excipients that is filled into final containers. If filled in concentrated form or lyophilized, a 
diluent is needed. Otherwise, the final containers should be filled at the concentration for the 
clinical dose (though each container might contain multiple doses). Also referred to as 
“finished product” in other documents. 


Good manufacturing practice (GMP): a system that ensures that products are 
consistently produced and controlled to the quality standards appropriate to their intended use 
and as required by the marketing authorization. 


Immunogenicity: the capacity of a vaccine to elicit a measurable adaptive immune 
response against a target antigen(s). 


In vitro transcribed mRNA: the product of a manufacturing process whereby 
mRNA is generated in vitro from a linear DNA template using a DNA-dependent RNA 
polymerase enzyme (for example, a T7, T3 or Sp6 phage RNA polymerase) and nucleoside 
triphosphates or modified nucleoside triphosphates. 


Lipid nanoparticle (LNP): a delivery formulation consisting of various lipid 
components to ensure that the mRNA is stabilized and encapsulated, for example, to avoid 
extracellular degradation and to facilitate its uptake into cells and release into the cytosol. 
The lipid components may include, but are not limited to, an ionizable/cationic lipid, a helper 
lipid (for example, phospholipids and/or cholesterol) and a lipid(s) modified for example by 
polyethylene-glycol-ylation (PEGylation). The LNPs and/or lipid components may also have 
adjuvant activity. 


Marketing authorization or approval: a formal authorization for a medicine 
(including vaccines) to be marketed. Once an NRA approves a marketing authorization 
application for a new medicine (different NRAs may use different terms for such 
applications), the medicine may be marketed and may be available for physicians to prescribe 
and/or for public health use (also referred to as product (drug or biological) licensing, product 
authorization or product registration). Once authorized or approved, the new medicine must 
be manufactured, controlled and labelled as described in the authorization or approval file. 


Messenger RNA (mRNA): a single-stranded RNA molecule that is translated in the 
cytoplasm of a cell into the protein that it encodes. It contains one or more open reading 
frames (ORFs) that encode the protein (in the case of vaccines, the target antigen), flanking 
untranslated regions (UTRs), a 5′ cap (or alternative) and a 3′ sequence such as a poly(A) tail. 


Mode-of-action and mechanism-of-action: the manner in which the adaptive 
immune response elicited by the vaccine protects against the pathogen at the cellular (mode) 
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or molecular (mechanism) level – for example, neutralization by neutralizing antibodies, 
opsonization by opsonizing antibodies or cytotoxicity by T cells. 


Modified nucleosides: naturally occurring modified nucleosides (such as 
pseudouridine) that can be substituted for the usual nucleoside (in this case, uridine) when 
making mRNA vaccines, with a resultant potential decrease in inflammatory activity and/or 
increased in vivo stability. Another type of modification is methylation. Nucleosides used to 
manufacture mRNA vaccines might also contain unnatural modifications. 


mRNA integrity: the proportion of the mRNA that is the correct size and contains the 
5′ cap and poly(A) tail. In addition, the correct sequence of the mRNA should be confirmed. 


Novel excipient: an excipient (for example, a lipid) not used before in any medicine 
approved or licensed for human use or, if previously used in an approved or licensed 
medicine for human use, then not using the same route of administration (and/or present at a 
higher concentration) as that approved or licensed. The word “novel” is used in this same 
way to describe other terms used in this document. 


Platform technology: a group of technologies used as a base upon which other 
applications, processes or technologies are developed. In the context of mRNA vaccines, a 
given manufacturer might have one or more platforms on which they will develop vaccines 
(or therapeutics) against various diseases (separate individual vaccines or a combination 
vaccine) or pathogen strains against the same disease (separate monovalent or mixed 
multivalent vaccines). The term could also be applied to a particular drug-delivery system 
(such as LNPs containing the mRNA) where identical lipids, concentrations, methods of 
preparation and purification and so on are used. Use of the term “platform technology” would 
be considered appropriate when: (a) the manufacturing methods are essentially unchanged 
(but may be optimized for each specific candidate vaccine); (b) the test methods (except for 
identity, potency and stability) and acceptance criteria are unchanged; (c) the 
immunomodulatory compounds or elements are unchanged; and (d) compliance with GMP is 
unchanged. One implication of the use of platform technology to develop new candidate 
vaccines is that the experience and knowledge gained, data generated (manufacturing, control, 
stability and nonclinical) and validation of unchanged methods can all be used as supportive 
data for the more rapid assessment and development of a new candidate vaccine. Clinical and 
nonclinical data from the platform in terms of safe starting doses or tolerable doses might 
also be supportive of initiating clinical trials of the new candidate vaccine at doses already 
known to be tolerable with the platform. If aspects of the platform technology have been 
changed, along with the mRNA sequence, then justification should be provided as to why 
data generated with the original platform should be considered supportive of the new 
candidate vaccine. Because the production and control methods used for mRNA vaccines are 
not yet standardized between manufacturers, information from other manufacturers would not 
be supportive of a platform technology. Such information may be considered to be similar to 
that for a product class and evaluated as being supportive if justification is provided and 
compelling. Furthermore, flexibility in the scientific approach to regulating mRNA vaccines 
is justified because of the current lack of standardization even in the face of platform 
technology use. As always, an individual case-by-case approach is justified and should be 
discussed and agreed with the relevant NRA(s). 


Self-amplifying mRNA (sa-mRNA): an mRNA vaccine that in addition to encoding 
the desired antigen(s) also encodes nonstructural proteins of certain viruses (such as 
alphaviruses), either on the same molecule as the antigen or on a separate molecule. When 
expressed intracellularly, these ORFs produce the proteins of the viral replication machinery 
thus enabling the cell to produce multiple copies of the mRNA encoding the antigen protein. 
The goal of sa-mRNA is to increase the in vivo potency of the mRNA vaccine by increasing 
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the amount of protein antigen made. Other designations have been given to this form of 
mRNA vaccine but in this document the term sa-mRNA will be used. 


Target antigen(s): the protein(s) or portion thereof, encoded within the mRNA of an 
mRNA vaccine, for which an immune response to vaccination is expected to result in 
protection against one or more pathogens or strains. That is, protection against disease (or 
infection) caused by a pathogen(s) may be conferred by the resulting immune response 
against the target antigen(s) following vaccination. 


Therapeutic: a treatment given after a disease or condition (or signs or symptoms 
thereof) is evidenced, in contrast to the prevention of disease before exposure (or in rare cases 
following exposure but before the onset of signs or symptoms) to the infectious pathogenic 
organism has occurred. Although preventive vaccines are not considered to be therapeutic in 
this document, it is acknowledged that the definition of therapeutic in some regulatory 
jurisdictions may differ. Therapeutics as defined here are outside the scope of the current 
document. 


Transfer RNA (tRNA): an RNA molecule used by ribosomes and that acts as an 
adaptor involved in translating the codons of the mRNA into a protein. 
 
4. General considerations 
 
As with all vaccines, the intended clinical use of the mRNA vaccine should be described, 
including the pathogen targeted, the target antigen(s) chosen, disease to be prevented and the 
target population(s). Given the novel structure and manufacturing of mRNA candidate 
vaccines (in contrast to other already licensed vaccine types with which regulators are 
familiar), consideration should be given to the following when evaluating mRNA vaccines 
for their quality, safety and efficacy: 
 


 In particular, the relevant biological characteristics of the specific mRNA 
technology used should be described – including for example the capability of the 
given mRNA to trigger innate immune responses as well as target-antigen-specific 
responses; the quality, quantity and bias of the immune responses (for example, 
type 1 T-helper (Th1) or Th2 cell phenotype); and in vivo stability. To justify the 
vaccine design, all available information on the type of immunity (protective and 
immunopathogenic) considered relevant to the specific pathogen and disease 
should also be described. 


 The rationale for the selection of the target antigen(s) or parts thereof and of any 
proteins (for example, cytokines) that are encoded, as well as their contribution to 
the proposed mode- or mechanism-of-action (proposed protective process) of the 
vaccine, should be clearly described. Likewise, the rationale for the selection of 
any coding sequences added to or any modification of the target antigen, such as 
those to ensure the folding of the target antigen into a particular conformation, 
should be provided. The complete annotated sequence identifying all ORFs 
(including any unexpected ORFs) and all other sequence elements (including their 
justification for use) should be provided. Justifications for the use of any specific 
or specially designed noncoding sequence (including poly(A) tail) and of 
structural elements (such as the chosen 5′ cap structure or alternative) should be 
provided. With regard to sa-mRNA, any viral replicon genes encoded in the 
vaccine construct to allow amplification of the mRNA in human cells after 
delivery should be described in detail. The anticipated function and purpose of 
each gene sequence encoded in the mRNA should be indicated, as well as those of 
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specific noncoding and structural elements, explaining their contribution to the 
overall mode- or mechanism-of-action. 


 The formulation of the final vaccine product and all excipients (including all 
components used for the generation of LNPs) should be described. An appropriate 
rationale for the proposed composition of the final vaccine and inclusion of 
excipients should be provided. Information on the method of production of the 
LNPs and the final vaccine (drug product) including information on the critical 
quality attributes of the intermediates and final product, their in-process controls 
and any sterilization procedure should also be provided. Toxicological and 
immunogenicity data on the LNP should also be provided. 


 For each novel excipient (see Terminology for definition) detailed information on 
the rationale for its inclusion, the method of production (including details and 
controls on the starting materials, intermediates and raw materials) and data from 
nonclinical and/or human clinical studies on its safety and, if required by a given 
NRA, on its safety pharmacology (see section 7.2.d below) should be provided. 


 The intended dosing, the route of administration, and a description and 
justification of any novel administration device as well as any required diluent 
should be provided. Relevant compatibility studies should be performed where 
necessary. 


 Although any given manufacturer’s mRNA vaccine product may be considered to 
be produced by a platform technology if only the target antigen sequence is 
changed, the control, nonclinical testing and clinical development of each vaccine 
should be considered individually, and any special features of that candidate 
vaccine taken into account. Early consultation with the NRA(s) will be key to 
ensuring the efficient development of any given candidate vaccine. 


 With regard to the development of combination or multivalent candidate vaccines, 
noting the development of precedents might be helpful. Relevant examples might 
include: (a) seasonal influenza virus vaccines, which are both multivalent and 
undergo annual strain changes; (b) human papillomavirus vaccines such as the 
quadrivalent vaccine that was changed after initial approval to a nonavalent (that 
is, nine-valent) vaccine, trivalent poliomyelitis vaccines, multivalent rotavirus 
vaccines and multivalent pneumococcal vaccines, which are used against different 
strains that cause the same (or related) disease(s); or (c) diphtheria and tetanus-
toxoid-containing vaccines or measles, mumps and rubella vaccines, which are 
combination vaccines used against different disease targets. Available guidance on 
the development of combination vaccines against multiple diseases may also be 
considered. 


 
The current document should be read in conjunction with other relevant WHO 


guidelines such as: 
 


 WHO guidelines on nonclinical evaluation of vaccines (16); 
 Guidelines on the nonclinical evaluation of vaccine adjuvants and adjuvanted 


vaccines (17); 
 Guidelines on clinical evaluation of vaccines: regulatory expectations (18); 
 WHO good manufacturing practices for pharmaceutical products: main principles 


(19); 
 Good manufacturing practices: supplementary guidelines for the manufacture of 


pharmaceutical excipients (20); 
 WHO good manufacturing practices for biological products (21); 
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 WHO good manufacturing practices for sterile pharmaceutical products (22); 
 Guidelines for good clinical practice (GCP) for trials on pharmaceutical products 


(23); 
 WHO Guidelines on transmissible spongiform encephalopathies in relation to 


biological and pharmaceutical products (24); 
 Guidelines on stability evaluation of vaccines (25); 
 Model guidance for the storage and transport of time- and temperature-sensitive 


pharmaceutical products (26); 
 Guidelines on the stability evaluation of vaccines for use under extended 


controlled temperature conditions (27); 
 Guidelines for independent lot release of vaccines by regulatory authorities (28); 
 Guidelines on procedures and data requirements for changes to approved vaccines 


(29); and 
 WHO Policy Statement: multi-dose vial policy (MDVP). Handling of multi-dose 


vaccine vials after opening (30). 
 
5. Special considerations 
 
The mRNA of vaccines that are currently the most advanced in terms of clinical development 
or that are currently in widespread use against COVID-19 is produced enzymatically rather 
than biologically within a cell. This approach thus differs from the production of most other 
biologicals with which manufacturers and regulators are familiar (1, 31). Manufacturing 
either starts with linearized DNA plasmids that have been produced in bacteria (similar to the 
way in which biologicals such as plasmid DNA vaccines are produced) or with a linear DNA 
molecule produced enzymatically using the polymerase chain reaction (PCR) or other 
synthetic methods. Regardless of whether the manufacture of the RNA starts with a linearized 
molecule generated from a plasmid DNA or from an already linear DNA sequence, mRNA 
production occurs enzymatically in vitro by means of a DNA-dependent RNA polymerase 
that transcribes the linear DNA template into an mRNA molecule. The mRNA sequence 
generally consists of the usual elements of cellular mRNA, such as the coding region, 5′ and 
3′ untranslated regions (UTRs) that regulate mRNA translation, a 5′ cap and a 3′ poly(A) tail. 


The nucleotides used in manufacture may contain naturally occurring nucleosides or 
modified or synthetic nucleosides (3, 8). Examples of alterations that might be made to the 
naturally occurring nucleoside include the use of pseudouridine or N1-methylpseudouridine 
in place of uridine (3, 4, 32). In addition, altering or optimizing codon use (without changing 
the encoded amino acids) may impact in vivo stability and enhance in vivo translation of the 
mRNA in humans (for example, for translation by transfer RNAs (tRNAs) more frequently 
found in human cells). Alternatively, codons may be selected for more infrequent tRNAs in 
order to slow translation of the protein, thus permitting desired protein folding. Some changes 
to the mRNA are designed both to increase its in vivo stability and to moderate activation of 
the innate immune system (4). Depending on the clinical indication, it may be desirable to 
decrease innate immune responses that might lead to inflammatory reactogenicity in vivo (3, 
4, 32). For some preventive vaccines, some of the innate immune response may be 
considered useful for augmenting the desired adaptive immune response, and the mRNA may 
be designed accordingly. The gene sequence encoding the target antigen should contain start 
and stop codons and be flanked by 5′ and 3′ UTRs and generally have a 5′ cap and a 3′ 
poly(A) tail. The cap can be added to the mRNA enzymatically or during in vitro 
transcription (IVT) using appropriate cap analogues. Likewise, the 3′ poly(A) tail can be 
encoded in the DNA template or added enzymatically after IVT. These design features can 
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impact the critical quality attributes, the manufacturing methods and the control testing of the 
mRNA drug substance(s) and/or the final vaccine drug product. 


Of relevance to considerations of the safety and efficacy of mRNA vaccines are the 
structures adopted by the RNA in the vaccine product. Unlike DNA, which is normally 
double stranded, RNA is often represented diagrammatically as being single stranded. 
However, depending on its sequence, RNA can form a complex structure consisting of short 
double-stranded segments with various single-stranded loops in between. The reason this is 
relevant is that double-stranded RNA (dsRNA) is a form taken by the genome of some RNA 
viruses and can induce cells to trigger immune reactivity as an innate response to viral 
infection. However, endogenous cellular mRNA does not induce such an effect despite 
containing partial double-stranded segments. The in vivo effects, including potential 
triggering of innate immunity, of an mRNA candidate vaccine should therefore be 
characterized and addressed in the vaccine design, nonclinical studies and clinical trials. 


RNA-based products can take different forms. The most advanced candidate vaccines 
and the widely used COVID-19 vaccines take the form of mRNA encoding the target antigen 
(33, 34). Because mRNA (and RNA in general) is subject to degradation by nucleases, the 
most advanced mRNA candidate vaccines and widely used COVID-19 vaccines at the time 
of writing are formulated in LNPs, which aids in vivo stability and delivery (31, 35–41). 
There are different types of LNPs depending on their composition, the types of lipids 
employed and the manufacturing process used (42). Some may not yet have been employed 
for the delivery of mRNA (43–46). Other stabilizing and delivery systems using polymer and 
polypeptide, as well as other lipid-based systems or combination of polymer and lipid-based 
systems, may be developed for mRNA delivery in the future. These drug delivery systems 
could also be surface modified for tailored cellular interactions, where necessary. 


It is important to note that the drug substance is the mRNA(s). The lipids which form 
the LNPs are excipients of the final vaccine or drug product. The manufacture of LNPs from 
the different lipids is part of the drug product manufacturing process. It is acknowledged that 
some LNPs, depending on their composition, may also have immunomodulatory effects (45–
48) and some lipids may act as adjuvants without being formulated as LNPs. Nonetheless, 
vaccine adjuvants, which are immunomodulating to the vaccine, are also considered to be 
excipients. Similarly, as discussed above, RNA itself can be immunomodulating. 
Consequently, both components (the mRNA and the lipids in the LNPs) may contribute to the 
mode-of-action of the vaccine and the implications of this need to be considered in the 
critical quality attributes and in the nonclinical and clinical evaluations. 


Some candidate vaccines may contain various mRNAs encoding different antigens. 
Examples include multiple antigens from the same pathogen, the same antigen representing 
different strains or serotypes of the same pathogen, or multiple antigens from different 
pathogens. Such vaccine development is not without precedent – as discussed above in 
section 4. As with other combination or multivalent vaccines, each mRNA would be 
considered to be a separate drug substance that will be combined into a final drug product. 
Also, as with other combination or multivalent vaccines, the amount of mRNA for each target 
antigen, the expression efficiency of each and the resulting immune responses, must be 
balanced against the other(s) in order to avoid interference with the expression of (and thus 
immune responses to) all the target antigens, and to ensure the necessary strain- or antigen-
specific immune responses to the total vaccine. Furthermore, consideration should be given to 
ensuring an adequate dose of mRNA for each target antigen using appropriate nonclinical 
toxicity studies to evaluate the highest tolerable total mRNA and LNP doses, and if 
applicable, justified by previous clinical experience. See sections 7.3 and 8.1 below for 
further discussion of this point. 
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Additional consideration should also be given to the manufacture, control and stability 
of combination or multivalent vaccines to ensure appropriate quality control of each drug 
substance and the drug product and to ensure the suitability of the analytical procedures used 
to control each mRNA component (that is, each drug substance) in the final vaccine. 


Interactions between the mRNA and the LNPs may vary depending on the length and 
secondary structure of the mRNA, as well as the lipid composition of the LNPs. Therefore, 
the particle size, morphology, surface properties (for example, charge) and encapsulation 
efficiency of the resultant LNPs containing the mRNA could vary when a different mRNA is 
used. Consideration of the critical quality attributes and physicochemical properties of both 
the mRNA and the LNPs is therefore necessary to provide an understanding of the desirable 
properties of the final vaccine. 


Some candidate products contain the components needed to permit the mRNA 
vaccine to be self-amplifying (so-called self-amplifying mRNA or sa-mRNA) (8, 36, 49). 
These products include the gene sequences for replicon proteins (to date, from alphaviruses) 
in addition to the target antigen, either on the same or a different mRNA molecule. As a 
result, the mRNA coding for the antigen can be replicated in vivo, leading to increased 
expression of the target antigen. Current sa-mRNAs are also formulated in LNPs (36). There 
may be implications for vaccine safety and efficacy due to the design of the sa-mRNA if the 
target antigen is encoded either on a separate mRNA molecule or on the same molecule as the 
replicon gene sequences. For example, the particle size and morphological characteristics of 
the LNPs may vary depending on the size of the mRNA encapsulated. In addition, the total 
amount of mRNA needed to achieve the same level of efficacy may vary between the two 
designs due to differences in the degree of expression efficiency, as well as in the amount of 
dsRNA, the innate immune response, the half-life of the mRNA and sa-MRNA, and so on – 
all of which could result in a different safety profile, and hence all of which needs to be 
considered in the vaccine design and evaluation. 


In contrast to viral replicons (which are packaged in viral structural proteins) sa-
mRNAs are delivered in LNPs or other delivery systems. This means that the cells that take 
up sa-mRNAs and those that take up viral replicons are likely to differ as viral replicons enter 
their host cells via the viral receptor, while sa-mRNAs depend on a formulation for 
intracellular delivery (36). RNA-based products can also be contrasted with both viral-
vectored vaccines and with live viral vaccines (for RNA viruses) by their lack of genes 
encoding the structural proteins of the virus being used as the vector or live vaccine. Thus, 
there are various similar products in development, the differences between which are largely 
dictated by biology or design. Other similar technologies include circular RNA products that 
are in development, mRNAs that use an internal ribosome entry site (IRES) instead of a cap 
and RNA encapsulated in other drug-delivery systems using polymer and polypeptide 
systems (or a combination of polymer and lipid-based systems). 


As described above in sections 1 and 2, and in order to develop WHO guidance as 
rapidly as possible, the scope of the current document is limited to mRNA or sa-mRNA 
encapsulated in LNPs. 


It should also be noted that in the case of current mRNA vaccines, various cell types 
at the site of injection take up the mRNA. However, future delivery systems may be designed 
that selectively target the mRNA to specific cell types or tissues – for example, through the 
use of surface-modified LNPs in which a targeting ligand/motif could be attached to the LNP 
surface. Any changes to the physicochemical properties that result in different innate 
immunostimulatory effects may have further implications for the safety or efficacy of the 
mRNA or sa-mRNA vaccine but these are beyond the scope of the current document. 
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6. Manufacture and control of mRNA vaccines 
 
All mRNA vaccines are regulated as biologicals and, as with other biologicals, adequate 
control of the starting and raw materials and excipients and of the manufacturing processes is 
as important as that of the final product. Regulatory considerations therefore place 
considerable emphasis on the control strategy for the vaccine manufacturing process as well 
as on the comprehensive characterization and release testing of the drug substance and the 
final vaccine itself. 


The general guidance contained in WHO good manufacturing practices for 
pharmaceutical products: main principles (19), Good manufacturing practices: supplementary 
guidelines for the manufacture of pharmaceutical excipients (20), WHO good manufacturing 
practices for biological products (21) and WHO good manufacturing practices for sterile 
pharmaceutical products (22) should be applied to the design, establishment, operation, 
control and maintenance of manufacturing facilities for mRNA vaccines. The primary 
guidance on GMP requirements for mRNA vaccines used to prevent infectious diseases is 
provided in WHO good manufacturing practices for biological products (21). This document 
advises that for recombinant or biotechnology products, GMP compliance is expected from 
the starting materials through to the filled, finished product. WHO guidance should also be 
applied to the control of mRNA vaccine filled in the final form, the keeping of records and 
retained samples (for future studies and needs), labelling, distribution and transport, as well 
as storage and expiry dating for mRNA vaccines (25–27). Quality control during the 
manufacturing process relies on the implementation of quality systems, such as GMP to 
ensure the production of consistent commercial vaccine lots with product characteristics 
similar to those of lots shown to be safe and efficacious in clinical trials. 


Throughout the process, a number of in-process monitoring and/or control tests (with 
acceptable limits) should be established through a risk-based approach (including tests to 
measure critical and non-critical quality attributes, as applicable) in order to allow quality to 
be monitored for each batch or lot from the beginning to the end of production. Release 
specifications and characterization methods should be agreed with the NRA(s) as part of the 
clinical trial authorization/approval or marketing authorization/approval. The drug substance 
and drug product release specifications for marketing authorization/approval should be set 
based on the testing of product resulting from the commercial manufacturing process as well 
as the results obtained for the lots used in clinical trials. Such release specifications and 
characterization methods should cover critical attributes that can provide reassurance on the 
consistent quality required to provide a safe and effective vaccine. This will include methods 
to assess content, identity, purity, potency, quality and safety attributes, and stability. 


mRNA vaccines for use in clinical trials should also be prepared under GMP 
conditions appropriate for the stage of clinical development – that is, full compliance may not 
be possible in initial or early development when manufacturing and control procedures 
remain in development and may not yet be validated; under emergency conditions, and based 
on benefit–risk assessment, it may be acceptable to consider using starting materials that were 
not prepared in complete compliance with GMP. Appropriate attention needs to be given to 
ensuring the quality and correct identity of all materials used in production and control. 
Particular attention should be given to the sourcing of components of animal (including 
human) derivation. Attention should also be given to ensuring freedom from, or control of, 
potential adventitious agents supported by relevant evidence and risk assessment. Many of 
the general requirements for the quality control of biological products, such as tests for 
endotoxin, stability and sterility, should also be applied to mRNA vaccines. The commercial 
specifications should be defined on the basis of the results of tests on lots that have been 
shown to have acceptable performance in clinical studies. Additional controls specific to 
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mRNA or sa-mRNA vaccines formulated in LNPs should be described, including controls for 
raw materials and excipients and in-process controls for manufacturing intermediates. 


It should be recognized that the level of detail required by a regulatory authority 
increases as product development proceeds. During the initial phases of clinical development, 
the information contained in a clinical trial application should be adequate to allow for an 
assessment of the risks derived from the drug product and the manufacturing process. This 
would include, for example, identification of and specifications for all materials used in the 
process, assessment of risks from biologically sourced materials, certification or phase-
appropriate GMP compliance of the manufacturing facility, a brief description of the 
processes and tests, results of testing of vaccine lot(s) (and if applicable, for a clinical trial 
application, placebo or other comparator) to be used in the proposed clinical trial and results 
of preliminary stability testing. As with all vaccines, for pivotal clinical trials the level of 
detail provided on the quality (manufacturing and controls) of an mRNA vaccine would be 
expected to increase substantially. 


While not every mRNA vaccine can be viewed as being made based on a platform 
technology, a given manufacturer’s technology might to some extent be viewed this way. In 
other words, if essentially no changes are made to the manufacturing processes (other than 
process optimization for each candidate vaccine), tests (except for identity or potency) or 
specifications, then a new candidate mRNA vaccine might be supported by data from an 
earlier candidate mRNA vaccine or licensed product. For example, this could be the case 
when the only changes made are to the sequence and these changes do not change the size or 
secondary structure of the resultant new mRNA or its interaction with the LNP. Supportive 
data might include data gained on the manufacturing processes, tests, specifications, stability 
and nonclinical and clinical safety. 


Details of any changes made to product composition (for example, change in the 
mRNA sequence, enhanced valency, change in excipients or addition of preservatives) or 
manufacture (for example, change in process, site or scale) during the development of clinical 
lots should be provided. Depending on the way in which the final product composition was 
changed (for example, addition of novel excipients) new nonclinical studies might be 
warranted (see section 7 below). For changes to the manufacturing process (such as scale-up 
or change to the purification process) the comparability of the resulting drug substance and 
drug product with those produced using the previous process should be evaluated. Such 
comparability studies might be based on immunogenicity data from animal models, results 
from physicochemical analyses, studies of process and product-related impurities, and/or 
stability data. The WHO Guidelines on procedures and data requirements for changes to 
approved vaccines (29) should be consulted in this regard. All changes made to the product 
post-approval should follow the requirements listed in these same Guidelines (29); other 
relevant guidance may also be considered such as the ICH Harmonised Guideline on 
pharmaceutical product lifecycle management (50). 


Defined recombinant nucleic acids used as active drug substances in vaccines, 
whether of biological or synthetic origin, could be assigned an international nonproprietary 
name (INN) upon request (51, 52). 
 
6.1 General manufacturing overview 
 
Vaccines based on mRNA represent a new type of biological product and are manufactured 
differently from traditional biologicals. Most such biologicals are propagated or produced in 
a cell-based (or organism-based) system whereas the mRNA component is manufactured 
enzymatically via IVT. The production process normally involves the use of a linear DNA 
template to direct DNA-dependent RNA transcription with recombinant enzymes and 
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nucleoside triphosphates. The choice of sequence or structure not only of the ORF but also of 
the UTRs, the cap and the poly(A) tail length should be justified. 


Generally, once the mRNA has been transcribed the template DNA is digested using 
deoxyribonuclease (DNase) prior to purification of the mRNA. If the cap and poly(A) 
elements are not added during the IVT process, or if a longer poly(A) tail is required, these 
can be added enzymatically following synthesis but prior to purification (8, 32, 53, 54). In 
addition to removing the DNA template, the unattached caps, unincorporated nucleotides and 
the enzymes (such as RNA polymerase) used in production, all process-related and product-
related impurities (for example, dsRNA and incorrectly sized mRNA molecules) should also 
be removed to the extent feasible. Attention should also be paid to the removal of enzymes 
possibly involved in DNA template generation, such as DNA polymerase and restriction 
enzymes (if not controlled at the level of the DNA template). The methods of purification and 
their purposes should be described and justified. Any purification processes – such as protein 
digestion with proteinase(s) as an impurity-reduction step – should be validated at the 
appropriate phase of development (see section 6.4 below). 


In most cases, the purified mRNA would be considered to correspond to what is 
termed for other vaccines “the purified bulk antigen” – even though the mRNA is not the 
actual antigen but instead mimics the transcript encoding the antigen. This could also be 
thought of as the bulk biological substance or bulk active substance and is referred to in this 
document as the drug substance in order to use terminology familiar to most manufacturers 
and regulators to describe the active biological element of the vaccine. 


As would be expected for any vaccine, a flowchart of production should be provided 
that indicates each process step, the samples taken at that process step and the in-process 
control tests for which the samples are taken. The process flowchart should also clarify the 
steps in the process at which manufacturing reaches the stages of drug substance, final 
formulated bulk and final filled vaccine (drug product), and at which steps in the flowchart 
samples are being taken for in-process control and release testing. The tests carried out at 
each of these steps should also be indicated. The duration of storage of the concentrated 
purified mRNA (drug substance) or any intermediates (such as the final formulated bulk) that 
are held or stored should be supported by hold-time/stability studies. As with any vaccine, an 
agreed-upon number of lots of the drug product should be placed on a stability programme. 


The mRNA (drug substance) is not suitable for clinical use unless it is protected and 
delivered by a given formulation (the preparation of which is part of drug product 
manufacture). The formulations chosen for the most advanced mRNA vaccines so far are 
based on LNPs. Although there are other approaches to encapsulating mRNA-based products, 
the current document only covers systems that use LNPs. The formulation both stabilizes the 
mRNA and facilitates its entry into cells and release into the cytosol, which could be 
achieved by either active or passive uptake. The LNPs may also provide an adjuvant activity 
(45, 47, 48). In order to protect the mRNA from degradation by nucleases, it is incorporated 
into the LNPs to make it inaccessible to such nucleases – however, the LNPs must also 
release the mRNA once inside the target cell. The LNPs must also be of a suitable size range 
with desirable surface properties for optimal uptake by target cells. Hence, product 
development data concerning the optimization of both the formulation and the manufacturing 
process should be provided. For example, consideration should be given to the concentrations 
of the different lipids, the mRNA–lipid ratio, pH of buffers/solvents, mRNA encapsulation 
efficiency, and the flow rate and mixing rate of the lipids and mRNA, as well as the thawing 
temperature of the different components, as these will all have an impact on the quality of the 
final vaccine (drug product). In this way, the process of encapsulation into the LNPs can be 
carefully controlled and the production methods and control measures adequately described 
and suitably validated. 


1.5_Global&Regional


SAGE meeting April 2022 17







 
 


18 
 


Although sa-mRNA contains the coding sequences (viral nonstructural genes) for 
additional proteins that permit its in vivo amplification (but not its packaging, which requires 
viral structural genes), the method of manufacture in which IVT is followed by purification 
and formulation in LNPs is essentially the same as that described above. For sa-mRNA with 
the additional coding sequence on the same molecule as the target antigen coding sequence 
the control measures required for the manufacturing processes might also be similar or the 
same as those for an mRNA vaccine. However, if the replicon genes are encoded on a 
separate mRNA molecule, then additional manufacturing processes and quality controls may 
be needed to ensure that the required mRNAs are adequately encapsulated in the same LNPs, 
and these additional processes should be described. The molar ratio of the two encapsulated 
mRNAs should be provided and justified, and the method of validation described. The degree 
of expression efficiency might also vary between the two approaches (for example, using two 
mRNAs as opposed to a single one) and this might have implications for the expected safety 
and efficacy of the vaccine design due to differences in the amount of dsRNA, the innate 
immune responses elicited, the half-life of the mRNA and so on. If the separate mRNA 
molecules are encapsulated separately and not mixed prior to encapsulation, this would also 
need to be described and may involve additional manufacturing processes and quality 
controls to ensure adequate final mixing and an appropriate ratio of the two (or more) 
mRNAs. Likewise, for multivalent mRNAs the mixing step(s) either before or after 
encapsulation need to be described and controlled appropriately. For sa-mRNA in which the 
mRNA encoding the replicon and the mRNA expressing the target antigen are encoded on 
different molecules, it will be important that these two RNAs are co-encapsulated in order for 
them to be taken up by the same cell in vivo. Therefore, if the two RNAs are encapsulated 
separately and then mixed, a justification for this approach will be required. 


The key quality control points should include: 
 


a. Starting and raw materials and excipients – including, but not limited to: (a) a 
linear DNA template, which could be enzymatically or synthetically generated 
(for example, by PCR) or a plasmid DNA that has been linearized (generally by 
restriction endonucleases); (b) nucleotides; (c) enzymes (for example, DNA-
dependent RNA polymerase (which is usually the T7 RNA polymerase), capping 
enzyme, 2′ O-methyltransferase, poly(A) polymerase, DNase and proteinase K); 
(d) buffers; (e) solvents; (f) column resins (if column chromatography is used in 
purification) and/or (g) lipids. The linear DNA template is considered to be the 
starting material for the manufacture of the drug substance. The other listed items 
(along with any not listed but also used in manufacture) would be considered to be 
raw materials. Excipients are those raw materials that are present as inactive 
ingredients in the final drug product/vaccine. For the manufacturing of excipients, 
compliance is expected with WHO Good manufacturing practices: supplementary 
guidelines for the manufacture of pharmaceutical excipients (20). 


 
 In particular, any animal-derived (including human-derived) starting or raw 


materials or excipients, or any starting or raw materials or excipients that were 
themselves produced using animal-derived (including human-derived) raw 
materials should be subject to control by appropriate sourcing, by control 
testing and by risk assessment. Materials of animal origin (including human 
origin) should comply with the current WHO guidelines on transmissible 
spongiform encephalopathies in relation to biological and pharmaceutical 
products (24). 
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 Attention should be given to ensuring freedom from or control of potential 
adventitious agents supported by relevant evidence and risk assessment. 


 
b. In-process controls of the manufacturing processes and intermediates – including 


the processes used to manufacture the bulk mRNA substance (drug substance), as 
well as the formulation (the LNP manufacture and encapsulation steps), final 
formulated bulk and filling of the final formulated bulk (drug product); also 
including either controls for or validation of the consistency of LNP formulation 
(regarding, for example, their size and polydispersity), consistency of mRNA 
encapsulation, and removal of partial mRNAs and dsRNA impurities. 


 
c. Release of the mRNA vaccine drug substance and final filled vaccine (drug 


product) following manufacture. 
 


d. Process validation – processes should be validated to demonstrate the consistent 
manufacturing of the commercial final drug product with the desired quality 
profile (see section 6.4 below). 


 
Analytical methods that might be considered for assessing some of these key quality 


control points are discussed in the literature – though detailed analytical procedures and 
acceptance criteria for tested attributes are not yet standardized or in the public domain. As of 
the time of publication of the current document, these are considered by manufacturers to be 
proprietary and confidential. The methods shown in Table 1 may be considered as examples 
of possible means for characterization or control at various key quality control points (55–57). 


For clinical trial use, mRNA candidate vaccines should be manufactured under GMP 
conditions appropriate for the stage of clinical development. It is expected that clinical trial 
material should be released on the basis of meeting appropriate quality control standards. Full 
compliance with GMP would be expected for clinical trial material used in pivotal trials and 
for commercial manufacture (16, 17). 


Any manufacturing changes made during clinical development, particularly if made 
following completion of pivotal safety and efficacy trials but prior to seeking licensure, need 
to be described and justified. A comparative analysis with the clinical efficacy lots should be 
made. For post-approval changes, compliance with the WHO Guidelines on procedures and 
data requirements for changes to approved vaccines (29) would be expected, though other 
relevant guidance might also be considered such as the ICH Harmonised Guideline on 
pharmaceutical product lifecycle management (50). 
 
Table 1 
Examples of possible methods for characterization or control at various key quality 
control points, by potential use(s) 
 


Examples of possible method Potential use(s) 


DNA template sequencing; mRNA 
sequencing 


Identity 


Quantitative reverse transcription PCR (qRT-
PCR) 


Identity and quantification 


Ultraviolet spectroscopy; fluorescein-based Quantification and purity 
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assays 


Agarose or acrylamide gel electrophoresis, 
including capillary electrophoresis 


RNA quantification, RNA size, RNA 
integrity, LNP surface charge and 
percentage encapsulation 


Chromatographic assays such as size-
exclusion, anion-exchange, affinity or 
reverse-phase 


Quantity of mRNA, quantity of lipids, 
quality of mRNA and nanoparticle integrity 


Mass spectrometry Quantity and nanoparticle integrity 


dsRNA blot; tests for percentage capping; 
percentage transcripts with (and size of) 
poly(A) tail 


Purity and other quality attributes 


Cell-free translation or cell-based expression 
systems 


Potency and expression of correct protein 


Light-scattering techniques such as dynamic 
or static light-scattering analysis; nanoparticle 
tracking analysis; electron microscopy; size-
exclusion chromatography 


Particle size distribution (purity, 
consistency, safety) 


Laser Doppler electrophoresis; dynamic light-
scattering analysis 


Particle surface characterization (including 
size, polydispersity and zeta potential) 


Electron microscopy; atomic force 
microscopy; X-ray diffraction; differential 
scanning calorimetry analysis 


Physicochemical characterization (including 
surface and morphological properties) 


Tests for sterility, endotoxin content Safety attributes 


pH determination; gravimetric, azeotropic or 
titrimetric method to test residual moisture 


Quality attributes 


 
6.2 General information and description of vaccine construct and 
composition 
 
Information should be provided that describes the mRNA drug substance and the formulated 
mRNA vaccine in terms of its design, sequence and construction, its composition (for 
example, lipids and other excipients), and the quantities of each excipient used. The rationale 
for and function of the chosen excipients should also be provided in the description. Where 
relevant, information on the structure and molecular weight of the lipids employed and on 
their role in the vaccine formulation should be included.  
 
6.2.1 mRNA sequence and arrangement of elements 
 


a. The annotated sequence of the DNA template should be provided. The sequence 
and position or length of all elements contained within the mRNA, including start 
and stop codons, flanking UTRs, regulatory elements (for example, promoter for 
the RNA polymerase) and 5′ cap and 3′ poly(A) tail, should be provided, as well 
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as the ORF for the target antigen. If any additional proteins are encoded (such as 
those for a self-amplifying construct or a cytokine) their sequence should be 
provided (see points d and e below). The presence and function of any additional 
sequences included in the construct should be described. 


 
b. Because vaccine mRNA can be manufactured containing nucleosides that are 


naturally occurring or modified or synthetic, the sequence information should 
include the specific nucleosides used. 


 
c. Additionally, if sequences are changed from the native sequence in order to 


optimize codons, these changes should be described and justified. Codons may be 
altered for several reasons, including to better match the frequency of the 
appropriate tRNAs in human cells, to attain a specific secondary or tertiary 
mRNA structure, to reduce innate immune responses or to increase the in vivo 
stability of the mRNA. 


 
d. As noted above, in addition to coding for the target antigen(s), sa-mRNA also 


codes for a viral RNA-dependent RNA polymerase complex. Such a construct 
constitutes a replicon with the result that multiple copies of the mRNA coding for 
the antigen can then be made in vivo upon delivery to and uptake by the cells of 
the vaccine recipient, thus potentially increasing the potency of the vaccine. The 
sequences for any such replicon should be provided and their functions explained. 
If the replicon is encoded on a separate mRNA molecule from the target antigen, 
then the manufacture and control of each component should be illustrated and 
narratively described. Generally these coding sequences are present on the same 
molecule but if separated, then additional controls may be required and should be 
described. 


 
e. If an mRNA vaccine includes sequences that code for any other 


immunomodulator (such as a cytokine) or non-coding sequences intended to act as 
an immunomodulator, then such sequences and information on their purpose 
should be provided. 


 
6.2.2 Formulations and components 
 


a. Batch formula: the batch formula for commercial production should be provided. 
The amounts of each component in a single vaccine dose should be listed. The 
total volume of a batch should be defined. If more than one mRNA molecule 
(drug substance) is included in the drug product (final vaccine), this should be 
described, including whether the different mRNA molecules are encapsulated in a 
single LNP at the same time or encapsulated separately in LNPs that are 
subsequently mixed. 


 
b. Chemical nature and formulation: the mRNA is formulated principally for 


increased in vivo stability and to aid cellular uptake. While several potential types 
of delivery agents exist (such as protamine complexes, cationic liposomes and 
lipid-, polymer- or lipid/polymer-based nanoparticles) the mRNA vaccines 
currently in use or in the most advanced clinical trials are encapsulated into LNPs. 
Characterization of these formulations, both chemically and in terms of the 
physical attributes of the structural formulation (such as nanoparticles), is required 
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and should address characteristics such as the consistency and stability of the 
formulation and final product. Considerations of the quality of the lipids and 
critical quality attributes of the drug product should also be included. Sufficient 
characterization of the mRNA-LNP and of its uptake into target cells should be 
provided. This may include an understanding of the surface chemistry, size, 
polydispersity, shape, charge and protein-binding properties of the resultant 
mRNA-LNP in order to ensure that adequate protection of the mRNA and the 
required stability of the vaccine are achieved. Where the LNPs are shown to have 
inherent immunomodulatory effects, relevant data on the potential benefits and 
drawbacks should be presented. Thus any characteristics of the formulation that 
might impact the safety, immunogenicity and efficacy of the vaccine should be 
described and their effects (positive or negative) should be considered during 
formulation development. 


 
c. Additional immunomodulators or adjuvants: the mRNA might also encode 


specific immunomodulatory molecules such as cytokines. Furthermore, a separate 
adjuvant or immunomodulatory (stimulatory or suppressive) compound not 
encoded in the mRNA might be added to the formulation or as part of the LNP. 
As a general principle regarding vaccines formulated with adjuvants, a 
demonstration of the contribution of such an addition to vaccine immunogenicity 
should be provided (17). Quality aspects of the separate adjuvant, if included, 
should also be addressed and described. 


 
d. Additional peptides/proteins: if additional peptides/proteins are included to 


target the mRNA to antigen-presenting cells or other specific cell types or to 
increase the release of the mRNA from the endosome, the sequence and function 
of these additions need to be described and evidence provided of their function to 
support their proposed mechanism-of-action. 


 
e. Additional excipients (such as preservatives): the composition, necessity for 


and (in the case of preservatives) the preservative efficacy of such additional 
excipients should be described and shown not to adversely affect the properties of 
the LNP. 


 
6.3 Control of starting and raw materials and excipients 
 
As with any vaccine, appropriate attention needs to be given to the sourcing and quality of all 
materials used in production (20). The raw materials should be procured from 
vendors/suppliers approved by the manufacturer through the internally defined quality 
systems. Suppliers of such materials should be managed by an appropriate qualification 
programme. 
 
6.3.1 Quality of starting and raw materials and excipients 
 
The starting and raw materials and excipients, including those used to produce the mRNA 
(such as the DNA template, nucleotides (which may contain modified nucleosides), enzymes, 
buffer, solvents, any columns for purification and so on) and the lipids in the LNP should be 
described. Information should be provided on their provenance, quality, control, stability and 
role, including the point at which each material is used in the manufacturing process. The 
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materials should be suitable for use in GMP production, and reference to internationally 
accepted pharmacopoeias or details on their specifications should be provided. 


The processes used for the derivation of the linear DNA template and raw materials 
should also be described. Although the starting material for the production of mRNA 
vaccines is the linear DNA template, that template may be derived from upstream materials 
such as a DNA plasmid propagated in a recombinant cell bank (see section 6.3.1.1 below). 


With respect to the LNPs, the source and quality of the lipids used in their 
manufacture (especially of novel lipids present in LNPs that have not previously been studied 
nonclinically or clinically) should be sufficiently detailed to permit meaningful assessment of 
their safety and quality. Suitable specifications should also still be provided for any such 
excipient not considered to be novel. In the case of novel excipients (for example, cationic 
lipids) details of the manufacturing process and control of the novel lipids (including the 
starting materials and intermediates) should be provided, where feasible. This will include 
information on and relevant justification of the proposed starting materials and any 
intermediates used in the synthesis of the novel excipients. Consideration should be given to 
performing a nitrosamine risk assessment on the (cationic) lipid(s), if relevant. 


Details of the manufacturing site(s) and manufacturing process, along with the 
required process controls and specifications of the starting materials, raw materials (for 
example, enzymes, buffers and solvents), intermediates and final excipients (for example, 
lipids and salts) should be provided. Consideration should also be given to the use and control 
of solvents, and to the potential for contamination with elemental impurities (58–60). Where 
the recycling of materials/solvents is proposed, this should be justified and appropriately 
controlled. The level of impurities associated with the excipients should also be suitably 
controlled and justified. Any purification and isolation steps should be detailed. To assure the 
quality of the proposed novel excipients, their manufacturer should also have available 
relevant information on the analytical methods used for the characterization, stability 
monitoring and batch analyses of the materials. Since inclusion of a PEGylated lipid plays a 
critical role in providing in vivo stability and enhancing the cellular interaction of LNPs (40), 
adequate controls (for example, of molecular weight, polydispersity and mole percent) should 
be in place for the PEGylated lipid. For the manufacturing of excipients, compliance is 
expected with WHO Good manufacturing practices: supplementary guidelines for the 
manufacture of pharmaceutical excipients (20). 
 
6.3.1.1 Quality of linear DNA derived from plasmid as starting material 
 
As stated above, the linear DNA template is considered to be the starting material for the 
GMP production of the mRNA vaccine. If the linear DNA is prepared from plasmid DNA, 
then the procedures for establishing the cell banks and the manufacture of the plasmid DNA 
should be performed in accordance with the requirements for the production of material for 
use in subsequent GMP manufacture. 


A cell bank system should be established, described and tested for microbial purity 
(freedom from bacterial and fungal contamination) and identity. The genetic stability of the 
seed bank must be demonstrated. If the poly(A) tail is encoded in the plasmid DNA, then that 
region on the DNA plasmid in particular should be tested for the rate of recombination. A 
purification process also needs to be in place to reduce impurities from the DNA plasmid 
(such as RNA, host-cell DNA, protein, lipids and polysaccharides). The manufacturing 
process needs to be set up in such a way as to minimize the risk of microbiological 
contamination. 


Testing of DNA plasmids (if used to generate the linear DNA) and the linear template 
should include tests for genetic identity by sequencing, for integrity (including confirmation 
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of the desired encoded antigen sequence and regulatory/controlling sequences) and for 
percentage linear DNA, as well as tests (using appropriate reference standards) for residual 
genomic DNA, RNA and protein, sterility or permissible bioburden, and endotoxin levels. In 
early development, testing might be carried out only on the DNA plasmid (if used) or on the 
linear DNA. 


In early clinical development it may be acceptable to use well-qualified material on 
the understanding that greater control will be expected to support pivotal trials and 
commercial manufacture. 
 
6.3.2 Release of starting and raw materials and excipients 
 
As with any vaccine, certificates of compliance (if applicable) and certificates of analysis 
should be provided for all raw materials and a clear indication given of which testing is 
performed by the mRNA manufacturer or whether the material is accepted on the basis of the 
certificate of analysis provided by the manufacturer/vendor/supplier of the raw material. An 
internal policy should be defined based on criticality risk ranking for the in-house testing and 
release of raw materials used in the manufacturing process. Starting materials should be 
released in accordance with the requirements and specifications for use in subsequent GMP 
manufacture. 
 
6.4 Process development and in-process controls 
 
The development history of the commercial manufacturing process should be provided. Tests 
and acceptance criteria for alert and action limits for critical steps of the manufacturing 
process should be developed and justified to ensure, and provide feedback on, the control of 
the process. In cases where a well-established platform technology is being used, knowledge 
gained from the manufacture of approved products can be considered in the justification. 


Validation of the manufacturing processes should demonstrate that they comply with 
their critical and key parameters and yield a product that consistently meets the predefined 
quality attributes. This should include demonstration of the reproducible and consistent 
clearance of process- and product-related impurities to levels acceptable for intended use in 
humans. 


Process validation is not generally required for a candidate vaccine used in 
preliminary clinical trials, though critical steps such as aseptic processing and sterility of the 
drug product should be validated or appropriately demonstrated to be controlled during the 
manufacture of clinical materials. 
 
6.5 Product characterization 
 
A summary of the characterization of the mRNA (drug substance) and the final vaccine (drug 
product) should be provided in addition to in-process and lot-release testing. Rigorous 
characterization using a range of orthogonal chemical, molecular, physical and biological 
methods will be essential. Characterization refers to studies and analyses that are not 
performed routinely on every lot but which allow the manufacturer to gain important 
knowledge of the structure, performance and safety of their product in order to guide process 
and analytical test development and improvement. This is in contrast to the in-process and 
lot-release testing performed on every lot. Justification of the choice of analytical methods for 
the determination of various attributes should be considered, particularly when a different 
outcome would likely be obtained using alternative techniques – for example, particle size 
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measurement using different methods. It is for this reason that orthogonal methods are 
recommended. 


The sequences of the population of manufactured mRNA should be determined and 
the degree of consistency of the proper sequence defined. Consistency of manufacture is 
discussed further in section 6.6 below. The degree of consistency of the capping and 
polyadenylation processes should also be characterized and may need to be validated (see 
section 6.4 above). Demonstration of expression of the complete encoded protein(s) without 
truncated or alternative forms should be provided. In particular, if expression of truncated or 
alternative forms of the target antigen is demonstrated during characterization studies and 
these alternative forms would result in neo-antigens or unwanted immune responses, then this 
may require a redesign of the mRNA sequence. The degree of consistency of encapsulation 
of the mRNA in the LNPs should also be addressed during characterization. Particle-uptake 
studies could assist in characterizing potential potency measures through identification of cell 
types that take up the particles, mode or mechanism of uptake, and efficiency of uptake, and 
thus guide selection of the type of cell-free or in vitro method that best allows for assessment 
of these activities. During characterization, it should be determined whether any of these 
characteristics should be controlled as critical quality attributes and/or stability-indicating 
attributes. 


Certain aspects of the LNPs should be very carefully characterized. These include 
particle size as determined by different analytical techniques to explore the morphological 
and dimensional characteristics of the LNPs containing the mRNA. Information on the 
density and distribution of polyethylene glycol (PEG) within the LNPs would also be useful 
to help understand the surface properties of the mRNA-LNP. Measurement of surface charge 
(for example, zeta potential) should also be considered as a method for characterizing the 
LNPs. These, and other properties, will affect the in vivo stability, cellular interaction and 
immunological response properties of the product; such information would also help to 
confirm the consistency of the manufactured vaccine. 


The immunogenicity elicited by the mRNA-encoded target antigen is a critical 
characteristic of the product that should be characterized in nonclinical studies as a means to 
understand the product. Additionally, if the LNPs have inherent immunomodulatory effects 
these should also be characterized. Whenever other immunomodulatory elements or genes are 
included in the mRNA, their contribution to the mode-of-action (for example, 
immunogenicity) of the mRNA-encoded target antigen should also be determined in 
nonclinical studies in order to justify their inclusion in the characterized product design (see 
section 7 below). Consideration of these aspects is important in gaining understanding and 
knowledge of the product in order to optimize its design and develop appropriate control 
methods. 


Potential impurities that might be introduced by the starting materials, and potential 
product- or process-related impurities in the purified mRNA, should be described and 
investigated. Such impurities may include residual bacterial host-cell proteins (if used to 
manufacture the DNA template), endotoxins, residual bacterial host-cell RNA and 
chromosomal DNA (if bacteria were used to manufacture the DNA template), enzymes (such 
as DNA and RNA polymerases and restriction enzymes), unincorporated nucleotides, dsRNA, 
incomplete or differently sized RNA, and other materials used in the manufacturing process. 
Data should be provided on the impurities present in the purified mRNA in order to justify 
the specifications set for their maximum acceptable or lowest achievable levels. For 
impurities and residuals with known or potential toxic effects, a toxicological risk assessment 
is expected to be carried out. Degraded mRNA may be assessed as part of analytical 
procedures such as polyacrylamide or agarose gel electrophoresis, high-performance liquid 
chromatography (HPLC) and/or capillary gel electrophoresis. The degree of consistency of 
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the sequence and structure of the mRNA, and its expression of a consistent protein when 
transfected into cells in vitro, are important characteristics to be determined for the drug 
product. 


Any potential impurities (both process- and product-related) that may arise from the 
lipids used in the formulation of the drug product should also be characterized and 
investigated. This will permit justification of the specification limits proposed so that these 
impurities are suitably controlled and are within the clinically determined acceptable range. 
 
6.6 Consistency of manufacture 
 
As with other biologicals, prior to seeking marketing authorization, a number of consecutive 
batches should be tested and analyzed using validated methods to determine the consistency 
of manufacture. Any differences between one batch and another outside the accepted range 
for the attributes tested should be noted and investigated. The data obtained from such studies, 
combined with product and process knowledge and evaluation of the criticality of variations 
in specific attributes, should be used as the basis for justification of the chosen specifications. 


During preliminary clinical development few lots will have been made and 
demonstration of production consistency may be limited or not possible. The ability to 
demonstrate consistency will increase as manufacturing experience is gained during product 
development. Confirmation of the consistency of lots is generally done during advanced 
development (for example when the manufacturing process has been scaled up for 
commercial manufacture) but prior to submission of application(s) for marketing 
authorization. However, in some cases, scale-up for commercial manufacture may be 
undertaken while marketing authorization is being sought for clinical trial-scale material. 
Whenever changes to the manufacturing process are implemented, the comparability of lots, 
especially to those used in pivotal studies and made by the intended commercial process, 
should be demonstrated. Comparability protocols and strategies for demonstrating 
comparability are discussed in the WHO Guidelines on procedures and data requirements for 
changes to approved vaccines (29). 
 
6.7 Manufacture and control of bulk purified mRNA (drug substance) 
 
As stated above in section 6.1, an overview of the development and manufacture of the 
mRNA should include a justification for the selection of the target antigen gene, other gene(s) 
contained in the mRNA sequence, UTRs, 5′ cap, 3′ poly(A) tail and regulatory elements used. 
Any gene expression or other optimization modifications should be described. Annotated 
sequences of the complete DNA template and mRNA should be provided. Both an illustrative 
and annotated flowchart and a narrative description of the manufacture, in-process controls 
and release tests should be provided. The detailed production and control procedures along 
with any significant changes in them that may affect the quality, safety and efficacy of the 
mRNA vaccine should be discussed with and approved by the NRA. 


In the case of sa-mRNA, if the replicon and target antigen are expressed on separate 
mRNA molecules, this should be described and clearly illustrated in the provided flowchart, 
which should also include any additional manufacturing processes and/or quality control tests. 
For example, consideration should be given to controls such as the ratio of replicon-encoding 
mRNA molecules to target-antigen-encoding mRNA molecules, or to methods to ensure (or 
controls to determine whether or not) both molecules are encapsulated into the same LNP, if 
applicable. For sa-mRNA in which the mRNA encoding the replicon and the mRNA 
expressing the target antigen are encoded on different molecules, it will be important that 
these two RNAs are co-encapsulated in order for them to be taken up by the same cell in vivo. 
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Therefore, if the two RNAs are encapsulated separately and then mixed, a justification for 
this approach will be required. 
 
6.7.1 Control of bulk purified mRNA (drug substance) 
 
Specifications for critical quality attributes for the identity (see section 6.7.1.1 below), purity 
(section 6.7.1.2), quantity and physical state (section 6.7.1.3), safety (section 6.7.1.4) and 
quality (section 6.7.1.5) of the bulk purified mRNA should be established and justified. 
Descriptions of the analytical methods used should be provided, the acceptance limits defined 
and assay validation information described. The results of testing of all batches produced at 
commercial scale should be summarized and provided. Specifications should also be 
established for stability under storage conditions. 


Early in development, to support clinical trial authorization, results from testing 
batches made in accordance with GMP (19–22) and, if available, engineering runs performed 
to establish manufacturing procedures should be summarized and provided. Although 
specifications may be limited and have somewhat wide acceptance criteria in early 
development, these should be reviewed and tightened, when appropriate, as experience in the 
manufacturing process and analytical methods is gained. Not all of the tests conducted during 
product characterization need to be carried out on each batch of vaccine as release testing. 
Some tests are required only to obtain product and process knowledge on a limited series of 
batches to establish the methods and consistency of production. Thus, a comprehensive 
analysis of the initial commercial-scale production batches should be undertaken to establish 
consistency with regard to the identity, purity, quality, safety and stability of the drug 
substance; thereafter, a limited series of tests may be appropriate for quality control, as 
agreed with the NRA. 


As experience is gained in manufacturing consistency, post-approval changes might 
permit reducing the testing and the amount of supporting information required through the 
use of process validation, product characterization and/or a comparability protocol (29). 
 
6.7.1.1 Identity 
 
Each batch of bulk purified mRNA should be tested to confirm its identity. Confirmation of 
identity could include determination of the mRNA sequence by direct RNA sequencing, 
sequencing (or determining the presence or absence) of a reverse transcription PCR (RT-PCR) 
product or high-throughput sequencing. If identity is based on an RT-PCR amplicon that 
represents only a portion of the complete mRNA sequence (including accessory and 
regulatory regions), then the sequence chosen should be unique to that mRNA product and 
not be common to any others that might be manufactured in the same facility or using the 
same equipment. However, it might be more appropriate to sequence the entire mRNA as this 
approach could serve to address both identity and potentially purity, depending on the 
sequencing method used. 
 
6.7.1.2 Purity and impurities 
 
Each batch of bulk purified mRNA should be tested for purity and the result should be within 
the allowable limits established. The control of impurities should also address the materials 
introduced during manufacture, such as the DNA template, unincorporated nucleotides, 
unincorporated caps, enzymes, mRNA fragments and dsRNA. This may be achieved through 
process validation to establish the removal of process-related impurities or through release 
tests for the residual impurities. Consideration of the necessity of testing for dsRNA should 
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take into account the design of the manufacturing process as not all processes produce 
dsRNA. The analyses should include sensitive and reliable assays for process- and product-
related impurities, and strict upper (maximum allowable) limits should be specified for their 
content in the bulk purified mRNA. Chromatographic detection methods may be considered. 
Residual DNA template might be quantified by quantitative PCR. It is important that the 
techniques used to demonstrate purity and to measure impurities are based on as wide a range 
of physicochemical, biological and/or molecular properties as possible. Consideration of the 
results of methods such as forced degradation studies may guide decisions on which product-
related impurities will need to be tested for and/or measured during production, at release 
and/or in stability protocols. 


Tests for residual levels of process- or product-related impurities as part of quality 
control may be reduced or discontinued once production processes have been adequately 
validated for their suitable removal, and production consistency has been demonstrated, if 
agreed by the NRA. Plans and specifications for the periodic revalidation of processes should 
be described. Until the processes are validated, impurities should continue to be tested for 
and/or measured in a number of lots as agreed by the NRA. In the case of major changes to 
manufacturing, revalidation or continued measurement would be expected for the number of 
lots agreed with the NRA. Container-closure system compatibility, leachables and 
extractables should also be assessed and discussed in the application for marketing 
authorization. 
 
6.7.1.3 Quantification and physical state 
 
The integrity of the structure of the mRNA is considered to be a critical quality attribute for 
release of the mRNA. Thus, control is needed of mRNA integrity, 5′ capping efficiency, 3′ 
poly(A) tail presence or length, percentage intact mRNA, percentage mRNA fragments, 
percentage of dsRNA and so on. The need to measure 3′ poly(A) tail presence or length 
depends upon the way in which this sequence is added to the mRNA. If encoded in the DNA 
template, then all full-length mRNA should include the poly(A) tail but if it is added 
enzymatically after IVT, then it would be appropriate to address this attribute through testing 
or process validation. Likewise, the presence of dsRNA depends on whether the processes 
used are capable of producing it. Tests such as gel electrophoresis, PCR or chromatographic 
detection methods might be considered for these purposes. It should be borne in mind that 
quantification of the mRNA is the basis for vaccine dosing and the presence of intact mRNA 
is key to the mechanism-of-action of the vaccine. Thus, the methods used for quantifying the 
mRNA (for example, ultraviolet spectrophotometry) and for quantifying the intact mRNA 
(for example, gel electrophoresis) should be described. 
 
6.7.1.4 Safety attributes 
 
Relevant safety tests should be described. These may include tests for endotoxins along with 
testing either for bacterial and fungal sterility (including demonstration of lack of bactericidal 
or fungicidal activity of the test article) or microbial bioburden (including quantity, 
identification of microbe species and freedom from specified unwanted organisms). Such 
testing is generally not required by an NRA for the drug substance, but if required a test for 
pyrogenicity may be performed on the drug product (which may be the monocyte activation 
test). Animal testing should be avoided whenever alternative satisfactory testing is available 
and allowed. For scientific and ethical reasons, it is desirable to apply the 3Rs concept of 
“Replace Reduce Refine” to minimize the use of animals in testing and consideration should 
be given to the use of appropriate in vitro alternative methods for safety evaluation, as well as 
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for other product tests. In particular, manufacturers and regulators should take note of the 
decision of the WHO Expert Committee on Biological Standardization in 2018 to discontinue 
the inclusion of the general safety (innocuity) test in routine lot release testing requirements 
for all vaccines in WHO Recommendations, Guidelines and other guidance documents for 
biological products (61). This test should therefore not be required or requested for either the 
drug substance or the drug product. 
 
6.7.1.5 Additional quality attributes 
 
Additional important quality attributes should be established and controlled (such as 
appearance, pH and, if relevant, viscosity). 
 
6.7.1.6 Reference materials 
 
An in-house reference preparation (that is, working standard) should be established for use in 
assay standardization and comparability assessment. Information on the reference standards 
or reference materials used for testing of the bulk purified mRNA should be provided by the 
time of application for marketing authorization. 


A suitable batch (that is, one that has been clinically evaluated) should be fully 
characterized in terms of its chemical composition, purity, biological activity and complete 
sequence, and an adequate sample retained for use as a chemical and biological reference 
material. The reference material should be formulated in an appropriate form. Storage should 
be under conditions at which the reference material has been shown to be stable. A routine 
programme for monitoring the stability of the material should be implemented. A plan for 
replacing the initial reference material upon exhaustion should be agreed with the NRA. 


In early development (for example, preliminary clinical trials) an engineering run 
batch or a batch from which the lot of mRNA vaccine evaluated in the pivotal nonclinical 
studies was made may serve as a reference until a suitable clinical trial batch has been 
identified and characterized for use as a reference in advanced development (for example, 
pivotal clinical trials) and commercial manufacture. Whatever approach is taken should be 
clearly described. 
 
6.7.1.7 Stability 
 
A stability assessment should be conducted in accordance with the WHO Guidelines on 
stability evaluation of vaccines (25). The types of studies conducted, the protocols followed, 
and the study results should all be summarized in an appropriate format such as tables or 
graphs along with a narrative document. The summary should include results as well as 
conclusions with respect to appropriate storage conditions or shelf-life. Data on stability to 
support the shelf-life of the bulk (or stored intermediates) and any future extension of it 
should be based on long-term real-time stability studies under actual conditions. For the 
transportation of intermediates or drug substance, it is expected that shipment validation will 
be conducted at appropriate storage temperatures and conditions. 
 
6.8 Manufacture and control of final formulated vaccine (drug product) 
 
As stated above in section 6.1, an overview of the development and manufacture of the 
vaccine should include both an illustrative and annotated flowchart and a narrative 
description of the manufacture, in-process controls and release tests. The methods used to 
assure the proper formation of LNPs should be detailed. Any proposed hold-time of the bulk 
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formulation or bulk LNPs should be appropriately specified and validated. Adequate 
consideration should be given to ensuring physicochemical stability and microbial control 
during such hold-times. The methods used for final formulation, fill and finish should also be 
described and suitably validated. 
 
6.8.1 Composition 
 
The final composition of the vaccine, including the active drug substance (mRNA) and all 
excipients (for example, lipids), should be described along with the quantity of the 
components in each presentation – particularly if marketing authorization is being sought for 
more than one dosage or dosage form. The function of each of the components should also be 
described. 
 
6.8.2 Manufacture and control of LNPs and encapsulation of mRNA 
 
The methods used to assure the proper formation of LNPs should be described. Appropriate 
product development data should be provided to support the rationale for their proposed 
formulation and manufacturing process. All critical quality attributes of the LNPs and final 
mRNA-LNPs should be investigated. Where suitable, a Design of Experiments (DoE) 
approach could be adopted. Their size and polydispersity, and in turn stability, are all 
influenced by both the flow dynamics of the lipid and aqueous phase and the shear stress 
induced during the manufacturing process. Thus, relevant studies that explore the critical 
processing parameters and their operational ranges optimal for mRNA-LNP formulation and 
stability of the final formulated vaccine should be performed. This will ensure that the 
product is consistently manufactured to the required quality. Any proposed hold-time of the 
bulk LNPs or bulk formulation should be appropriately specified and validated. If stored, 
these are important intermediates in the production of the final vaccine and should be 
controlled appropriately. Adequate consideration should be given to ensuring 
physicochemical stability and microbial control during such hold-times. 


The preparation of the lipids, the encapsulation of mRNA with the lipids into LNPs, 
dilution and any purification steps, and subsequent filling into suitable containers should be 
described and the process validated to meet the necessary in-process specifications. Various 
filtration techniques (for example, tangential flow filtration) should be considered for the 
removal of raw materials used in the preparation of LNPs. Specific attention should be given 
to minimizing the degradation of the mRNA during encapsulation into the LNPs and under 
manufacturing conditions known to influence the stability of the LNPs and final mRNA-LNP 
vaccine product (for example, the impact of thawing of the mRNA and the freezing rate of 
the LNPs or mRNA-LNPs). Likewise, if lyophilized, the conditions for freeze-drying and 
reconstitution should be considered and justified. If applicable, the diluent or reconstitution 
solution should be described. 


Suitable controls for the LNPs should also be specified and would typically include: 
(a) identity, quantity and purity (including impurities) of the lipids; (b) particle size and 
distribution (polydispersity); and (c) RNA encapsulation efficiency/proportion encapsulated. 
In some cases, the surface properties (for example, charge), lipid molar ratio, or cationic lipid 
to mRNA ratio (for example, nitrogen to phosphate ratio) may also need to be specified to 
ensure consistency and stability of the product. 


It will also be important to consider the subsequent impact that any change made to 
the mRNA drug substance (for example, change in sequence, length or secondary structure) 
may have on the critical quality attributes of the LNPs (for example, particle size and 
distribution, morphology, and surface properties) and ultimately on the final vaccine product 
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(for example, percentage of encapsulation and cellular interaction/uptake). Relevant 
developmental data are expected to demonstrate product consistency and to support the 
product optimization process. Likewise, if platform data are intended to support development 
of new candidate vaccines, the impact of the new mRNA drug substance on the critical 
quality attributes of the final vaccine product should be determined. 
 
6.8.3 Manufacture of final vaccine (drug product), filling and containers 
 
An annotated flowchart should be provided that illustrates the manufacturing steps from the 
bulk purified mRNA (drug substance) to the final vaccine (drug product). The chart should 
include all steps (that is, unit operations) such as dilution of the final formulated bulk, 
identification of materials and intermediates, and in-process and quality control tests. A 
narrative description of each process step depicted in the flowchart should be provided. 
Information should also be included on, for example, its scale, buffers and other additives, 
major equipment and process controls (including in-process tests and critical process 
operational parameters with acceptance criteria that are justified by relevant development 
data). Details of the sterilization process and microbial control should also be included. 


The general guidance concerning filling and containers provided in WHO good 
manufacturing practices for biological products (21) should be applied to vaccine filled in the 
final form. The aseptic fill process of the mRNA-LNP should be adequately validated to 
ensure all critical quality attributes are maintained and meet the required specifications. Care 
should be taken to ensure that the materials of which the containers and closures (and, if 
applicable, the transfer devices) are made do not adversely affect the quality of the vaccine. 
To this end, a container-closure integrity test and assessment of extractables and/or 
leachables for the final container-closure system are generally required for the qualification 
of containers and may be needed as part of stability assessments. 


If multi-dose vaccine vials are used and the vaccine does not contain a preservative, 
then their use should be time restricted, as is the case for reconstituted vaccines such as 
bacillus Calmette–Guérin (BCG) and measles-containing vaccines (30). In addition, the 
multi-dose container should prevent microbial contamination of the contents after opening. 
Relevant simulation studies (for example, multi-puncture tests) of the container-closure 
system may be required to demonstrate the suitability of the proposed system. Multi-dose 
vials should be designed to meet the label claim, with acceptable overfill to allow for correct 
dosing. Multi-dose vaccine vials should be evaluated for the maximum anticipated vial 
septum punctures to assess the risk of compromising vial integrity and the potential for vial 
contamination. The extractable volume of multi-dose vials should be validated. If multi-dose 
vaccine vials are supplied as concentrate, an additional compatibility study should be 
conducted using the proposed reconstitution solutions and an appropriate post-dilution hold-
time should be established. The pre-dilution and post-dilution specifications should be set out 
and justified. Manufacturers should provide the NRA with adequate data demonstrating the 
stability of the product under appropriate conditions of storage, distribution and during use. 


When a final vaccine contains more than one mRNA species (for example, in a 
combination or multivalent vaccine, or an sa-mRNA consisting of separate mRNAs) there 
may be additional considerations in the manufacture of that final vaccine. One such 
consideration will be ensuring the appropriate ratio of the different mRNAs in the 
formulation to optimize the expression of each and to minimize immune interference (in the 
case of combination or multivalent vaccines). Another consideration will be whether the 
mRNAs will be mixed prior to encapsulation in the LNPs or whether each mRNA will be 
separately encapsulated into LNPs and then a mixture of the two or more mRNA-LNPs 


1.5_Global&Regional


SAGE meeting April 2022 31







 
 


32 
 


prepared. In either case, the approach selected should be described and justified with relevant 
data. 
 
6.8.4 Control of final vaccine (drug product) 
 
Samples should be assessed from each final vaccine lot. All tests and specifications should be 
approved by the NRA. Specifications for the final vaccine should be established and justified 
by the manufacturer. As a principle, the final specifications should be defined on the basis of 
the relevant batch data on lots that have been shown to have acceptable performance in 
clinical studies. Descriptions of analytical methods and acceptance limits for the vaccine 
should be provided, including information on method validation. It is recommended that 
testing should include an assessment of identity (see section 6.8.4.1 below), purity (section 
6.8.4.2), content (section 6.8.4.3), safety (section 6.8.4.4), additional quality attributes 
(section 6.8.4.5) and potency (section 6.8.4.6). Stability will also need to be established to 
justify the requested expiry dating. 


Although specifications may be limited and have somewhat wide acceptance criteria 
in early development, these should be reviewed and tightened, when appropriate, as 
experience in the manufacturing process and analytical methods is gained. 


A summary of the results of the testing of all lots produced at commercial scale 
should be provided. Early in development, to support clinical trial authorization, results from 
testing lots made in accordance with GMP (19–22) and, if available, engineering runs 
performed to establish manufacturing procedures should be summarized and provided. 


Not all of the tests conducted during product development need to be carried out on 
every lot of vaccine produced at commercial scale. Some tests are required only to obtain 
product and process knowledge on a limited series of lots to establish consistency of 
production, as discussed in sections 6.4–6.6 above. Several consecutive lots of vaccine, in 
final dosage form, should be tested and analysed using validated methods to confirm 
manufacturing consistency. Any statistically significant or scientifically meaningful 
differences between one lot and another should be noted and investigated. The data obtained 
from such studies, as well as clinical trial outcomes with various lots, alongside product and 
process knowledge and evaluation of the criticality of variations in specific attributes, should 
be used as the basis for defining the vaccine specifications and acceptance criteria to be used 
for routine lot release. Thus, a comprehensive analysis of the initial commercial production 
lots should be undertaken to establish consistency with regard to the identity, purity, 
strength/content/quantity, safety, additional quality parameters, potency and stability of the 
mRNA vaccine but thereafter a more limited series of tests may be appropriate, if agreed with 
the NRA. 


When a final vaccine contains more than one mRNA species (for example, in a 
combination or multivalent vaccine, or an sa-mRNA consisting of separate mRNAs) there 
may be additional considerations in the control of that final vaccine. Some of these 
considerations will be based on the approach taken in manufacture – for example, whether 
the mRNAs were encapsulated together at the same time as a mixture or were encapsulated 
separately and then the different mRNA-LNPs mixed. This may then affect the size, charge 
and polydispersity of the LNPs. In addition, validating the consistency of mixing is crucial to 
ensuring that each dose contains the appropriate ratio of each of the mRNAs. Ensuring the 
proper ratios in the total mRNA content of the final vaccine will be critical as the total 
mRNA content is the basis for dosing. Identity testing should address the inclusion of each 
mRNA, while still differentiating the vaccine from other products made in the facility. If one 
drug substance or component (for example, the mRNA encoding the replicon) is used in more 
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than one vaccine or product made in the facility, then such identity testing will also be crucial 
in preventing mix-ups. 


As experience is gained in manufacturing consistency, post-approval changes might 
permit reducing the testing and amount of supporting information required through the use of 
process validation, product characterization and/or a comparability protocol (29). 
 
6.8.4.1 Identity 
 
Each lot of vaccine should be subjected to an appropriate test to confirm the identity of the 
final product and distinguish it from other products made in the same facility or using the 
same equipment. If the vaccine contains more than one mRNA species (for example, in a 
combination or multivalent vaccine, or an sa-mRNA consisting of separate mRNAs), then the 
identity of each mRNA should be confirmed. Confirmation of mRNA identity by sequence 
analysis should be considered (see section 6.7.1.1 above). 
 
6.8.4.2 Purity and impurities 
 
The purity of each lot of final vaccine should be assessed and shown to be within the 
specified limits. Consideration should be given to potential impurities resulting from any 
component of the delivery system and to controlling aspects of impurity such as oxidation 
and degradation in the final vaccine. It is unlikely that a single test will be sufficient to detect 
all potential impurities. Tests for mRNA integrity, particle size, lipid/polymer impurities and 
the proportion/efficiency of mRNA encapsulated in the LNPs should be considered. 
Container-closure system compatibility, leachables and extractables should also be assessed 
and discussed in the application for marketing authorization (see also section 6.7.1.2 above). 
 
6.8.4.3 Content, strength or quantity 
 
mRNA vaccines are dosed based on quantity of the mRNA by weight. Therefore, in addition 
to assessing potency (see section 6.8.4.6 below), a quantification method for the mRNA 
should be described (see section 6.7.1.3 above). If the vaccine contains more than one mRNA 
species (for example, in a combination or multivalent vaccine, or an sa-mRNA consisting of 
separate mRNAs), then the quantity of each mRNA should be measured and confirmation 
made that the ratio of each mRNA to the other is as intended and the total mRNA dose has 
not been exceeded. 
 
6.8.4.4 Safety attributes 
 
Each lot of final vaccine should be tested for bacterial and fungal sterility (including 
demonstration of lack of bactericidal or fungicidal activity of the test article). If the vaccine is 
to be administered by a non-parenteral route, then omission of the sterility test and inclusion 
of an appropriate alternative microbial bioburden test needs to be appropriately justified. 
Further, a test for endotoxin should be conducted on each lot and appropriate specifications 
defined. If required by the NRA, a test for pyrogenicity may be performed (which may be the 
monocyte activation test). Animal testing should be avoided whenever alternative satisfactory 
testing is available and allowed. For scientific and ethical reasons, it is desirable to minimize 
the use of animals in testing, and consideration should be given to the use of appropriate in 
vitro alternative methods for safety evaluation and other product control tests. In particular, 
manufacturers and regulators should take note of the decision of the WHO Expert Committee 
on Biological Standardization in 2018 to discontinue the inclusion of the general safety 
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(innocuity) test in routine lot release testing requirements for all vaccines in WHO 
Recommendations, Guidelines and other guidance documents for biological products (61). 
This test should therefore not be required or requested. 
 
6.8.4.5 Additional quality attributes 
 
Other important quality attributes should also be established and controlled. These can 
include appearance (including presence of both visible and sub-visible particulate matter), 
extractable volume and pH. Depending on the product characteristics, the control of other 
attributes such as osmolality or viscosity may also be important. For the final vaccine (drug 
product), additional attributes should include lipid/polymer identification and content, 
nanoparticle size, mRNA–lipid ratio and polydispersity index. 


With respect to nanoparticle size, multiple point control should be adopted similar to 
the control of nanoparticle-based therapeutic products, and the test used for measurement of 
particle size should be specified, as the results will be dependent upon the analytical method 
employed. The degree of encapsulation of the mRNA in the LNP should also be regarded as a 
critical quality attribute as non-encapsulated mRNA is considered to be unstable. 
Confirmation should be provided that the structure of the final product does not change due 
to freeze-thawing and dilution. Techniques such as gel or capillary electrophoresis and/or 
HPLC already being performed for purity or for identity may also be useful in assessing some 
quality attributes. 


Other tests (such as a test for residual moisture if the vaccine is lyophilized) may be 
required to confirm the physical characteristics of the product as well as the formulation. 
Validation of the analytical methods used should be described to assure the control of the 
identified critical quality attributes of the drug product. 
 
6.8.4.6 Potency 
 
The potency of each lot of the final vaccine should be determined using a suitably 
quantitative and validated functional method(s). Different tests may be required to control 
various aspects of potency (including functionality), which will likely be disease specific. 
Immunogenicity in the vaccine recipient is a complex function of the final vaccine properties, 
including delivery to target cells by its formulation as well as expression of the mRNA-
encoded protein(s) (which may include a self-amplifying replicon component). Thus, 
potential in vitro potency assays may include cell-based transfection systems or cell-free 
assays. Such methods would demonstrate that the correctly sized protein of correct identity is 
expressed from the mRNA. However, because potency should be analyzed on the basis of not 
only the product type (in this case mRNA vaccines) but also the clinical indication of the 
disease to be prevented, it is not possible to indicate a particular assay method that should be 
used to measure potency. Scientific justification for the potency test(s) selected to control the 
product should be provided and correlated with clinical performance, as with all quality 
control tests. 


When a new candidate vaccine against a new strain(s) is developed, consideration 
should be given to ensuring that the potency assay(s) used is valid for the strain change. 


The potency specifications for mRNA vaccines should be set based on the minimum 
dose used to demonstrate efficacy in clinical trials plus human immunogenicity data. An 
upper limit should also be defined based on available human safety data. 


Animal-based assays tend to be highly variable and difficult to validate. Consideration 
should therefore be given to the use of appropriate in vitro alternative methods for potency 
evaluation. It is envisaged that, as with plasmid DNA vaccines, a combination of biochemical 
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or biophysical measures (such as nucleic acid quantity and mRNA integrity) might be used to 
establish and monitor the potency of mRNA vaccines. Manufacturers are encouraged to work 
towards the goal of employing in vitro assays that are suitably quantitative and assess 
function. However, it needs to be acknowledged that these measures only account for the 
mRNA and not the impact of any formulation, adjuvant, immunomodulators and so on, and 
the potency assessment of mRNA vaccines will thus need to be considered on an individual 
case-by-case basis. Therefore, discussing appropriate potency measures and reaching 
agreement with the NRA is advised. 
 
6.8.4.7 Reference materials 
 
A suitable lot of the final vaccine that has been clinically evaluated should be fully 
characterized in terms of its chemical composition, purity, biological activity and full 
sequence, and retained for use as an internal reference material. This material should be used 
as the basis for evaluation of product quality for commercial production lots (see also section 
6.7.1.6 above). 


In the future, national standards may be prepared and provided by the NRA while 
international standards may become available from WHO. Should such international 
standards become available it will be important to calibrate the internal or national reference 
material against them. In this way, comparisons can be made in a more reliable way 
whenever new reference materials need to be prepared. In addition, the expression of results 
in a common unit (such as IU), when appropriate, will also allow for the comparison of test 
results obtained from different laboratories, and for different products against the same 
pathogen based on the same or similar technologies (for example, different COVID-19 
mRNA vaccines). 
 
6.8.4.8 Stability testing, storage and expiry date 
 
The relevant guidance provided in WHO good manufacturing practices for biological 
products (21), WHO good manufacturing practices for sterile pharmaceutical products (22) 
and WHO Guidelines on stability evaluation of vaccines (25) appropriate for the respective 
mRNA vaccine should apply. Furthermore, the WHO Guidelines on the stability evaluation 
of vaccines for use under extended controlled temperature conditions (27) might also apply. 
The statements concerning storage temperature and expiry date that appear on the primary 
and secondary packaging should be based on experimental evidence and should be submitted 
to the NRA for approval. For guidance regarding vaccine vial monitors, the WHO Getting 
started with vaccine vial monitors and related WHO guidance should be consulted (62, 63). 
 
6.8.4.8.1 Stability 
 
Adequate stability studies form an essential part of vaccine development. To support 
commercial use, the stability of the final product in the container proposed for use should 
therefore be determined and the results used to set a shelf-life under appropriate storage 
conditions. Attributes that are stability-indicating should be measured and these may include 
appearance (including visible and sub-visible particulate matter), mRNA quantity, vaccine 
potency, mRNA integrity, degree of encapsulation, particle size, polydispersity and 
impurities associated with the mRNA and lipids. The attributes to be measured should be 
described and specifications defined and justified. Real-time stability studies should be 
undertaken for this purpose – though accelerated stability studies at elevated temperatures 
may provide additional and complementary supporting evidence for the stability of the 
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product and confirm the stability-indicating nature of the assays used to determine stability. If 
long-term storage (for example, > 6 months) at temperatures above freezing is being 
considered, this may require additional analytical testing to assess potential lipid oxidation or 
other such changes and the resultant impact of these changes on potency. 


In addition, accelerated and stress testing data as well as platform data can be taken 
into account to support the shelf-life. Stability data that support clinical use, such as data on 
stability at elevated temperatures for short-term storage and dispensing, should be generated. 
For multi-dose vials, in-use stability data will be needed to provide assurance of the required 
microbial quality and stability of the vaccine under in-use conditions (30). 


During initial clinical development limited stability information would be expected. 
For example, some regulators accept 3 months of real-time stability of the lot of final vaccine 
to be used in the proposed clinical trial in the containers that will be used for the clinical trial, 
or one produced in the same manner in the same container type and size and meeting the 
same specifications, at the time of application for clinical trial authorization, but this should 
be agreed with the NRA. Initial clinical development may also be supported by including 
results from predictive stability modelling utilizing an accelerated stability assessment 
programme. Likewise, stability data on a platform technology can be supportive for new 
candidate vaccines based on that platform. 


If deep-freeze conditions are recommended for long-term storage, then alternative 
short-term storage conditions (such as frozen and/or refrigerated) should be explored to 
support vaccine distribution and dispensing. Similarly, temperature excursion studies or 
transportation simulation studies may also be expected. Container-closure system 
compatibility with storage stability (including with regard to leachables and extractables) 
should be assessed and discussed. The stability assessment should comply with WHO 
Guidelines on stability evaluation of vaccines (25). Consideration should be given to the 
development of vaccine formulations that are more thermostable to improve their global 
utility. 
 
6.8.4.8.2 Storage conditions 
 
Storage conditions should be validated. The vaccine should not be stored for a length of time 
and/or at a temperature greater than that shown by the manufacturer to be compatible with a 
minimal loss of potency before being distributed by the manufacturing establishment or 
before being issued from a storage site. The maximum duration of storage should be fixed 
with the approval of the NRA based on the results of stability studies and should be such as to 
ensure that all quality specifications for the final product, including the minimum potency 
specified on the container or package, are maintained until the end of shelf-life. During 
clinical trials, this period should ideally be at least equal to the expected duration of the 
vaccine administration stage in the fully enrolled clinical trial. 
 
6.8.4.8.3 Expiry date 
 
The expiry date should be defined on the basis of the shelf-life of the final container 
supported by real-time stability studies and should be approved by the NRA. The expiry date 
should be based on the date of blending of the final formulated bulk, the date of filling or the 
date of the first valid potency test on the final lot, as appropriate, and agreed with the NRA. 
 
6.9 Records 
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The relevant guidance provided in WHO good manufacturing practices for pharmaceutical 
products: main principles (19) should apply, as appropriate to the level of development of the 
candidate vaccine. 
 
6.10 Retained samples 
 
A sufficient number of samples should be retained for future studies and needs. These needs 
may include but are not limited to manufacturing investigations or development, nonclinical 
studies or future bridging clinical trials. A vaccine lot used in a pivotal clinical trial may 
serve as a reference material and a sufficient number of vials should be reserved and stored 
appropriately for that purpose. Advanced planning is required to enable the retention of an 
appropriate number of containers of the pivotal clinical trial lot. 
 
6.11 Labelling 
 
The guidance on labelling provided in WHO good manufacturing practices for biological 
products (21) should be followed as appropriate. The label of the carton enclosing one or 
more final containers, or the leaflet accompanying the container, should include, at a 
minimum and as agreed with the NRA: 
 


 the common and trade names of the vaccine; 
 INN, if applicable; 
 the names and addresses of the manufacturer and distributer; 
 lot number; 
 nature and content of the drug (active) substance; 
 product composition, including list of excipients; 
 a statement that specifies the nature and content of adjuvant contained in one 


human dose, if any; 
 dosage form and appearance; 
 the immunization schedule and the recommended route(s) of administration; 
 the number of doses, if the product is issued in a multi-dose container; 
 the name and concentration of any preservative added; 
 a statement on the nature and quantity, or upper limit, of any antibiotics present in 


the vaccine; 
 a statement on the trace amounts of any other residuals of clinical relevance; 
 the temperature recommended during storage and transport; 
 container-closure information; 
 the expiry/retest date; 
 any special dosing schedules; 
 any special instructions for in-use handling – for example, necessity for gloves to 


prevent exposure of product to RNases when handling multi-dose vials, or 
stability on mixing of contents; and 


 contraindications, warnings and precautions, and information on concomitant 
vaccine use and on known adverse events. 


 
6.12 Distribution and transport 
 
The guidance provided in WHO good manufacturing practices for biological products (21) 
appropriate for the vaccine should apply. Further guidance is provided in WHO Model 
guidance for the storage and transport of time- and temperature-sensitive pharmaceutical 


1.5_Global&Regional


SAGE meeting April 2022 37







 
 


38 
 


products (26). Shipments should be maintained within specified temperature ranges, as 
applicable, and packages should contain cold-chain monitors, if applicable (27). 
 
7. Nonclinical evaluation of mRNA vaccines 
 
The nonclinical evaluation of candidate mRNA vaccines should be considered on a product-
specific basis taking into account the intended clinical use. The design, conduct and analysis 
of nonclinical studies including selection of appropriate studies relating to the “pharmacology” 
(in the case of vaccines, immunogenicity and proof-of-concept) and toxicology of the product 
should be based on the following WHO guidelines: 
 


 WHO guidelines on nonclinical evaluation of vaccines (16); and 
 WHO Guidelines on the nonclinical evaluation of vaccine adjuvants and 


adjuvanted vaccines (17). 
 


There are several potential concerns that need to be considered during the safety and 
proof-of-concept evaluations of mRNA vaccines. Because of the novelty of this product type, 
numerous issues are addressed below which may be relevant to any given mRNA vaccine. 
However, there may also be future additional concerns that come to light that would need to 
be taken into consideration when appropriate. Not all of these issues will necessarily be 
relevant to any given mRNA vaccine, depending on its design. However, it is incumbent 
upon the vaccine developer/manufacturer to provide evidence demonstrating the proof-of-
concept (for example, immunogenicity and, if an appropriate animal model is available, 
challenge protection) and safety of their candidate vaccine. The types, design and number of 
studies expected should be agreed with the NRA. 
 
7.1 Pharmacology/immunology/proof-of-concept 
 
In addition to the types of studies discussed in the WHO guidelines above (16, 17), additional 
issues that the NRA might expect nonclinical studies to address may include: 
 


a. Durability of immune responses or immune cell phenotypes that suggest durability, 
particularly those that are proposed to be related to the candidate vaccine’s 
induction of protection. To assess the durability of immune responses, 
characterization of immune cell phenotypes and/or cytokine expression could be 
helpful in investigating persistence and memory responses. 


 
b. Induction of innate immune responses by RNA (such as induction of type I 


interferon), which have been reported to decrease translation of the target antigen 
or that could affect the need for (or timing of) boosts or subsequent doses. 


 
7.2 Safety/toxicity in animal models 
 
In addition to the expectations outlined in the WHO guidelines listed above (16, 17), 
consideration should be given to whether studies need to be designed to address the following: 
 


a. Biodistribution and persistence: developing a database of evidence about this 
potential concern will permit the more rapid development of future candidate 
vaccines (3, 64–69). This potential issue may also depend on whether the vaccine 
migrates to specific cells or tissues. Nonclinical studies that address whether the 
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mRNA and the LNPs (or lipid components) distribute away from the tissue into 
which the vaccine was administered, into which tissues they distribute and how 
long they persist may be expected by the NRA. Agreement on these studies should 
be sought from the NRA. 


 
b. Inflammation: RNA is inflammatory via a number of pathways, particularly via 


the innate immune system with its numerous sensors for RNA. In mRNA vaccines, 
both the mRNA molecules and the LNPs (which enable successful delivery and 
cellular uptake) have properties that can influence and trigger the innate immune 
system (70, 71). While some of this activity may be beneficial for the immune 
response to the vaccine, it will be important to monitor for both systemic and local 
toxicity and inflammatory responses. Nonclinical study design needs to take into 
account any immune responses, reactogenicity or toxicities that might predict 
immune indicators (70, 71) of serious adverse events or adverse events of special 
interest (AESI) in humans. Additionally, other components added to aid delivery, 
such as PEG, although relatively benign, can also influence the physicochemical 
properties and thus the safety profile (72–75). It is therefore important to 
understand the overall product profile including the formulation and how 
physicochemical properties (which may vary) can influence inflammation and the 
safety profile. The choice of animal model will, as always, be critical, recognizing 
that anti-RNA innate immune responses in animal models are generally 
significantly milder than those observed in humans. 


 
c. Unexpected and serious toxicities from modified nucleosides: some antivirals 


and anti-cancer drugs that contained specific unnatural nucleoside analogues with 
altered conformation have caused mitochondrial toxicities, resulting in myopathy, 
polyneuropathy, lactic acidosis, liver steatosis, pancreatitis, lipodystrophy and 
even fatality. However, some of these clinically observed toxicities were not 
observed in the nonclinical animal models used. While the modified nucleosides 
used in the most advanced mRNA vaccines (against COVID-19) are naturally 
occurring, future candidate vaccines may contain modifications that are unnatural. 
Thus, particularly for mRNA vaccines that include unnatural nucleoside 
modifications that have not already been well characterized in other developed 
nucleic-acid-based products, careful consideration will need to be given to how 
these potential toxicities might be observed in appropriate animal models and 
nonclinical studies during safety evaluation (76–78). 


 
d. Novel lipids and novel LNPs: because the lipids used to formulate the LNPs 


affect the overall charge of the particle, when using LNPs made with novel lipids 
or when the LNPs are themselves modified (for example, altered ratios or 
modified processes) and these LNPs have not previously been nonclinically and 
clinically tested in mRNA products encapsulated in LNPs, then evaluation of the 
toxicity of the new formulation containing the novel lipids (or any novel 
excipients) may be required. Furthermore, the NRA may require that the 
genotoxicity and systemic toxicity of the novel lipid component be assessed, 
similar to the expectations for novel adjuvants set out in the WHO Guidelines on 
the nonclinical evaluation of vaccine adjuvants and adjuvanted vaccines (17) 
and/or those for new chemical entities in the ICH guideline S2 (R1) (60). 
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e. Novel formulations: likewise, for formulations (other than LNPs) containing 
novel excipients, data on and assessment of the systemic toxicity and genotoxicity 
of the formulation may be expected. 


 
It should be noted that early theoretical concerns during plasmid DNA vaccine 


development regarding the potential for integration of vaccine nucleic acids into the host 
genome do not apply to mRNA vaccines for the following reasons: 
 


 The only known mechanism by which RNA can integrate into the host genome 
requires the presence of a complex containing reverse transcriptase and integrase. 


 Further, the design of candidate mRNA vaccines should be considered so that they 
do not include specific RNA-binding sites for primers required for the reverse 
transcriptase to initiate transcription. In addition, the RNA would have to be 
relocated to the nucleus after reverse transcription for the resulting product to be 
integrated. 


 Finally, the vaccine mRNA degrades within a relatively short time once taken up 
by the body’s cells, as does the cell’s own mRNA. During that entire time, the 
mRNA vaccine is expected to remain in the cytoplasm, where it will be translated 
and then degraded by normal cellular mechanisms. 


 
Therefore, nonclinical studies do not need to be performed to specifically address 


integration or genetic risks for mRNA vaccines. 
As with any vaccine that is anticipated to be used widely in pregnant women or 


women of childbearing potential, the guidance provided in section 4.2.2 of the WHO 
Guidelines on nonclinical evaluation of vaccines (16) and section D.2.3 of the WHO 
Guidelines on the nonclinical evaluation of vaccine adjuvants and adjuvanted vaccines (17) 
should be consulted. The necessity for such studies will be based on the target population for 
the given clinical indication of the vaccine. Often, if required, these studies are performed 
during or after pivotal clinical trials have been performed with the candidate vaccine 
produced using commercial manufacturing methods and scale. As a result, data should be 
available at the time of filing for marketing authorization on populations that include women 
of childbearing potential, and such data should be evaluated prior to the intentional enrolment 
of pregnant women in clinical studies. 


If clinical data from similar candidate vaccines based on the same platform 
technology are available, then agreement should be reached with the NRA on whether or not 
such data are scientifically sufficient to preclude the need for further nonclinical studies. If 
nonclinical safety data from similar candidate vaccines based on the same platform 
technology are available, agreement should also be reached with the NRA on whether or not 
such data are scientifically sufficient to preclude the need for further nonclinical safety 
studies. Likewise, nonclinical safety data (and if available, clinical data) from a monovalent 
drug product formulation can support the clinical development of a multivalent drug product 
formulation (for example, for different strains of the same disease antigen) or combination 
vaccine (different disease antigens) in cases where the same LNP with the same molar and 
mRNA–lipid ratios is used, and where the sum of all the mRNAs in the multivalent drug 
product formulation will be no more than the highest dose shown to be safe in the 
monovalent nonclinical safety study. 
 
7.3 Accelerating nonclinical evaluation in the context of rapid vaccine 
development against a priority pathogen during a public health emergency 
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In the case of the rapid development of vaccines against a priority pathogen during a public 
health emergency and when the new candidate vaccines are based on a given manufacturer’s 
platform technology, consideration may be given to an abbreviated nonclinical programme as 
follows: 
 


 Where changes are made to the sequence of the target antigen encoded in an 
mRNA vaccine that has already been clinically tested (for example, in the case of 
a pandemic influenza strain when a seasonal or other potential pandemic strain 
antigen has been tested, or where a variant SARS-CoV-2 spike protein arises), 
where the same LNPs are used (that is, same lipid composition and mRNA–lipid 
ratio, and where the total amount of mRNAs and LNPs per dose remain equal to 
or below that clinically tested) and where an approved manufacturing process is 
used, then, depending on NRA requirements, the nonclinical programme might be 
limited to an immunogenicity study (or studies) or a challenge-protection study 
(or studies) in a relevant animal model, if available. As much safety information 
as feasible should be collected during these immunogenicity or challenge-
protection studies on the understanding that such nonclinical proof-of-concept 
studies are generally performed without full compliance to good laboratory 
practices (GLP). If safety information on veterinary vaccines expressing related 
antigens is available, this might also be useful and should be provided. Any other 
information concerning the safety of the platform technology used should also be 
provided for NRA consideration, for example, prior toxicology and biodistribution 
study data. 


 Where the LNPs have been tested clinically with an unrelated mRNA such that 
the target antigen is novel (that is, not related to another antigen that has been 
clinically tested), then the approach of limiting nonclinical studies to an 
immunogenicity or challenge-protection study might not be sufficient. The 
decision regarding what type of nonclinical safety/toxicology information should 
be required might be guided by consideration of what and how much is known 
about the natural disease in terms of its pathology. If the natural disease is 
associated with immunopathology due to cross-reactivity, molecular mimicry, 
autoimmunity, allergenicity or immunity-associated disease enhancement, then 
toxicology studies would likely be needed to ensure that the novel target antigen 
was not associated with these effects. It should be noted that it may not be 
possible to investigate autoimmunity in nonclinical studies (16). Where natural 
disease is not associated with immunopathology or where little is known about the 
natural disease, discussion with the NRA should be undertaken on how the 
nonclinical programme might be abbreviated. 


 Finally, where the LNPs and the encoded target antigen (and hence the mRNA 
structure and sequence) are both novel, nonclinical evaluation may be more 
complex and more extensive studies may be required; thus, discussion with the 
NRA should also be undertaken and it may not be possible to significantly 
abbreviate the nonclinical programme. However, it may be possible to initiate 
clinical studies while some of the required nonclinical studies are being performed 
in parallel with (or slightly ahead of) clinical development. 


 
Decisions on abbreviating the nonclinical programme should always take into account what is 
already known about related and previously tested products, particularly if based on the same 
platform technology. If clinical data from a related product(s) are available, these data are 
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likely to be more meaningful for evaluating the safety of the candidate vaccine in humans 
than data from any given animal model or from an in vitro human model. 
 
8. Clinical evaluation of mRNA vaccines 
 
The clinical evaluation expectations for clinical trial authorization or marketing authorization 
will be driven by the disease against which the mRNA vaccine is being or has been 
developed and the vaccine mode-of-action (or mechanism-of-action). If an immune correlate 
of protection has been identified this may change the expectations compared to what might be 
expected in the absence of such a correlate. Clinical studies should adhere to the principles 
described in the WHO Guidelines for good clinical practice (GCP) for trials on 
pharmaceutical products (23) and the WHO Guidelines on clinical evaluation of vaccines: 
regulatory expectations (18). Post-marketing pharmacovigilance is also discussed in the latter 
guidelines. Furthermore, these same guidelines provide considerations in evaluating dosing 
regimens, clinical development plans, boosting, collection of safety data, designs for pivotal 
efficacy trials (including potential end-points), standardizing immunogenicity assays 
(including use of IS and reporting of data in IU) and immunobridging to infer efficacy (18). 
Considerations for studies during pregnancy are also discussed in these same guidelines. 


Clinical trials should capture safety, immunogenicity and efficacy data, as expected 
for any other type of vaccine, but with particular consideration given to the potential concerns 
outlined below as these may be more relevant for mRNA vaccines than for other types of 
vaccines that might already be licensed and with which regulators might be more familiar. 
 
8.1 Safety and immunogenicity evaluation 
 
Sufficient data should be obtained from preliminary clinical studies to permit evaluation of 
the following safety and immunological aspects that may be particularly relevant to mRNA 
vaccines: 
 


a. Adverse immune effects 
Transient decreases in lymphocytes (Grades 1–3) a few days after vaccination were 
reported in the interim human clinical trial results of an mRNA COVID-19 vaccine, 
with lymphocytes returning to baseline within 6–8 days in all participants and with no 
associated clinical observations (79). Such transient drops have been observed for 
other vaccines and have resulted in no significant deleterious effect on the immune 
response (80, 81). Because RNA induces type 1 interferons, which have been 
associated with the transient migration of lymphocytes into tissues, the phenomenon 
of any effect on lymphocyte counts in blood may need specific attention in 
preliminary clinical trials (67, 82–84). Nonetheless, because this phenomenon may be 
important for the immune response to the candidate vaccine, it may be important to 
observe whether changes in leukocyte counts and subsets are associated with any 
adverse clinical signs or symptoms. Thus, the monitoring of appropriate 
reactogenicity parameters in the immediate post-vaccination period is paramount. 
Further general guidance on safety evaluation is provided in section 7 of the WHO 
Guidelines on clinical evaluation of vaccines: regulatory expectations (18). 


 
b. Types and scope of immune responses 
In addition to the type and scope of immunogenicity described in the WHO 
Guidelines on clinical evaluation of vaccines: regulatory expectations (18), in studies 
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in which immunogenicity is measured, additional facets of the safety and 
immunogenicity of mRNA vaccines may include: 


 
 whether the mRNA candidate vaccine biases towards certain types of immune 


responses, depending on what is known about the natural disease and the vaccine 
mode-of-action. To date, two clinical studies of COVID-19 mRNA vaccines have 
noted a Th1-type bias (35, 41). This information may be useful for predicting and 
understanding the impact of the immune responses for a particular disease. 


 as with any new vaccine, any instances or evidence of AESI as defined in the 
WHO Guidelines on clinical evaluation of vaccines: regulatory expectations (18) 
or of any other novel adverse event should be captured in clinical trials and in 
post-marketing evaluation. If so, then investigations should be conducted into 
associations and potential causes, such as whether unwanted immune responses 
against vaccine components (such as RNA or lipids) are generated or, if pre-
existing in the vaccine recipient, are increased or exacerbated. Alternatively, 
epitope mimicry due to the responses to the expressed antigen(s) may need to be 
investigated. 


 
Consideration should also be given to the total dose of mRNA (especially if the 


vaccine is a multivalent or combination vaccine, or an sa-mRNA vaccine where separate 
mRNAs are used) and to the total dose of LNPs with regard to the maximally tolerable dose 
determined during the development of an mRNA vaccine. For platform technologies, a 
maximally tolerable dose for a given population may be suggested by the dose previously 
determined for vaccines (or candidate vaccines) produced using that platform. 


If boosting following a primary dose or series is being considered due to waning 
effectiveness, careful evaluation of any increased frequency or severity of local or systemic 
reactions should be performed. As with all vaccines, it is recommended that a careful 
exploration of dose, timing and number of immunizations (primary series and boosters if 
needed), and kinetics and durability of immune responses be performed in preliminary 
clinical trials to guide the design of the efficacy trial(s). Discussion of these issues can be 
found in section 5.5 of the WHO Guidelines on clinical evaluation of vaccines: regulatory 
expectations (18). In certain situations, a determination that booster doses are needed might 
not be made until post-marketing data have been collected (for example, indicating waning 
immunity or protection). The above Guidelines (18) also discuss the boosting of licensed 
vaccines in section 5.6.1.2.3, which addresses the situation in which an alternative posology 
to the licensed product may need to be developed for the booster. Waning protection and the 
necessity for booster doses is then discussed in section 6.3.8. (18). Differences between the 
vaccine and circulating strains, including the potential need to add or replace strains, are 
briefly discussed in section 5.3.3 and other sections that discuss influenza vaccines, for which 
strain changes are frequently made. 


It should be noted that during clinical trials or widespread use of COVID-19 mRNA 
vaccines, immunologically relevant adverse events of particular note (such as anaphylaxis or 
anaphylactoid reactions) have been observed (85, 86). Anaphylaxis is known to occur very 
rarely with all vaccines and is not unique to mRNA vaccines. It is not yet known what aspect 
of the formulation is associated with immunological adverse events and it is advised, as with 
other vaccines, that individuals with known allergies to specific vaccine components should 
not be vaccinated with vaccines containing such components (87–90). Myocarditis and 
pericarditis have also been observed during COVID-19 mRNA vaccine pharmacovigilance 
and appear to be associated – though the biological mechanism and associated vaccine 
component have not yet been identified (91, 92). It should further be noted that recent 
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publications by several regulatory authorities provide useful relevant information, including 
publications by the European Medicines Agency (69, 93), the Medicines and Healthcare 
products Regulatory Agency (87, 94) and the US Food and Drug Administration (90, 95). 


In line with the WHO Guidelines on clinical evaluation of vaccines: regulatory 
expectations (18), the establishment and implementation of active pharmacovigilance plans 
are recommended. In the specific case of COVID-19 or other vaccines deployed in the 
context of a public health emergency, consideration should also be given to running a public 
awareness campaign on potential adverse events. As with any new vaccine, all adverse events 
potentially associated with COVID-19 vaccines are currently being further assessed as part of 
pharmacovigilance activities. 


Given the short period for and limited scope of safety studies as part of the efficacy 
studies that have led to the current widespread use of COVID-19 mRNA vaccines, and the 
still unknown long-term safety impacts of mRNAs formulated with LNPs in large human 
populations, it will be important to continue monitoring and recording rare adverse events 
that have an unknown relationship with the use of such vaccines. Regulatory agencies should 
analyze such data for vaccines made by different manufacturers to provide a better clinical 
understanding and a more precise safety profile for mRNA vaccines in the current 
formulation designs. Furthermore, manufacturers and public health agencies should consider 
conducting post-introduction vaccine effectiveness studies, addressing questions of 
effectiveness among specific at-risk groups, the duration of protection, and effectiveness 
against both infection and transmission. As stated above, this is a rapidly evolving area and 
significant new data are emerging on an ongoing basis. 


When international standards expressed in IU are available for standardizing the 
immune assays used in clinical evaluation of the vaccine, they should be used to calibrate 
internal standards or other working reference materials, and results should be reported in IU 
to improve the comparability of results across vaccines, across studies and across different 
assay platforms. 
 
8.2 Efficacy evaluation 
 
Efficacy evaluation will depend upon the disease against which the candidate vaccine is 
intended to protect, and the clinical indication determined in clinical trials. Factors that 
should be considered in the evaluation of vaccine efficacy are described in the WHO 
Guidelines on clinical evaluation of vaccines: regulatory expectations (18). 


It should be noted that in countries in which COVID-19 mRNA vaccines are currently 
being widely used, the use of placebo controls in trials requires special consideration. The 
ethical considerations regarding the conducting of ongoing COVID-19 vaccine trials with 
placebo controls were discussed in open public meetings held in December 2020 (96, 97). 
Trial design issues (including the selection of appropriate comparators) are discussed in the 
above WHO Guidelines (18). Further guidance is also provided in the outcome document of a 
WHO Expert consultation on the use of placebos in vaccine trials (98). As with all candidate 
vaccines, both the scientific merits and ethical considerations should inform the trial design 
and decisions must be made in the current benefit–risk context of the country in which 
regulatory authorization is being sought (99, 100). In addition, WHO has now published more 
than 70 Guidelines and Recommendations for vaccines against specific diseases, any one or 
several of which may provide relevant guidance on the evaluation of any given mRNA 
vaccine (13). 
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8.3 Efficacy evaluation in the context of a public health emergency in which 
immune-escape and other variants arise 
 
As discussed in section 5.6.2 of the WHO Guidelines on clinical evaluation of vaccines: 
regulatory expectations (18) it may be feasible to consider immunobridging between the 
manufacturer’s original candidate vaccine (or subsequently marketed vaccine) and a variant 
candidate vaccine in order to infer efficacy of the variant mRNA candidate vaccine based on 
a manufacturer’s given platform technology in which clinical end-point efficacy has been 
demonstrated for the original candidate (or marketed) vaccine. The immunobridging may 
have to be supported by justification of how comparable antibody titres for the prototype and 
variant vaccines would translate into similar efficacy. Consideration must be given to the 
following scenarios: (a) the variant candidate vaccine will replace the original candidate 
vaccine; or (b) the variant and original candidate vaccines will be combined (that is, in a 
bivalent or multivalent vaccine) or administered simultaneously or in sequence. Collection of 
comparative safety data during such immunobridging studies will also be expected. Overall, 
the considerations for immunobridging studies may depend upon factors such as the disease, 
pathogen and induced immune response(s) – trial designs and data requirements should thus 
be decided on an individual case-by-case basis. 


In the specific case of COVID-19 vaccines, consideration may be given to the 
guidance provided by WHO (101, 102), the European Medicines Agency (69, 93), the 
Medicines and Healthcare products Regulatory Agency (87, 94), the US Food and Drug 
Administration (90, 95) and other regulatory authorities (103–105). 


Currently, mRNA vaccines against influenza viruses are in development and any 
proposed strain changes may have to take into consideration current practices for inactivated 
or live attenuated influenza virus vaccines. The WHO recommendations to assure the quality, 
safety, and efficacy of influenza vaccines (human, live attenuated) for intranasal 
administration (106) and WHO Recommendations for the production and control of influenza 
vaccine (inactivated) (107) should be consulted. 
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USA; Dr L. Bisset, Medicines and Healthcare products Regulatory Agency, the United 
Kingdom; Dr E. Cocuzzi, Health Canada, Canada; Dr T. Class, Translate Bio, the USA; Dr S. 
Dubey, Dr J. Nussbaum, Dr L. Plitnick, Dr J. Prescott, Dr J. Wei and Dr Y. Zhang, Merck 
Vaccines, the USA; Dr M. Li and Dr S. Jin, Center for Drug Evaluation, National Medical 
Products Administration, China; Dr S. Gould, Charles River Laboratories, France; Dr Z. Guo, 
Chinese Pharmacopoeia Commission, China; Dr A. Gudjonsson, Dr G. Abrahamsen and Dr 
T.K. Andersen, Norwegian Medicines Agency, Norway; Dr F. Neske, CureVac, Germany; 
A.A. Zuniga, A.M. Santana Puentes, Instituto Nacional de Vigilancia de Medicamentos y 
Alimentos, Colombia; Dr S. Muchakayala, Touchlight Genetics Ltd, the United Kingdom; Dr 
S. Wendel, Hospital Sírio-Libanês Blood Bank, Brazil; Dr G. Sanyal, Dr P-A. Gilbert and Dr 
D. Robinson, Bill & Melinda Gates Foundation, the USA; Dr J. Wang, National Institutes for 
Food and Drug Control, China; Dr I. Zadezensky, Moderna, the USA; and A. Kuhn, U. 
Blaschke, K. Karikó, D. Theisen, B. Vallazza, C. Lindemann and E. Lagkadinou, BioNTech 
SE, Germany. Dr P. Barbosa, IFPMA, provided the consolidated comments of subject matter 
industry experts. 


Further changes were made to document WHO/BS/2021.2402 by the WHO Expert 
Committee on Biological Standardization. 
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Introduction 
 
The WHO Recommendations to assure the quality, safety and efficacy of live attenuated yellow 
fever vaccines were adopted in 2010 (1). Appendix 2 of these Recommendations addresses the 
testing of new virus master and working seed lots in non-human primates. Specifically, the 
appendix sets out the ways in which such lots should be tested for viscerotropism, 
immunogenicity and neurotropism, both in terms of clinical evidence and histological lesions, 
based on comparison against a reference virus approved by the NRA. Following reported 
discrepancies in the clinical scoring of monkeys during the assessment of working seed lots, 
WHO received a request from one yellow fever vaccine manufacturer to align the neurotropism 
assessment outlined in the 2010 Recommendations with that used for the neurovirulence testing 
of oral poliomyelitis vaccine seed lots in which clinical signs are recorded but do not form part 
of the assessment or pass/fail criteria (2). 


At its seventy-first meeting in August 2020, the WHO Expert Committee on Biological 
Standardization recommended that a drafting group be established to consult with as many 
yellow fever vaccine manufacturers and other stakeholders as possible on a proposed revision 
of Appendix 2 of the 2010 Recommendations (3). At its seventy-third meeting in December 
2020, the Committee was updated on the progress that had been made (4). The currently 
specified approach had now been associated with several technical challenges including: (a) a 
paucity of data on the performance of the test; (b) the difficulties inherent in conducting a 
collaborative study involving non-human primates; (c) the lack of an international reference 
standard for vaccines of the 17D-204 and 17DD lineages and consequent use of different 
reference materials; (d) reported discrepancies between clinical and histopathological 
assessments; (e) inconsistencies between staff in the scoring of clinical and histopathological 
observations; and (f) the sourcing of animals from different locations. 


Work on revising Appendix 2 of the 2010 WHO Recommendations commenced in 
early 2021. On 18–19 March 2021, a virtual WHO working group meeting was held to discuss 
a proposed draft of the revised text. Overall, there was a consensus among manufacturers and 
NRAs that clinical evaluation provides important information and should be retained as part of 
the neurotropism test. However, there was also agreement that the test is somewhat subjective 
and that analysis can be difficult. It was recognized that there was potential for improvement 
in both test execution and analysis to increase harmonization between organizations. Based on 
these working group discussions, the appendix was revised by the WHO drafting group. 
Following public consultation and further revision, the amendment to the 2010 WHO 
Recommendations presented below was reviewed by the Committee at its meeting in October 
2021. 


No attempt was made at this time to review the 2010 WHO Recommendations to assure 
the quality, safety and efficacy of live attenuated yellow fever vaccines in their entirety and 
only the issues outlined above have been addressed. 
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Amendment 
 
Replace Appendix 2 with the following text: 
 
Appendix 2 
 
Tests in non-human primates of new virus master and working seeds 
 
Neurotropism is defined as the tendency or capacity of a microorganism to cause disease of the 
nervous system and the yellow fever test in monkeys is a tropism test by this definition. 
However, it also involves examination of the tendency of the virus to cause viraemia after 
intracranial inoculation, which could be interpreted as a surrogate of both viscerotropism and 
the ability to induce an immune response in the same way. The test can differentiate between 
strains of yellow fever vaccine viruses using all three of these criteria. 


Each virus master and working seed lot should be tested for viscerotropism, 
immunogenicity and neurotropism in a group of 10 test monkeys compared against a second 
similar group of 10 monkeys injected with a reference virus. The same test and reference groups 
will be used for all of the viscerotropism, immunogenicity and neurotropism tests. The 
allocation of animals to the two groups should be blinded to the operators throughout the 
experiment. For the neurotropism test, the test monkeys inoculated intracranially with the virus 
seed lot should be compared against the 10 monkeys injected with the reference virus. Existing 
manufacturers should use a homologous reference – for example, where their working seed is 
to be replaced by another derived from the same master seed, the existing seed can be used as 
the reference material, provided it has been shown to produce a vaccine with satisfactory 
properties. It is recommended that sufficient stocks of such a reference are kept for all future 
anticipated replacements of the working seed. New manufacturers using a new seed should use 
a homologous preparation known to produce a satisfactory product as a reference material. The 
reference virus should be approved by the NRA. 


A WHO reference virus, 168-73, is available from the National Institute for Biological 
Standards and Control, Potters Bar, England. This virus is of the same lineage as the WHO 
primary seed 213-77 (see Appendix 1, Figure 1), but available published data show that it 
behaves differently to vaccines of at least one other lineage in the monkey test, being much 
less neurovirulent and producing a higher viraemia. It is likely, though unproven, that 168-73 
will be a satisfactory reference for seeds of the 213-77 lineage. While 168-73 is not suitable as 
a comparator for vaccines of other lineages, its inclusion in the neurotropism test as a common 
material would make it possible to compare different tests, and one lineage with another, for 
information. 


The monkeys should be Macaca mulatta (rhesus monkeys) or Macaca fascicularis 
(cynomolgus monkeys) and should have been demonstrated to be non-immune to yellow fever 
virus and other flaviviruses using a relevant test (such as the haemagglutination inhibition test,  
ELISA or seroneutralization assay) immediately prior to injection of the seed virus. Tests 
should be performed using healthy macaques of both sexes (weighing at least 2 kg and at least 
18 months old). The monkeys should not have been previously subjected to any 
experimentation. The test dose should be injected into one frontal lobe of each monkey, under 
anaesthetic, and the monkeys should be observed for a minimum of 30 days. 


The test dose should consist of 0.25 mL containing not less than 5000 (3.7 log10) IU 
and not more than 50 000 (4.7 log10) IU, as shown by titration in cell culture. In addition, the 
virus titres of the test virus seed lot and the reference virus should be as close as possible. 
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Historically, the test dose has consisted of 0.25 mL containing the equivalent of not less than 
5000 and not more than 50 000 mouse LD50, as shown by titration in cell culture. 


 
1. Viscerotropism test 
 
The criterion of viscerotropism (indicated by the amount of circulating virus) should be 
fulfilled as follows: sera obtained from each of the test monkeys on the second, fourth and sixth 
days after injection of the test dose should be inoculated at dilutions of 1:10, 1:100 and 1:1000 
into at least four cell culture vessels per dilution. In no case should 0.03 mL of serum contain 
more than 500 (2.7 log10) IU and in no more than one case should 0.03 mL of serum contain 
more than 100 (2.0 log10) IU. 
 
2. Immunogenicity test 
 
The criterion of sufficient virus-neutralizing antibody in the sera (immunogenicity) should be 
fulfilled as follows: at least 90% of the test monkeys should be shown to have become immune 
within 30 days following injection of the test dose, as determined by examining their sera in 
the yellow fever virus neutralization test described below. In some countries it has been shown 
that, at low dilutions, some sera contain nonspecific inhibitors that interfere with this test. The 
NRA may therefore require sera to be treated to remove such substances. 


Dilutions of 1:10, 1:40 and 1:160 of serum from each test monkey should be mixed 
with an equal volume of strain 17D vaccine virus at a dilution that has been shown to yield an 
optimum number of plaques when assayed according to one of the cell culture methods given 
in Appendix 4. These serum–virus mixtures should be incubated in a water bath at 37 °C for 1 
hour and then chilled in an ice-water bath before inoculation of 0.2 mL aliquots of each mixture 
into each of four separate cell culture vessels. The vessels should be handled in accordance 
with one of the cell culture techniques described in Appendix 4. In addition, 10 vessels should 
be similarly inoculated with a pre-incubated mixture of the same virus with an equal volume 
of a 1:10 dilution of monkey serum known to contain no neutralizing antibodies to yellow fever 
virus. At the end of the observation period, the mean number of plaques in the vessels 
containing virus and non-immune serum should be compared with the mean number of plaques 
in the vessels containing virus and serum from test monkeys. For the immunogenicity test to 
be satisfied, serum at the 1:10 dilution from no more than 10% of the test monkeys should fail 
to reduce the mean number of plaques by 50% as compared with the vessels containing non-
immune serum. 
 
3. Neurotropism test 
 
The monkeys in the test group should be compared with 10 monkeys injected with the reference 
virus with respect to both clinical evidence of encephalitis and the severity of histological 
lesions of the nervous system (5, 6). 
 


The onset and duration of the febrile reaction should not differ between monkeys injected with 
the test virus or with the reference virus. 


 
3.1 Clinical evaluation 
 
The monkeys should be examined daily for 30 days by personnel familiar with the clinical 
signs of encephalitis in primates. All such signs should be recorded individually on a daily 
basis. Evaluation may include observation from a distance using closed circuit television to 
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gather information. The use of implantable telemetry devices (for example to produce 
electroencephalograms or to monitor temperature and motor activity) may also be considered.  
 


If necessary, the monkeys may be removed from their cages and examined for signs of motor 
weakness or spasticity, as described elsewhere (6). 


 
Signs of encephalitis – such as paresis, incoordination, lethargy, tremors or spasticity – 


should be assigned numerical values for severity by the following grading method. Each day 
each monkey should be given a numerical score based on this scale: 
 


0: no general signs or signs of CNS involvement; 
1: rough coat, not eating; 
2: high-pitched voice, inactive, slow moving; 
3: shaky movements, tremors, incoordination, limb weakness; 
4: inability to stand, limb paralysis or death. 


 
Any animal unexpectedly found to be moribund, cachectic or unable to obtain food or 


water must be euthanized. A monkey that dies receives the score “4” from the day of death 
until day 30. 


The clinical score for each monkey is the average of its daily scores; the clinical score 
for a group is the arithmetic mean of the individual scores. The timing of the development of 
clinical signs and their disappearance, as well as their severity, provides evidence of the 
phenotypic identity of the test vaccine virus and the reference virus. For the test material to be 
considered sufficiently comparable to the reference material, as required, it should produce no 
statistically different clinical signs, including in terms of the timescale of their appearance and 
resolution. It is acknowledged that the clinical evaluation may be imprecise. 
 
3.2 Histopathological evaluation 
 
The cervical and lumbar enlargements of the spinal cord and specific structures at five levels 
of the brain should be examined (6) (see Appendix 3). The cervical and lumbar enlargements 
should each be divided equally into six blocks. The blocks should be dehydrated and embedded 
in paraffin wax; 15 µm sections should be cut and stained with gallocyanin. Alternatively, 5 µm 
sections will be suitable for hematoxylin and eosin (H&E) staining or Nissl staining 
(gallocyanin, cresyl violet), as well as for immunohistochemistry techniques. One section, 
consisting of two hemisections, should be cut from each block. 


Tissue blocks 3–4 mm thick should be taken from the brain by making the following 
frontal cuts: 
 


Block I: the corpus striatum at the level of the optic chiasma; 
Block II: the thalamus at the level of the mamillary bodies; 
Block III: the mesencephalon at the level of the superior colliculi; 
Block IV: the pons and cerebellum at the level of the superior olives; 
Block V: the medulla oblongata at the midlevel of the inferior olives. 


 
These blocks should be dehydrated and embedded in paraffin wax and 15 µm sections 


cut and stained with gallocyanin. Alternatively, 5 µm sections will be suitable for H&E staining 
or Nissl staining (gallocyanin, cresyl violet), as well as for immunohistochemistry techniques. 
A single section, consisting of two hemisections, should be cut from each block. 
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Sections should be examined microscopically and numerical scores assigned to each 
hemisection of the cervical and lumbar enlargements, and to each anatomical structure (see 
Appendix 3) within each hemisection of the brain blocks, according to the following grading 
system: 
 


1 (minimal): 1–3 small, focal inflammatory infiltrates. A few neurons may be 
changed or lost; 


2 (moderate): more extensive focal inflammatory infiltrates (neuronal changes or 
loss affects no more than one third of neurons); 


3 (severe): neuronal changes or loss of 33–90% of neurons, with moderate focal 
or diffuse inflammatory infiltration; 


4 (overwhelming): more than 90% of neurons are changed or lost, with variable, but 
frequently severe, inflammatory infiltration. 


 
Each brain block contains several anatomical structures, which contribute in different 


ways to the assessment of a test sample. For example, certain structures differentiate more 
reproducibly than others between acceptable and unacceptable yellow fever seed lots and 
vaccines (6). These are called “discriminator areas”, whereas structures that are more 
susceptible to yellow fever virus replication are called “target areas”. Though both rhesus and 
cynomolgus monkeys are acceptable, the discriminator and target areas are different for the 
two species. The major difference is that in cynomolgus monkeys the cervical and lumbar 
enlargements are target areas whereas in rhesus monkeys they are discriminator areas. The 
footnotes to the worksheets provided in Appendix 3 indicate in more detail the discriminator 
and target areas for the two species. The worksheets also list other anatomical structures that 
will be present in the brain sections but that are not included in the evaluation of a test sample 
because they are rarely affected (spared areas). 


Three separate scores should be calculated for each monkey: (a) discriminator areas 
only; (b) target areas only; and (c) discriminator plus target areas. These three scores should be 
calculated as shown in the sample worksheets provided in Appendix 3. 


Overall mean scores should also be calculated for each group of monkeys as the 
arithmetic mean of individual monkey scores for discriminator areas only, and for discriminator 
plus target areas. Both of these overall mean scores should be considered when determining 
virus seed lot acceptability. For the histological criterion of the neurotropism test to be satisfied, 
both of the overall mean scores for the test monkeys should not be significantly greater (at the 
5% significance level) than the overall mean scores for the monkeys injected with the reference 
virus. 


Both the clinical and histological criteria of the neurotropism test should be satisfied in 
order for the virus seed lot to meet the requirements for use in production. 


It is acknowledged that clinical observations may be more subjective than histological 
scoring. 
 


Manufacturers are encouraged to explore the possible use of telemetry to render the assessment 
more objective. 


 
Any failure to meet the statistical criteria should result in failure of the batch. Any 


exception made to this rule should be rare and would only be acceptable after a thorough 
investigation of the conducting of the tests, including a review of historical in-house data. 
Clinical observation should be included in the review and the record of the ultimate decision 
even if the findings do not meet the statistical criteria for a pass. However, any decision to 
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ignore the statistical evaluation of clinical signs should be a rare and exceptional event 
involving close discussion with the NRA. 
 
Authors and acknowledgements 
 
The first draft of this amendment of Appendix 2 of the WHO Recommendations to assure the 
quality, safety and efficacy of live attenuated yellow fever vaccines was prepared by a WHO 
drafting group comprising Dr P. Minor, St Albans, the United Kingdom; Dr J. Martin, National 
Institute for Biological Standards and Control, the United Kingdom; Professor A. D.T. Barrett, 
University of Texas Medical Branch Sealy Center for Vaccine Development, the United States 
of America (USA); Dr G. Cirefice, European Directorate for the Quality of Medicines & 
HealthCare, France; Dr E. Grabski, Paul-Ehrlich-Institut,  Germany; Mrs F. Garnier, Agence 
nationale de sécurité du médicament et des produits de santé, France; Mrs V. Pithon, Agence 
nationale de sécurité du médicament et des produits de santé, France; and Dr D. Lei, World 
Health Organization, Switzerland, taking into consideration the discussions and consensus 
reached during a WHO working group meeting to amend the WHO Recommendations to 
assure the quality, safety and efficacy of live attenuated yellow fever vaccines, held virtually 
via Zoom video conferencing, 18–19 March 2021 and attended by: Professor A.D.T. Barrett, 
University of Texas Medical Branch Sealy Center for Vaccine Development, the USA; Dr R.M. 
Bretas, Agência Nacional de Vigilância Sanitária, Brazil; Dr G. Cirefice, European Directorate 
for the Quality of Medicines & HealthCare , France; Dr M. Diagne, Direction des Laboratoires, 
Senegal; Dr A. Dieng, Direction de la Pharmacie et du Médicament, Senegal; Dr E. Grabski, 
Paul-Ehrlich-Institut, Germany; Mrs F. Garnier, Agence nationale de sécurité du médicament 
et des produits de santé, France; Dr Y. Li, National Institutes for Food and Drug Control, China; 
Dr J. Martin, National Institute for Biological Standards and Control, the United Kingdom; Dr 
P. Minor, St Albans, the United Kingdom; Mrs V. Pithon, Agence nationale de sécurité du 
médicament et des produits de santé, France; Dr M.F. Reis e Silva Thees, Agência Nacional de 
Vigilância Sanitária, Brazil; Dr  J. Wang, National Institutes for Food and Drug Control, China; 
Dr Y. Wang, National Institutes for Food and Drug Control, China; Dr M. Xu, National 
Institutes for Food and Drug Control, China; Dr A. Trapkova, Federal Service for Surveillance 
in Healthcare, Russian Federation; Dr D. Yakunin, Federal Service for Surveillance in 
Healthcare, Russian Federation; Dr F. Cano, Agence nationale de sécurité du médicament et 
des produits de santé, France; and Dr G. Cooper, National Institute for Biological Standards 
and Control, the United Kingdom. The following participants attended the meeting as 
representatives of vaccine manufacturers: M. da Luz Fernandes Leal; M. da Silva Freire; R.C. 
Guimarães; A. Homma; and R. Marchevsky (Bio-Manguinhos/Fiocruz, Brazil); A. Malkin; 
and A. Sinyugina (Chumakov Federal Scientific Center for Research & Development of 
Immune-and-Biological Products of Russian Academy of Sciences, Russian Federation); Y. 
Chen; H. Wang; N. Li; X. Zhu; and C. Jia (Beijing Institute of Biological Products Co., Ltd, 
China); C. Logvinoff; C. Allain; and E. Coppens (Sanofi Pasteur, France); and A.M. Diatta; 
and A.A. Sall (Institut Pasteur de Dakar, Senegal). The WHO Secretariat for the working group 
comprised: Dr I. Knezevic; and Dr D. Lei, Technical Specifications and Standards Unit, Access 
to Medicines and Health Products Division, World Health Organization, Switzerland; and Dr 
M. Janssen, Prequalification unit, Regulation and Prequalification, World Health Organization, 
Switzerland. 


The resulting document WHO/BS/2021.2401 was then posted on the WHO Biologicals 
website for a round of public consultation from 24 June to 24 September 2021. Comments were 
received from vaccine manufacturers, regulators and individual experts. 


Further changes were made to document WHO/BS/2021.2401 by the Expert 
Committee on Biological Standardization. 
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IA2030 Deep Dive: 


We can all do better – Recovering, building resiliency, and 


strengthening of immunization in 2022 and beyond 
Purpose of session 


Vaccination coverage estimates in 2020 highlight the adverse impact of the COVID-19 


pandemic on vaccination coverage rates, and the dramatic increase in the number of zero-


dose children.  


Immunization programme recovery has been mixed among countries, with many continuing 


to face challenges in 2021 and 2022.  With immunity gaps persisting after, and in some 


cases growing, since the onset of the COVID-19 pandemic, this SAGE session will discuss the 


importance and need to urgently recover immunization programmes, build their resiliency, 


and strengthen for the long term.  


SAGE is asked to endorse the importance for countries to develop and implement strategies 


to urgently bridge immunity gaps, recover immunization programmes, and build resiliency 


against future disruptions and health system strains.  SAGE is also asked to provide input 


and endorse “Guiding Principles for recovering, building resiliency, and strengthening of 


immunization in 2022 and beyond”.   


Background description 


The most vulnerable populations have been hardest hit by the pandemic. The Immunization 


Agenda 2030 (IA2030) and Gavi 5.0 priorities to sustainably reach zero-dose children and 


missed communities has become even more urgent.  


In 2020, COVID-19 related disruptions led to a 3% drop in global DTP3 coverage and an 


increase of 3.7 million under-vaccinated children. Over 95% of these were zero-dose 


children, mostly in Gavi 68 countries. Available data suggests the largest disruptions were in 


Q2 2020, with the majority of countries beginning to restore routine immunization services 


in the second half of the year. But in many countries, services have not yet returned to 2019 


baseline levels, and even for those countries that have returned to baseline levels, many 


children missed during 2020 have not been caught up on their vaccination needs.  


Although not at the same global scale as in 2020, disruptions to routine immunization and 


the health system have occurred in many countries in 2021 and 2022 due to multiple 


COVID-19 waves and the additional challenge of delivering COVID-19 vaccine.  As immunity 
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gaps persist, and in some cases widen, the risk of outbreaks, medical impoverishment and 


excess child mortality will increase, as well as the burden on heavily strained health systems. 


SAGE is requested to comment on the urgency of the situation and importance of countries 


to develop a comprehensive catch-up vaccination strategy that balances the urgency of 


current immunity gaps and the long term needs to build resiliency against future disruptions 


or future strains.  SAGE is also asked to provide input and endorse “Guiding Principles for 


recovering, building resiliency, and strengthening of immunization in 2022 and beyond”. 
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Purpose of this guidance 


• To assist national immunization programmes to establish or refine a catch-up vaccination policy 


and catch-up schedule, as an essential component of a well-functioning immunization programme.   


• To ensure eligible individuals who miss routine vaccine doses for any reason can be identified and 


vaccinated at the earliest opportunity. 


• To lay out strategies for continuously implementing catch-up vaccination as a component of routine 


immunization and as an integrated part of the healthcare system, as well as describe intensified 


strategies to close “immunization gaps” following a significant disruption in immunization services. 


This guidance consists of the following sections: 


Section 1. Principles of catch-up vaccination 


The first section of this guidance document outlines the key policy and programmatic considerations for 


implementing catch-up vaccination as an on-going or continuous component of routine immunization 


delivery. All immunization programmes should have a catch-up vaccination policy and catch-up 


vaccination schedule in place to ensure individuals are able to be vaccinated even if they miss one or 


more scheduled doses. This guidance covers the main considerations for catch-up vaccination across all 


aspects of the immunization programme. 


Section 2. Special catch-up vaccination efforts following an interruption of services 


The second half of this guidance addresses planning and implementing additional large-scale intensified 


and specialized efforts that may be required to identify and seek out groups who have missed 


vaccination, to close immunization gaps as quickly as possible following a significant period of 


interruption or reduction in services.  These interruptions or reduction in services are often the result of 


emergency situations, where routine immunization services are diminished, mass vaccination 


campaigns are delayed, or vaccine shortages are prolonged. In most cases, a significant interruption in 


immunization services will be a consequence of a large-scale disruption in the overall health system, 


therefore any specialized efforts to restart and/or intensify immunization efforts should be part of an 


overall health system recovery plan.  


These specialized efforts should be implemented in addition to providing year-round continuous catch-


up vaccination through routine immunization services which is outlined in Section 1. 
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Key terms 


Catch-up vaccination – refers to the action of vaccinating an individual, who for whatever reason 


(e.g. delays, stockouts, access, hesitancy, service interruptions, etc.), is missing/has not received 


doses of vaccines for which they are eligible, per the national immunization schedule. 


• Catchup vaccination can be conducted through regular routine immunization service delivery 


(fixed, outreach, mobile, school-based), periodic intensification of routine immunization (PIRI) 


activities, or through innovative local strategies that ensure individuals have the opportunity to 


receive routine immunizations for which they are overdue and eligible.   


• Catch-up  vaccination as described in this document is not equivalent to other immunization 


activities that use the word ‘catch-up’ such as ‘catch-up SIAs’ that are one-time campaigns to 


vaccinate the main target population responsible for disease transmission in order to rapidly 


reduce the number of susceptible individuals (see SIAs below), other ‘catch-up campaigns’ that 


sometimes accompany new vaccine introductions, or from the strategy of ‘catch-up, keep-up, 


follow-up, speed-up’ used for measles elimination in the Region of the Americas.1 


Catch-up vaccination policy – as part of the national immunization policy, a catch-up policy should 


provide clear directives to all actors within the immunization programme on the importance of 


providing vaccinations for individuals who have missed one or more doses, how to determine eligibility 


and permissible age ranges, correct recording and reporting of late doses  and the value of using every 


health contact as an opportunity to check vaccination history and provide catch-up as appropriate. 


Catch-up vaccination schedule – along with a catch-up policy, every country should have a catch-up 


vaccination schedule that clearly indicates the age cohorts to whom the catch-up schedule applies, 


minimum and maximum ages (if applicable as per national policy) and directives on minimum intervals 


permissible between doses for each antigen, to assist health workers and individuals to complete the 


vaccination schedule if interrupted or delayed (see Box 1).  


Delayed dose – refers to a vaccine dose given “late”, or past the window of timeliness set for that 


vaccine, in the national immunization schedule.  


Invalid dose – a vaccine dose is considered invalid if it is administered earlier than the minimum age 


recommended, or earlier than the minimum interval since the previous dose in the vaccine series. 


Invalid doses may not elicit an adequate immune response and therefore should be repeated once the 


individual has reached the minimum age and/or the appropriate minimum interval has passed.  


Minimum interval – for vaccines requiring multiple doses, the shortest amount of time permissible 


between doses in order to provide an adequate immune response. If the interval between the doses is 


shorter than the minimum interval, the vaccine may not be effective and is considered invalid. 


Periodic Intensification of Routine Immunization (PIRI) – an umbrella term to describe a spectrum of 


time-limited, intermittent activities used to administer routine vaccinations – including catch-up doses 


– to under-vaccinated populations and/or raise awareness of the benefits of vaccination.  Examples 


include Child Health Days, National Vaccination Weeks,  intensified social mobilization efforts, etc. PIRI 


activities are intended to augment routine immunization services by providing a catch-up opportunity 


for those who are the usual target for routine services but have been missed or not reached during the 


year. A key distinction between PIRI and SIAs (see below) is that PIRI doses are recorded on the home-


based record/immunization card as routine immunization doses and included in the administrative 


routine immunization coverage data.  In contrast, SIA doses are considered “supplemental” and not 


 
1 https://www.who.int/immunization/sage/FEASIBILITY_FULL_TEXT_y09_final_draft.pdf 
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included as part of the administrative routine immunization coverage.2 (See Annex 6 for an overview of 


PIRI including benefits, challenges, and considerations) 


Supplementary Immunization Activities (SIAs) – refers to vaccination campaigns that aim to quickly 


deliver vaccination of one (or multiple) antigens to a large target population with the objective of 


closing immunity gaps in the population. Achieving high population level immunity and speed are the 


priority, and typically there is no screening of vaccination history/status. The supplementary doses 


given are tallied but not included in the routine administrative national coverage data.  It should be 


noted that as best practice, some countries use home-based records/immunization cards that include a 


special separate section for recording “supplementary” doses given.  


An SIA should not be confused with a “selective” mass vaccination campaign; the latter does screen for 


eligibility and records the doses given to each individual on their home-based record/immunization 


card. In this way, “selective” mass vaccination campaigns are considered a PIRI approach and the doses 


should be reported in the routine administrative immunization coverage. 


Timely dose – refers to a vaccine dose administered within a certain time since the recommended age 


of vaccination. There is no universal standard window of time within which a vaccine must be given to 


be considered timely, and the timeliness window may vary for different antigens.   


 
2 See WHO/UNICEF Guidance note on Criteria to determine if a given vaccination is a routine or supplemental dose: 


www.who.int/immunization/programmes_systems/policies_strategies/guidance_note_on_vaccination_doses_oct_10_2011.p


df 
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Overview 


• Timely vaccination is key to maintaining population immunity against vaccine-preventable diseases 


(VPDs), ensuring populations are fully protected against life-threatening illnesses as early as 


possible, and preventing large outbreaks of VPDs. However, despite best efforts and intentions, 


individuals may not always receive all vaccinations in a timely manner as per the recommended age 


in a national immunization schedule.  


• Regularly scheduled vaccinations may be missed for a variety of context-specific reasons (e.g. 


difficulty accessing health services and other health system barriers, health worker practices, stock 


outs, beliefs held by caregivers and community members about vaccination, etc.).  


• No one should miss out on the right to the protection that vaccines offer, simply because they are 


not able to access services in time.  


• A catch-up vaccination strategy (which includes a clearly defined catch-up vaccination policy and 
catch-up schedule) is an essential part of a well-functioning national immunization programme 


and should be implemented on a continuous basis. 


• The importance of having a catch-up vaccination strategy is more pronounced when there is an 


extended interruption of routine immunization services or delay of mass vaccination campaigns 


(e.g., due to vaccine shortages or system disruptions caused by outbreaks or epidemics, natural 


disaster, acute conflict, population displacements, insecurity, etc.)  


• While every effort must be made to keep immunization services functioning during an emergency, 


unavoidable disruptions can result in a significant accumulation of susceptible individuals and may 


require additional specially planned catch-up efforts to address large immunization gaps. 


Opportunities for health systems strengthening 


Establishing or strengthening policies and systems for catch-up vaccination provides the opportunity for 


immunization programmes to: 


• review the immunization schedule and other technical guidelines, considering the epidemiological 


context (including surveillance systems and capacity) and utilization of health services, including 


opportunities for optimization and integration with other services; 


• identify, understand and modify immunization policy and practice issues that contribute to missed 


opportunities for vaccination (e.g. health worker hesitance to open multi-dose vials for a single 


child, restrictive target age groups or upper age limits for vaccination, misinformation on 


contraindications to vaccination and multiple injections, etc.); 


• integrate immunization service delivery platforms with other essential health services to strengthen 


Primary Health Care and to help achieve Universal Health Coverage;  


• strengthen collaborations with other sectors to engage or reach populations with immunization 


reminders or services, such as through daycare and school vaccination checks; 


• identify and manage immunization gaps in migrant, internally displaced or refugee populations who 


may be missing vaccinations per the local immunization schedule; 


• address gaps in the supply chain (e.g. procurement and distribution delays, suboptimal supply and 


stock management practices, insufficient cold chain capacity and equipment failure, etc.) 


• introduce targeted communications and behavioural interventions to help minimize missed 


vaccinations; 


• bridge immunity gaps through the routine immunization programme and ultimately reduce reliance 


on large-scale and costly supplemental immunization activities (SIAs). 


2.2_IA2030


SAGE meeting April 2022 10







1 
 


Section 1. Principles of catch-up vaccination  


Introduction 


• Everyone should fully benefit from vaccination by receiving recommended vaccines as soon as they 


are eligible, and those who arrive “late” should not be denied vaccination.  


• Most vaccines are safe and effective to administer with no upper age limit and while timely 


vaccination should always be the aim, it is almost always better to vaccinate late than never.  


There are a small number of vaccines for which upper age limits do apply for administration3, but 


for most vaccine-preventable diseases (VPDs), providing vaccines late will still result in protection 


against morbidity and mortality.  


• Providing catch-up vaccination for those who have missed doses can have a major impact on closing 


immunization gaps that would otherwise compound as populations increase in age.  As these 


individuals age, it becomes harder to identify effective ways to reach them with the needed 


vaccines.  


• Having a catch-up vaccination strategy in place is an essential part of a well-functioning routine 


immunization programme and should be implemented on a continuous basis to ensure an 


individual’s right to be offered the benefit of vaccination, even if it is late (see Figure 1). 


• All touchpoints with the health system should be used to reduce missed opportunities for 


vaccination4, by assessing vaccination status and vaccinating or referring individuals for catch-up 


vaccination if they have missed any doses. 


• A catch-up vaccination strategy relies on the availability of good record keeping of vaccination 


history – either in individual home-based records (HBRs), facility-based registers or electronic 


immunization registers (EIRs). Communication to caregivers and individuals on the importance of 


safeguarding the home-based record and making a habit of bringing it to every health contact can 


reinforce the value of vaccination and the concept that it is never too late to be immunized. 


Figure 1. Elements of a strong catch-up vaccination strategy  


  
 


3 For example, rotavirus vaccine is not recommended >24 months, Haemophilus influenza type b (Hib) is not recommended >5 


years as there is limited benefit beyond these ages due to disease epidemiology; DTP-containing vaccines should only be given 


with Td and aP if >7 years. For all WHO recommendations for routine immunization  and ages of eligibility, see WHO position 


paper Summary Tables, available at: https://www.who.int/immunization/policy/immunization_tables/en/ 


4 See WHO. Missed Opportunities for Vaccination (MOV) Strategy, at: 


https://www.who.int/immunization/programmes_systems/policies_strategies/MOV/en/ 
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1.1         Establishing a catch-up vaccination policy and schedule 


• Every country should have a clear catch-up vaccination policy and catch-up schedule designed in 


line with the national immunization schedule. The catch-up policy should provide clarity to health 


workers on:  


1) The importance of providing vaccinations for those who have missed one or more doses 


within the national immunization schedule,  


2) How to determine eligibility including permissible age ranges,   


3) Correct recording and reporting of delayed doses, 


4) Leveraging every health contact as an opportunity to check vaccination history and catch 


up on vaccinations as appropriate.  


Decision-making 


• WHO has published tables with recommendations for interrupted or delayed immunization, which 


summarize the recommendations from WHO vaccine position papers in one place.5  These 


summary tables are not intended for direct use by health workers, but rather to aid and guide 


policy and decision-makers. A User’s Guide to the Summary Tables  6 is also available, to help 


support the process of developing or revising immunization schedules.  


• Although each country has its own mechanisms for an informed decision-making process on 


developing or revising immunization policy, it is important to ensure that all relevant stakeholders 


are consulted and the implications across all components of the immunization programme are 


considered.  


• National immunization technical advisory groups (NITAGs) should be engaged to provide technical 


and programmatic advice on developing a catch-up vaccination policy and catch-up schedule (see 


Box 1). As part of this process, local disease epidemiology, current immunization coverage levels 


and programme performance, health system capacity, and implications on budget and logistics (see 


Ensuring availability of vaccines and supplies for catch-up vaccination below) should be taken into 


consideration. In addition, a review of relevant literature and discussions with countries with 


established catch-up vaccination policies could further guide this decision-making process.  


• Existing policies should be reviewed for any provisions that may negatively impact catch-up 


vaccination and be revised, if needed.  For example, remove restrictive target age groups or upper 


age limits; diminish restrictions on which cadre of health workers can vaccinate; expand which 


health workers can (and should) screen home-based records to determine vaccine eligibility, and 


increase flexibility on where and when immunization takes place. 


• Establishing or strengthening policies that encourage presentation of home-based records at every 


health contact is also important to ensure that all touch points with the health system can be 


leveraged. 


• Catch-up policies should also clearly indicate what to do if evidence of previous vaccination cannot 


be confirmed. If no vaccination records are available, it should be assumed that the person has not 


 
5 WHO Summary Table 3: Recommendations for Interrupted or Delayed Immunization. Last updated April 2019. Available at: 


https://www.who.int/immunization/policy/Immunization_routine_table3.pdf 
6 All WHO summary tables, along with the User’s Guide are available in English and French, at: 


https://www.who.int/immunization/policy/immunization_tables/en/ 
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received the vaccine(s) and vaccination should be offered. It is safe to revaccinate individuals who 


have been previously vaccinated.7  


• All revised policies and operational guidance should be disseminated from national, to subnational, 


and service delivery levels. Revisions should be well-explained and reinforced at all available 


opportunities, including supportive supervision, academic and in-service trainings, information 


circulars, etc. Health workers should be trained on the importance and value of catch-up 


vaccination, and how to adopt these changes in policy into their practices.  


• Non-government immunization providers (e.g. private, NGO, faith-based, etc.) also need to be 


informed about the catch-up vaccination policy and catch-up schedule and urged to provide 


delayed doses in line with national policy, including monitoring and reporting doses administered as 


per systems in place.  


Box 1. Designing a catch-up schedule  


• All countries should have a catch-up schedule that includes: 


- Age cohorts to which the catch-up schedule applies (see below); 


- Minimum age and maximum/upper age limit (if applicable as per national policy); and 


- Clear directives on minimum intervals permissible between doses for each antigen.  


• As national immunization programmes expand to include vaccination across the life course, 


multiple catch-up schedules for different target populations/age groups will be needed. This is 


because the vaccine presentations, number of doses required, and minimum intervals differ 


depending on an individuals’ current age, as well as age at starting a vaccine series.  


- For example, a country may require one catch-up schedule for children <7 years, another 


catch-up schedule for individuals between 7-18 years, plus additional catch-up schedules 


applicable to adults over 18 years, as well as special populations (such as health care 


workers) where recommendations may differ. 


- This will vary by country and the target groups included in the routine immunization 


programme. 


• Catch-up schedules can be designed in a variety of ways and because national immunization 


schedules vary considerably across countries (and sometimes within), it is not possible to 


recommend a ‘generic’ catch-up schedule.  


• Examples of catch-up schedules illustrating the variation in design approaches are provided in 


Annex 1. 


1.2     Ensuring availability of vaccines and supplies for catch-up vaccination 


• Planning to introduce a catch-up policy requires an assessment of the vaccine stock management 


and overall immunization supply chain (iSC) system performance to identify and address any gaps.8   


• Immunization managers at all levels of the supply chain should closely monitor their actual vaccine 


stock, vaccine consumption, wastage, and target population in their respective catchment areas, 


and adjust vaccine forecasts and distribution accordingly, ensuring a buffer stock is maintained on 


top of any revised consumption.  


 
7 Moro PL, Arana J, Marquez PL, et al. Is there any harm in administering extra-doses of vaccine to a person? Excess doses of 


vaccine reported to the Vaccine Adverse Event Reporting System (VAERS), 2007 -2017. Vaccine. 2019;37(28):3730-3734. 
doi:10.1016/j.vaccine.2019.04.088. 
8 The updated Effective Vaccine Management tool (EVM2.0) includes a targeted assessment function for this purpose. See 


https://extranet.who.int/evm2/web 
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• Often countries are concerned that implementing catch-up vaccination will lead to shortage of 


vaccines or stock-outs, as a result of increased demand from older age cohorts who missed 


vaccination at the recommended age. Health facilities may observe a temporary increase in 


consumption of certain antigens in the first few months of offering catch-up to an expanded age 


cohort, particularly if vaccine supply forecasting is done based on previous consumption rather than 


by target population. However, ensuring that the recommended buffer stock is available is 


generally sufficient to manage any temporary increase.  


• As catch-up vaccination becomes standard practice and forecasting is revised based on updated 


consumption, vaccine and supply needs should stabilize, based on the following principles:   


o Catch-up vaccination is simply allowing for doses to be provided to individuals that should 


have already been included in the forecast of vaccines needed to protect that age cohort. 


o Delays between doses in a vaccine series (e.g. Penta1, 2, 3) does not require restarting the 


entire series, regardless of the length of time that has elapsed since the last dose was 


received. Therefore, catch-up vaccination should not require consumption of any extra 


vaccine per individual (except in some cases where vaccination history cannot be 


ascertained and re-vaccination with some vaccines may be needed).  


o Expanding eligibility and offering catch-up vaccination to older age cohorts who had missed 


doses may actually have the overall effect of reducing wastage for multi-dose vials of 


vaccines that must be discarded within six hours9 (such as BCG, measles-containing vaccine 


or yellow fever), as more eligible individuals may be vaccinated during a given session.  


• The use of electronic vaccine stock and supply management tools (such as the WHO Stock 


Management Tool (SMT)10, web-based Vaccine Stock and Supply Management tool (wVSSM)11, 


WHO Vaccine Wastage Rates Calculator12 or other electronic Logistics Management Information 


System (eLMIS)) should be reinforced, to facilitate proper tracking and monitoring of vaccine 


supply, distribution, utilization and wastage. 


• It is important to remember that providing catch-up vaccination to individuals who have missed 


doses will serve to raise population level immunity, lower the risk of outbreaks and ultimately lead 


to reduced doses needed in the long run for costly non-selective mass preventive and outbreak-


response campaigns. 


1.3     Building health worker knowledge and practice 


• The success of any health intervention depends on competent front-line health workers and 


managers. For catch-up vaccination to be viewed as a priority, health workers’ interpersonal skills, 


motivations and attitudes need to be addressed in training, supervision, and the feedback they are 


given. For programmes that historically limited routine immunization to children <1 year, or 


children <2 years, the expansion of catch-up to older age groups may be entirely new to health 


workers and require a shift in both attitude and practice. 


 
9 WHO Policy Statement: Multi-dose vial policy (MDVP), Revision 2014. 


www.who.int/immunization/documents/general/WHO_IVB_14.07/en/ 


10 https://www.who.int/immunization/programmes_systems/supply_chain/resources/tools/en/index5.html; UNICEF 


forecasting tool: https://www.unicef.org/spanish/supply/index_55506.html  


11 https://www.who.int/immunization/programmes_systems/supply_chain/resources/tools/en/index1.html 


12 Web VSSM can be downloaded here: http://www.wvssm-demo.com/download/; job aid (PAHO) available here: 


https://www.paho.org/hq/dmdocuments/2013/IM-JobAids-2010-12eng.pdf     
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• Training, supervision, and other means of post-training support should reinforce the core principle 


that timely vaccination is ideal but (with few exceptions) late vaccination is preferable to no 


vaccination at all, as well as the practice of checking for vaccination history at every health contact. 


• Catch-up schedules, no matter how comprehensive, will not be able to address all possible 


scenarios that a health worker may encounter. Health workers (if possible, both immunization and 


non-immunization health workers) should be trained on how to evaluate eligibility of individuals of 


any age and determine if any missed vaccinations need to be provided.  


• For catch-up of vaccines requiring multiple doses in a series, the health worker will need to 


calculate the appropriate timing for subsequent doses, instruct the caregiver or individual when to 


return to complete the series, and write this down in their home-based record. 


• Updated operational guidance and resource materials should be provided to help health workers 


understand and implement catch-up vaccination, including best practices for recording and 


reporting (see Recording and reporting of catch-up vaccination doses, below).  


• Ideally, healthcare provider academic curricula should be updated to introduce catch-up 


vaccination policies and practice during academic medical training. Training should be reinforced 


through supportive supervision and any in-service training of new staff hires. 


• See Box 2 for a summary of instructions for health workers, which can be adapted into a job aid. 


Additional examples for job aids and tools for assisting health workers are found in Annexes 2-4.13 


Assessing vaccination status and determining eligibility 


• Written documentation (e.g. home-based record, or immunization register) of vaccination should 


be used to confirm individual vaccination status/history. 


• If evidence of previous vaccination cannot be confirmed, it should be assumed that the person has 


not received the vaccine(s) and vaccination should be offered. It is safe to revaccinate individuals 


who have been previously vaccinated.14,15  


• It may be helpful to provide “catch-up worksheets” for health workers to illustrate the key 


information needed for calculating eligibility for different vaccine doses, on an individual basis.  An 


example of this tool can be found in Annex 4.  


• Some countries have developed online, computer or mobile phone-based applications to help 


health workers calculate eligibility for catch-up and answer frequently asked questions about 


vaccination schedules and catch-up vaccination. Links to examples can be found in Annex 3. 


Minimum intervals between doses in a vaccine series 


• The minimum interval is the shortest amount of time permissible between vaccines requiring 
multiple doses in order to provide an adequate immune response. If the interval between the doses 


is shorter than the minimum interval, the vaccine may not be effective and is considered invalid.  


• For the primary series of most vaccines, the minimum interval between doses is 4 weeks (or 


approximately 1 month). See Annex 2 for a reference table on minimum intervals that can be 


 
13 See also WHO Establishing and strengthening immunization in the second year of life: practices for vaccination beyond 


infancy for training resources for health workers on catch-up vaccination. 


14 Moro PL, Arana J, Marquez PL, et al. Is there any harm in administering extra-doses of vaccine to a person? Excess doses of 


vaccine reported to the Vaccine Adverse Event Reporting System (VAERS), 2007 -2017. Vaccine. 2019;37(28):3730-3734. 


doi:10.1016/j.vaccine.2019.04.088.  
15 Some countries use serological testing to assess immunity status for individuals where evidence of vaccination cannot be 


ascertained, to determine if revaccination is needed. This method is more costly than revaccination and should only occur in 


settings where quality testing and guaranteed follow up are feasible.  
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adapted into a job aid or printed on the back of a catch-up schedule and circulated to health 


workers. 


• Vaccine doses administered earlier than the minimum age recommended in the national 


immunization schedule or minimum interval should not be counted as valid and should be repeated 


(as age-appropriate), following the minimum interval after the invalid dose.  


• Should a vaccine dose be delayed, for any reason, in most cases it is not necessary to restart the 


vaccine series.16 The next dose in the series should be administered as soon as possible and the 


individual should be told to return for any subsequent doses, after the appropriate time interval. 


Managing Multiple injections 


• Administering multiple vaccines at the same visit should be encouraged with health workers and 


individuals whenever possible. This facilitates catch-up as quickly as possible, reduces the number 


of follow up visits needed, and minimizes the risk of defaulting. However, more than one dose of a 


single antigen should not be provided on the same day (see minimum intervals between doses, 


above).   


• Health workers should receive adequate training and supportive supervision on vaccine co-


administration practices and interpersonal communications skills, to ensure they are comfortable 


and confident to communicate on the safety and acceptability of multiple injections, managing 


common side effects following vaccination and monitoring for adverse events following 


immunization (AEFI), and tips for reducing pain at the time of vaccination.  


• Multiple injections given together are generally well tolerated and do not increase reactogenicity, 


as compared with spacing out vaccinations over multiple immunization visits. However, as with all 


vaccinations, the caregiver or individual should be informed about the possibility of minor side 


effects (e.g. fever, local tenderness at the injection sites) that may occur following vaccination and 


how to manage it. 


• Separate auto-disable syringes and needles should be used for each injection and, wherever 


possible, different injection sites (limbs) should be used. Ideally, national guidelines should include 


instructions on which injectable vaccine should be given on which limb (so that in case of severe 


local reaction, the AEFI investigator can identify which vaccine may have caused the reaction), and 


guidance on appropriate injection sites for vaccines given to older children and adults. 


• If two injections into the same limb are required, the injection sites should be separated by at least 


2.5 cm.17  


• Research and experience have shown that, in most settings, health workers are the most trusted 


source of information about vaccination and have the greatest influence over an individual’s 


decision to vaccinate. If the health worker can confidently answer questions and address concerns 


about the safety and effectiveness of multiple injections, perform correct technique in 


administering the vaccine to minimize pain, and initiate the recommendation in a manner that 


presumes vaccination will take place (e.g. “we will have to give some vaccines today”)18 caregivers 


and individuals are usually willing to receive multiple injections during the same visit.  


 
16 There are a few exceptions to this general principle: Some vaccines lacking long duration protection (such as cholera and 


typhoid vaccines) require restarting the series if a certain amount of time has passed since the last dose.  Refer to WHO 
Summary Tables for details.  


17 WHO. Immunization in Practice: a practical guide for health staff – 2015 update. 


https://apps.who.int/iris/bitstream/handle/10665/193412/9789241549097_eng.pdf 


18 Opel et al., The Architecture of Provider-Parent Vaccine Discussions at Health Supervision Visits. Pediatrics. 2013 


Dec; 132(6): 1037–1046. doi: 10.1542/peds.2013-2037 
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• However, if a caregiver or individual still has concerns about receiving multiple vaccine injections, 


they should not be pressured to receive all catch-up vaccination doses during one visit. The health 


worker should elicit the reasons for deferring vaccination and work together with the caregiver or 


individual to agree on when they should return to receive remaining vaccine doses required at 


earliest opportunity. 


• Resources about multiple injections and minimizing pain during vaccination, including training 


modules and visual job aids, are available on the WHO website.19, 20 


Spacing of inactivated vs. live vaccines 


• Inactivated vaccines: any inactivated vaccine can be administered together (simultaneously), before 


or after any other inactivated vaccine or live vaccine. 


• Live attenuated vaccines: as a general rule, live vaccines (for example, measles-containing vaccines, 


yellow fever, or Japanese Encephalitis) should be given either together at the same visit 


(simultaneously) or separated by an interval of 4 weeks; an exception to this rule is oral poliovirus 


vaccine (OPV), which can be given at any time before, simultaneously with, or after other live 


vaccines. 


• Providing guidance in the catch-up schedule or other job aids for health workers on which vaccines 


are live and inactivated may be helpful as a quick reference.  


Interchangeability of vaccine formulations or manufacturers products 


• Interchangeability of vaccines from different manufacturers: In general, the same manufacturer's 


product should be used for all doses in a vaccine series. However, if a series cannot be completed 


with the same vaccine, the available alternative product should be used. Restarting a series is not 


recommended, even for the primary series.  


o If different vaccine products require different number of doses for series completion (e.g., 


Haemophilus influenzae b (Hib), rotavirus vaccines), administering the higher number of 


doses is recommended to complete the series.  


• Vaccine diluents are not interchangeable across manufacturers nor formulations. Only the diluent 


assigned by the manufacturer for the specific vaccine and presentation should ever be used.  21 


• Interchangeability of formulations: If needed to continue completion of a vaccine series, combination 
vaccines may be used interchangeably with monovalent formulations and other combination 


products with similar component antigens if produced by the same manufacturer.  


  


 
19 Safety and acceptability of multiple vaccine injections. 


https://www.who.int/immunization/programmes_systems/policies_strategies/multiple_injections/en/   


20 Reducing pain at the time of vaccination: WHO position paper – September 2015. 


https://www.who.int/wer/2015/wer9039.pdf  


21 WHO Guidance Note: Vaccine Diluents – Revision 2015. The proper handling and use of vaccine diluents. 


https://apps.who.int/iris/bitstream/handle/10665/192741/WHO_IVB_15.08_eng.pdf 
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Box 2. Summary Instructions for Health Workers on Catch-up Vaccination 


1. At every health contact, review individual vaccination history (home-based record or 


immunization register) to determine whether any vaccine doses are missing or due. If there is no 


evidence or confirmation of vaccination history, assume the person has not been vaccinated.  Do 


not blame the caregiver or individual if any doses are missing. 


2. Always respect the minimum age of eligibility for each vaccine in the schedule. 


3. For most vaccines, it is better to vaccinate late than never. Refer to the national catch-up 


vaccination policy and catch-up schedule for any exceptions to this general principle.  


4. If more than one vaccine is due (or overdue) provide one dose of each vaccine at that visit. Do 


not unnecessarily defer giving vaccines that are due or overdue.  


o Example: if a child arrives at 9 months for MR vaccine, but has not yet received OPV3, 


Penta3, and IPV – the child is eligible for all four of these vaccines, and one dose of each 


antigen can be given at the same visit.  


5. It is safe to give multiple vaccine injections at the same time, (this will allow the individual to be 


protected as soon as possible, reduce the number of return visits needed, and minimize the risk 


of defaulting). 


o Explain this to the caregiver or individual and address any concerns raised about the 


safety of multiple injections. If concerns remain, a caregiver or individual should not be 


pressured to receive all catch-up doses during one visit. Work together with the 


individual to agree when to return to receive remaining doses at earliest opportunity.  


6. Observe minimum intervals permissible between doses – for most vaccines in the primary series, 


this is 4 weeks (1 month) between doses. For HPV, the minimum interval is 5 months. 


o Intervals recommended in the national immunization schedule may be reduced if a 


previous dose was delayed, as long as the minimum interval is respected.  


o Example: if MR is recommended at 9 months and 15 months, and a child does not 


receive MR1 until 12 months, they should still receive MR2 at 15 months.  


o Example: If a child receives MR1 at 15 months, they should receive MR2 at 16 months (4 


weeks later). 


o Example: if the first dose of HPV is delayed, observe the minimum interval of 5 months 


before administering the second dose, irrespective of the recommended interval that 


may be 6 or 12 months.   


7. If vaccination history shows that some but not all doses in a vaccine series were given, do not 


restart the series, regardless of the time that has passed between doses. Continue with the next 


dose required in the series. 


o Example: If the home-based record indicates the child has received 2 previous doses of 


pentavalent (Penta1 and Penta2), but it has been 6 months since the last visit, continue 


the series and record the dose given today as Penta3.  


o Example: If the home-based record or HPV vaccination card indicates more than the 


recommended 6 or 12 months has passed since the first dose of HPV, provide the second 


dose today, regardless of how long the interval and irrespective of the age of the girl. 


There is no maximum interval for HPV.   
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8. Record administered vaccine dose(s) according to the actual dose number in the series received 


(not based on what is due or expected at a certain age) (see more on Recording and reporting of 


catch-up vaccination doses, below): 


o Example: if a child is 5 months and is receiving pentavalent, oral polio vaccine (OPV), and 


pneumococcal vaccine (PCV) for the first time, record all of these as the first dose: 


Penta1, OPV1, PCV1.  


o Example: if a child is 15 months but has not yet received a first dose of measles-rubella 


(MR) vaccine, record it as MR1.  


9. Schedule subsequent immunization visits, following the appropriate minimum interval, and 


communicate this schedule with the caregiver or individual so they know when to return.  


10. Once the individual is back on track/caught up (having received all vaccines for which they are 


due), revert to using the national immunization schedule until they are fully vaccinated.  


11. Remember to listen carefully to any questions from the caregiver or individual and respond in a 


caring manner. Remind the caregiver or individual of the importance of vaccination and need to 


bring the home-based record to every visit. 


 


1.4     Recording and reporting of catch-up vaccination doses 


• A major challenge for identifying eligibility, administering and monitoring catch-up vaccination is 


lack of reliable written record of vaccination history (i.e. individual home-based records, facility-


based paper registers, or EIRs). 


• Many immunization information systems are not currently designed to record, and report delayed 


doses. For example, administrative systems typically record vaccinations by yearly age range (e.g. 0-


11m, 12-23m, etc.) or only for the exact age of eligibility (e.g. HPV at 10 years). However, these 


restrictive formats may lead to unintended consequences, such as vaccines being denied to children 


above the recommended age range if they are unable to be vaccinated on time (for a variety of 


reasons). 


• Furthermore, dividing doses into 12 month calendar cycles buckets for monitoring coverage results 


in inconsistency amongst antigens in what constitutes an acceptable time frame for capturing 


coverage: for example, a vaccine due at birth such as BCG would have an acceptable delay of 12 


months, while for MR1 it would only be 3 months (for schedules with MR1 at 9 months), or 12 


months in programmes that schedule MR1 at 12 months. 


• Recording and reporting tools, as well as the way administrative coverage is calculated22, may 


therefore need to be redesigned to facilitate capturing delayed vaccine doses (see also a note about 


denominators in Box 3). 


• The key point is that vaccinations given outside of the target age range should be recorded, 


reported and monitored; thus, recording and reporting tools should never signal that vaccination 


beyond the target date is undesirable: 


 
22 Both “timely coverage” (vaccines given within the recommended age range) and “total coverage” are useful data points, but 


for programmes truly interested in monitoring timeliness, coverage surveys offer a more nuanced picture than admi nistrative 


systems, provided a high proportion of home-based records with vaccination dates are available.  
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o Home-based records should contain sufficient space for health workers to record all 


routine doses of vaccines, the dates they were administered, and the dates to return for 


the next vaccination visit (see Box 4); 


o Tally sheets should be designed in a way that guides health workers to accurately record all 


vaccination doses administered at any age and doesn’t cause unnecessary confusion or 


arbitrary restrictions on recording delayed doses (e.g. if tally sheets are disaggregated by 


age groups, there should also be an option for recording doses given above the target age). 


Examples of tally sheets for routine childhood immunization that allow for capturing 


delayed catch-up vaccination doses are available in Annex 5; 


o Monthly summary reports should capture and summarize all data collected on the tally 


sheets. (e.g. if the tally sheet contains space for reporting doses given above the target age, 


then the monthly summary report should also capture this so that health workers do not 


have to improvise their own solutions); 


o Immunization registers should include space for individually recording dates that doses are 


administered without restricting the time-frame within which they must be given.    


• The WHO Handbook on the use, collection, and improvement of immunization data23 and WHO 


Establishing and strengthening immunization in the second year of life: practices for vaccination 


beyond infancy24 include suggestions for modifications to monitoring tools and immunization data 


systems.  


• Health workers should be trained how to accurately record and report catch-up vaccination doses: 


o All doses, regardless of when they are given, should be recorded on the home-based 


record, tally sheets, registers, electronic immunization records, and monthly reports, 


according to when the vaccine is actually administered, even if considered “late” or 


“delayed” according to the national immunization schedule. 


o All doses should be recorded in the order in which they are actually given (e.g. if a child is 


15 months old and has never received a measles vaccine, the dose should be recorded as 


MCV1; and the caregiver should be asked to bring the child back for MCV2 in 4 weeks’ 


time). A dose should never be recorded and reported as MCV2 if the child has not first 


received MCV1. 


 


Box 3. A note about denominators 


Reliable estimates of the target population are critical in order to effectively track and follow up with 


defaulters and also those individuals in the catchment area that are hard to reach or have difficulty 


accessing services. Target estimates can be obtained through several different sources including 


census data, Civil Registration and Vital Statistics (CRVS) systems, electronic immunization registers 


(EIRs), local enumerators and head counts, service data from the immunization or other 


programmes, and satellite imagery (sometimes in conjunction with mobile phone data).  


For more detail on use of these sources for best estimates of target populations, see the WHO 


Handbook on the use, collection, and improvement of immunization data.  


 


 
23 Available at: https://www.technet-21.org/en/library/main/6634-who-handbook-on-the-use,-collection,-and-improvement-
of-immunization-data  


24 Available at: https://apps.who.int/iris/bitstream/handle/10665/260556/9789241513678-eng.pdf 
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Box 4. The importance of Home-based Records (HBRs) as enablers of effective catch-up vaccination 


Without reliable documentation of individual vaccination history, an individual or caregiver may not 


be aware that vaccines are due and health workers may be unable to ascertain eligibility for catch-up 


vaccination. The importance for the individual or caregiver to safely guard the HBR and bring it to 


every health contact should be stressed at every opportunity.  


In some countries, it may not be common practice to recommend caregivers keep HBRs beyond early 


childhood. However, as programmes move towards a life course approach to vaccination, with 


additional vaccines introduced at older ages, maintaining an individual record of vaccination history 


is becoming increasingly important.   


HBR stockouts continue to be a problem in many settings, contributing to missed opportunities for 


vaccination. Countries must ensure that an ample supply of HBRs are available for distribution, 


including sufficient buffer stock for replacement if a caregiver or individual has misplaced the HBR.  


Where an individuals’ vaccination status cannot be confirmed, it should be assumed that they are not 


vaccinated, and catch-up vaccination should be offered.  


The WHO Intervention Guidebook for implementing and monitoring activities to reduce Missed 


Opportunities for Vaccination25 offers guidance and solutions to common encounters where HBRs are 


unavailable or difficult for the health worker to interpret.  


Problem Solution 


The HBR is not 


available. 
• During supervision, remind health workers to use all available means 


to verify the vaccination status (checking health facility registers, 


contacting previous health centre visited, etc.). 


• Lack of documentation is not a valid reason for not vaccinating eligible 


individuals. 


• When in doubt, vaccinate and issue a new or temporary card; remind 


the caregiver or individual to keep the HBR safe but avoid criticism or 


humiliation as that may deter the individual from returning for future 


doses. 


The HBR is in a 


different format, or 


language, to what 


the health worker is 


used to. 


• Online resources are available to assist health workers in translating 
common foreign language terms found in immunization records.  See 


examples below: 


https://www.cdc.gov/vaccines/pubs/pinkbook/downloads/appendices/B/foreign -products-


tables.pdf 


http://www.immunize.org/izpractices/p5121.pdf  


HBR is poorly 


designed/easily 


damaged. 


Immediate term: conduct inquiry with health workers to identify specific 


areas of confusion in existing card to provide clarification through 


supportive supervision or training.  


Medium term: Revise and improve HBR. 


For more on strengthening the implementation of HBRs, see WHO resources on Home-Based 


Records.26  


 
25 Available at: https://apps.who.int/iris/bitstream/handle/10665/330101/9789241516310-eng.pdf 
26 Available at: https://apps.who.int/iris/bitstream/handle/10665/175905/WHO_IVB_15.05_eng.pdf; and 


https://apps.who.int/iris/bitstream/handle/10665/274277/9789241550352 -eng.pdf 
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1.5     Communication and community engagement 


• Targeted communications should inform individuals, caregivers, and communities more broadly of 


the value of vaccination and the importance of being vaccinated in a timely manner. 


• Communication with caregivers and individuals through phone calls, emails, and SMS text message 


reminders, as well as broader messaging through television, radio, social media, posters, etc. should 


aim to increase awareness that missing a scheduled vaccination does not necessarily mean that 


individuals are no longer eligible: vaccines given late are still safe and effective at providing 


protection against disease, and caregivers and individuals should feel empowered to seek 


vaccination, even if delayed. 


• Local community and civil society groups, non-government organizations, faith-based groups and 


other stakeholders should be considered partners in the design and delivery of services. They can 


also help engage with vulnerable population groups, counter misinformation and rumours, and 


contribute to generating and using behavioural and social data to design successful strategies.   


• Daycares and schools can also be used as effective channels for communication about catch-up 


vaccination, through messaging to both students and parents about the importance of vaccination 


and reminders to check that they are “up to date” with all vaccines.  


• Communication to individuals, caregivers, and communities on the importance of safeguarding the 


home-based record and making a habit of bringing it to every health contact can also serve to 


reinforce the value of vaccination and the concept that it is never too late to be immunized.  


1.6     Strategies for catch-up vaccination 


Routine immunization services throughout the year 


• The practice of catch-up vaccination should be integrated into routine immunization service 


delivery on a continuous basis.  Every immunization contact, whether fixed or outreach (including 


school-based), should be used as an opportunity to review an individual’s vaccination status and 


catch-up any antigens that have been missed before that visit. 


• Every health facility should have a process in place for newborn and defaulter tracking and for 


identifying and reaching zero-dose children in their catchment area (see Box 3). 


• Creative and innovative behavioral interventions should be explored, to encourage individuals to 


return for future vaccinations, and reinforce the message that it is never too late to be immunized.  


• For certain mobile populations (e.g. refugees, asylum seekers, migrant populations), offering catch-


up vaccination is critical to ensure they have the opportunity to be caught up to date according to 


the local recommended immunization schedule.   


Reducing missed opportunities for vaccination through integration with other health services  


• Beyond immunization services, every health contact should be used as an opportunity to review an 


individual’s vaccination status and to administer doses for which they are eligible – or to refer them 


to an immunization provider for vaccination (i.e. “screen and refer”). This includes well-child visits, 


curative services, before being discharged from hospital, etc.  


• This key principle for reducing missed opportunities for vaccination27 relies on building and 


promoting a practice of safeguarding the individual’s home-based record (HBR) and bringing it to 


every health contact for review (see Box 4). 


 
27 See more on the WHO Missed Opportunities for Vaccination (MOV) Strategy, at:  


https://www.who.int/immunization/programmes_systems/policies_strategies/MOV/en/ 
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• Provide simple reminders to both health workers and caregivers to review the HBR: stickers or 


designs on the cover of the HBR, fridge magnets, posters in health facilities, table top display/sign, 


computer screensaver, caregiver-owned prompt cards, etc. 


• Reinforce the message that checking vaccination status and/or offering catch-up vaccination can 


also be integrated with other health delivery platforms across the life-course.28  


Periodic intensification of routine immunization (PIRI) 


• Periodic intensification of routine immunization (PIRI) is an umbrella term to describe a spectrum of 


time-limited, intermittent activities used to deliver routine vaccinations – including catch-up doses 


– to under-vaccinated populations and raise awareness of the benefits of vaccination.   


• PIRI is used either in focused areas with poor access to immunization services or low coverage, or to 


target certain population groups (e.g. refugees, migrants or mobile communities), or as a broader 


strategy to boost overall uptake nationally.  Examples of PIRIs include Child Health Days, Child 


Health Weeks, and National Vaccination Weeks. 


• One of the main distinctions between PIRIs and supplementary immunization activities (SIAs) is that 


doses in a PIRI activity are provided after reviewing an individual’s vaccination status and are 


considered routine vaccinations and recorded as such in the immunization register and on the 


home-based record.29 


• PIRIs will usually target a specific age cohort such as children under two years, under five years, or 


up to adolescence (although this varies by country). Therefore, PIRIs provide a catch-up opportunity 


for anyone in that age cohort that has been missed or not reached during the year. Sometimes in 


order to complete a vaccination series, PIRI activities are planned to repeat at 4-week intervals (e.g. 


once a month for 3 months) to ensure the full vaccine series can be offered (e.g. Penta1, 2, and 3).   


• PIRIs may also include delivery of other maternal and child health interventions such as vitamin A 


supplementation, insecticide-treated bed nets, and de-worming tablets.   


• In addition to provision of preventative health services, there is usually a focus on community-wide 


social mobilization activities about the benefits of routine immunization and other general health 


messaging and increasing awareness of the availability of immunization services.   


• Recording and reporting vaccine doses administered during PIRIs is challenging, often hampered by 


the high volume of individuals attending the activity, number of service delivery points, delivery of 


multiple interventions, and limited availability or use of home-based records during the PIRI 


activity. For these reasons, recording and reporting for vaccine doses administered during PIRI 


requires careful planning in advance and greater attention during and following the PIRI activity. 


• For more on PIRI, including considerations for improving recording and reporting practices,  see 


Annex 6, and WHO Periodic Intensification of Routine Immunization: Lessons learned and 


implications for action.30 


  


 
28 See WHO. Working Together: An integration resource guide for planning and strengthening immunization services 


throughout the life course, available at: https://www.who.int/immunization/documents/ISBN_9789241514736/en/ 
29 See WHO/UNICEF Guidance note on Criteria to determine if a given vaccination is a routine or supplemental dose: 
www.who.int/immunization/programmes_systems/policies_strategies/guidance_note_on_vaccination_doses_oct_10_2011.p


df. Also Annex 6 for a comparison of the characteristics of PIRI vs SIAs. 
30 Available at: https://www.who.int/immunization/programmes_systems/policies_strategies/piri_020909.pdf 
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School vaccination checks31   


• School settings provide excellent opportunities to integrate interventions aimed at reducing vaccine 


preventable diseases along improving overall mental, physical and social health of children. 


• Implementing school vaccination checks (either as part of the entry/enrollment process each year 


or during school along with other school health services) is also an important catch-up vaccination 


strategy.  


• If school-based immunization or school-based health screening platform already exists, this can be 


an opportunity to check for missed vaccine doses and facilitate catch-up vaccination (either by 


providing doses of missed vaccines along with the school-based immunization programme, or by 


referral to a health facility). 


• Prior to implementing a strategy of school vaccination checks, countries should assess the 


capacity of their school and health systems32 to support such an activity. 


• In addition to a well-defined and enabling catch-up vaccination policy, some key facilitating 


factors that have been identified in countries that have successfully implemented a practice of 


school vaccination checks include: 


o strong collaboration between ministries of health and ministries of education; 


o existence of legislation or written policy requiring the collection of vaccination history at 


entry to, or during school; 


o clear implementation guidance and standard operating procedures outlining how 


individual vaccination records are collected, screened, recorded, and reported, as well 


as how and where the catch-up vaccination will take place; 


o widespread availability of up-to-date home-based records or electronic register that 


summarize the individual’s vaccination history on one page for easy reference; 


o availability of funding and staff (health workers and/or education staff) time to carry out 


checking of vaccination history on an annual basis; 


o advocacy, communication and sensitization to promote cooperation and acceptance 


from the community. 


• School vaccination checks do not need to be accompanied by a mandate requiring proof of 


vaccination for entry into school. School vaccination checks can be implemented simply as another 


touchpoint for encouraging catch-up of children that may have been missed earlier, without the 


intent to exclude students who do not have documented vaccinations.  


• Vaccination checks can be implemented as part of the enrollment process, or during session, at 


all levels of the education system, including early education centres, daycares, kindergartens, 


primary and secondary schools, post-secondary institutions, etc. 


 
31 For more information on checking vaccination status at entry to, or during school,  including considerations for 


implementation and country case studies, see: 


https://www.who.int/immunization/programmes_systems/policies_strategies/school_vaccination_checks/en/  
32 WHO has developed a School Vaccination Readiness Assessment Tool that can be adapted for this purpose, available at: 


https://www.who.int/immunization/programmes_systems/policies_strategies/school_assessment_tool/en/  
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Section 2. Special catch-up vaccination efforts following an interruption of 


services  
• Immunization is an essential health service that should continue without interruption to the 


maximum extent possible under all circumstances. However, in exceptional emergency or disaster 


situations there may be an interruption or significant drop in routine immunization services, delay 


or temporary suspension of mass vaccination campaigns, and/or prolonged vaccine shortages, 


leading to an accumulation of individuals susceptible to one or more VPDs.  


• If not already in place, catch-up vaccination practices should be integrated into ongoing routine 


immunization service delivery as soon as services are restored (see Section 1), and should 


continue as an essential component of the routine immunization programme. 


• Offering catch-up vaccination on an ongoing basis through the routine immunization system is the 


least resource intensive and most sustainable strategy for ensuring individuals are able to receive 


the vaccines they are due, especially if the service interruption is relatively short.  


• However, planning for catch-up vaccination following a significant period of interruption or 


reduction in services may also require additional large-scale intensified and specialized efforts to 


identify and seek out groups who have missed vaccination, to close immunity gaps as quickly as 


possible. 


• Monitoring the situation as closely as possible throughout the period of disruption and tracking of 


individuals or cohorts who missed vaccination is important to inform catch-up strategies. 


2.1    Policy and advocacy 


• During, or in the aftermath of a catastrophic event, whether it be an outbreak, epidemic or 


pandemic, natural disaster, acute conflict, or other disruption, health systems are likely to be 


overburdened.33 Finances and human resources may be limited due to reallocation. Supply chains 


may be disrupted leading to stock-outs of vaccines and supplies. Surveillance systems may have 


been stopped or diverted. There may be decreased demand for immunization services (due to 


misinformation, fear, inaccessibility, limitation in mobility, competing priorities, previous 


disruptions in services, etc.) 


• Efforts to restart and/or intensify immunization should be part of an overall coordinated health 


system recovery plan.  


• In the context of several competing pressures and resource constraints (both financial and human), 


it will be important to advocate for the importance of immunization with a view to resuming 


services and closing gaps at the earliest opportunity. The consequences of inaction, including 


quantification of the increased morbidity and mortality expected as a result of suspending 


immunization, should be made to emphasize these points.  


• If catch-up vaccination is not already an ongoing component of the routine immunization 


programme, restoration of services following a disruption is an opportunity to begin implementing 


this practice (See Section 1). 


• NITAGs should be engaged at the earliest opportunity for a rapid review of any policies that may 


impact catch-up vaccination (e.g. restrictive target age groups, upper age limits, or maximum dose 


intervals; restrictions on which health workers can vaccinate, and where and when immunization 


takes place). 


 
33 For example, evidence showed a 25% decline in measles vaccine coverage in both Liberia and Guinea during the 2014 -2015 


Ebola outbreak in West Africa. See: Masresha BG, et al. The impact of a prolonged ebola outbreak on measles elimination 


activities in Guinea, Liberia and Sierra Leone, 2014-2015. Pan African Medical Journal. 2020;35(1):8.  
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• Where policy development or revision can be a lengthy process, interim guidance for catch-up 


vaccination should be issued (e.g. temporary removal of upper age limits to ensure those missed as 


a result of service interruption are able to receive the vaccines for which they were due). Once the 


situation resumes to normal, a policy review should be conducted to decide if the removal of age-


cutoffs should be permanently adopted. 


• Any interim guidance on catch-up vaccination should be coordinated closely with other related 


programmes (e.g. WHO Health Emergencies (WHE) programme, other local or international NGOs, 


etc.) to ensure that it is reflected in the immunization component of any emergency guidance 


issued. 


• Catch-up schedules and job aids for health workers will need to be developed and rapidly 


disseminated down to subnational, and service delivery levels, including to non-government 


providers (e.g. private, NGO, faith-based). 


2.2     Managing vaccines and supplies 


• During an interruption in services, supply chains at local, regional, national, and possibly international 


levels may be affected. Stock out of key supplies may be a challenge, requiring a remapping of 


inventory, at all levels, and a coordinated redistribution of supplies once delivery channels are 


reopened.  


• The situation can be mitigated by the following actions: 


o Establish and implement procedures for safeguarding and maximizing in-country stocks of 


vaccines through robust management of temperature records, VVM indicators and expiry 


dates.  


o Account for any expired or damaged vaccine, delayed deliveries, etc.  


o Closely monitor stocks of vaccine and related supplies, including the recommended buffer 


stock at all levels.  


o Adopt multi-dose vial policy34, if not already in place. 


o Forecast and procure vaccines and related supplies including any anticipated surge stock 


required for catch-up vaccination of missed cohorts (see Monitoring below) 


o Review cold chain capacity using existing tools (e.g. Effective Vaccine Management Tool 2.0 


targeted assessment functionality) to ensure sufficient storage space for vaccines supplied 


for major catch-up strategies, especially when targeting a wider age cohort.   


o Modify distribution schedules to avoid strain on the cold chain. 


o In the context of a major delay in vaccine delivery from international or national stores, 


consider accepting delivery of vaccine with shelf-life reduced to 1/3 (e.g. 12 months 


remaining shelf life) and prioritizing the use of these vaccines following the “first expiry, 


first out” (FEFO) principle.35  


• To alleviate challenges with cold chain, consider the use of Controlled Temperature Chain (CTC) or 


Extended Controlled Temperature Conditions (ECTC) for vaccines licensed for use under these 


conditions.36 


 
34 WHO Policy Statement: Multi-dose vial policy (MDVP), Revision 2014, available at: 


www.who.int/immunization/documents/general/WHO_IVB_14.07/en/ 
35 See more at Acceptance of available traditional vaccine supply with reduced shelf-life. WHO-UNICEF Interim guidance. 31 


January 2021. Available upon request. 
36 https://www.who.int/immunization/programmes_systems/supply_chain/ctc/en/index3.html  
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2.3     Monitoring the extent of the interruption 


• It is important to monitor the situation as closely as possible throughout the period of disruption 


and track individuals or cohorts missing vaccination as best as possible to inform catch-up 


strategies.  This can be done by: 


o Continuing to monitor vaccination coverage, VPD surveillance, AEFIs, and vaccine safety 


concerns in order to identify gaps, inequalities and vulnerable groups and communit ies.  


o Maintaining a logbook of the population with pending vaccines, including newborns during 


the period of disruption, based on individual records (facility-based paper immunization 


register, tickler files, EIR, etc.) 


o Monitoring, on a monthly basis and by district/municipality, the impending buildup of 


susceptible persons to estimate a target population for intensified catch-up vaccination 


efforts (see Box 5 – Estimating target for catch-up vaccination efforts) 


• Rapid coverage assessments in areas known to be particularly affected by the disruption may be 


necessary to identify communities for prioritization of catch-up efforts.  


• In addition to coverage data, triangulation with surveillance data is needed to conduct a 


comprehensive risk assessment to help map out the needs for catch-up efforts, particularly in 


deciding on the scale and type of catch-up strategies needed (see Strategies for catch-up 


vaccination after a disruption of services, below) 


• Known high-risk and low coverage communities (e.g. displaced populations, urban poor, remote/ 


rural, conflict-affected, etc.) should remain a high priority for catch-up, given existing inequalities 


and higher risk for outbreaks. 


 


 Box 5. Estimating target population for catch-up vaccination efforts 


In addition to compiling a list based on individual vaccination records, the target population for an 


intensified catch-up effort should be monitored throughout the period of disrupted services. 


Based on a monitoring chart or other monthly numerator data, compare (A) the difference in 


cumulative doses administered, year-to-date, to one of the following (B): 


• the cumulative target, year-to-date, if it is credible, or 


• if the target cannot be used: the equivalent cumulative number of administered doses by year-


to-date on last year’s monitoring chart/tabulation, or 


• if last year’s performance data is not deemed representative: the average numbers of 


administered doses for the months pre-disruption. 


The difference between (A) and (B) can be used as an estimated target requiring catch-up, to be 


added to the regular monthly target population (see below). 


Note that this method of estimation assumes a relatively stable target population size which may not 


be the case, especially depending on the type, extent, and cause of the disruption. Using various 


sources of data available to estimate and update denominators is therefore also extremely important 


(see Box 3 in Section 1). 


 


Modifying target population 


• If the disruption took place over an extended period, catching up of all missed doses will take 


several sessions and months following resumption of services (for example, a child that missed 


Penta2 and Penta3 visits will require two catch up visits, spaced 4 weeks apart).  


• The estimate of individuals who have missed vaccinations should be added to the combined 


monthly target population for the months where intensified catch-up is expected. 
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• These higher target populations should be used to forecast needs for vaccine orders and to plan the 


number and frequency of immunization sessions.  


Monitoring the success of the catch-up vaccination efforts 


• All doses administered during catch-up (whether through delivery of routine immunization services, 


or through a PIRI activity) should be compared against the modified target population (i.e. original 


target for that period + catch-up target).  


• Recording delayed doses may be a challenge for programmes that do not already have monitoring 


systems set up to capture doses given outside the recommended target age range (see Section 1).  


• As the immediate period following a significant interruption in immunization services is likely not 


the time to introduce major changes to country immunization information systems, in the interim it 


will be necessary to emphasize the importance of recording all doses administered and dates they 


are given in the HBR and immunization register, even if there is not currently a designated place to 


record doses given outside the age range on the national immunization schedule.  


o A suggested standard practice for the interim solution should be documented and shared 


widely at all levels. 


o In some cases, documentation of these doses on individual home-based records and 


validated later through a coverage survey may be the only reliable way to enable 


estimation of vaccine coverage for the period of immunization service interruption.  


2.4     Communication and community engagement 


• Even if routine immunization services have continued at reduced capacity or once they resume, 


demand and accessibility may remain low and intermittent interruptions may continue to occur for 


some time.  


• Engagement with communities (including local civil society, non-governmental and faith-based 


organizations, professional associations, etc.) to help design and implement tailored and targeted 


communication strategies will be essential to restore and rebuild community confidence in vaccines 


and/or immunization services. 


• If possible, formative research should be conducted to learn about the needs and characteristics of 


the target population and identify the major drivers and barriers to immunization faced, in order to 


design the most appropriate strategies to respond. 


• Monitoring of traditional media and digital listening across social media platforms may offer insights 


on local rumours and misinformation that can help to inform the development and targeting of key 


messages. 


• Communication about catch-up vaccination should aim to: 


o increase awareness that individuals are still eligible for any vaccinations that have been 


missed during the service interruption and should not be denied vaccination,  


o emphasize that vaccinations given late are still safe and effective at providing protection 


against disease, 


o ensure individuals know where and when immunization services are currently being provided 


and are informed about any new or additional safety precautions in place for safe delivery of 


services. 


• See Annex 7 for a job aid with key considerations for strengthening community acceptance and 


demand for vaccination. 


• For more on building and restoring confidence in vaccines and vaccination, both in ongoing work and 


during/following crises, see WHO guidance on Vaccine and trust.37 


 
37 Available at: https://www.euro.who.int/__data/assets/pdf_file/0004/329647/Vaccines-and-trust.PDF 
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2.5     Strategies for catch-up vaccination after an interruption of services 


• Offering catch-up vaccination on an ongoing basis through the routine immunization system is the 


least resource intensive and most sustainable strategy for ensuring individuals are able to receive 


the vaccines they are due, especially if the service interruption is relatively short.  


• If immunization services have been impacted for a prolonged period of time, additional strategies 


to accelerate catch-up vaccination efforts will likely be needed, to reach larger groups and close 


immunization gaps as quickly as possible.   


• Depending on the extent and duration of the disruption in immunization services, as well as pre-


existing coverage levels, it is likely that multiple strategies will be needed, either in combination or 


in sequence (see Box 6).  


• Additional catch-up vaccination strategies may include: 


o Intensified catch-up through routine immunization services – e.g. mass call backs, 


intensified defaulter tracking, expanded outreach, etc. 


o Targeted and selective (PIRI approach) vaccination campaigns that screen for eligibility 


and record individual doses  


o Supplementary immunization activities (SIAs)  


• The decision on strategy, or combination of strategies, to use for catch-up will depend on many 


factors and will be very context specific.  


• Countries should undertake a risk assessment, particularly with respect to the local epidemiology of 


outbreak-prone VPDs, current population immunity levels and the extent and localization of pre-


existing immunity gaps, to determine the highest priority strategies and target areas for specialized 


catch-up activities (See Box 7) 


• WHO guidance document on Vaccination in Acute Humanitarian Emergencies: a Framework for 


Decision Making38 can help countries follow an evidence based approach to prioritize delivery of 


routine immunizations during and following a protracted crisis situation.  


 


Box 6. Choice of a catch-up vaccination strategy or strategies will depend on many factors: 


• Duration and extent of disrupted immunization services 


• Local epidemiology of outbreak-prone VPDs (e.g. measles, polio, diphtheria, yellow fever) 


• Size and extent of pre-existing immunity gaps in under-served communities or assessment of 
overall population-level immunity in low coverage contexts 


• Dates and age ranges of last planned preventive campaigns for various outbreak-prone VPDs  


• Target population (e.g. age, geography) needing to be caught up 


• Human resources available  


• Vaccine stocks and supplies available 


• Financial resources available 


• Availability of home-based records and/or nominal immunization registers 


• Local contextual considerations (e.g. rainy season, security, major political events) 


• Other specifics related to cause of disruption (e.g. pandemic transmission risks, physical 


distancing measures required, etc.) 


Additional considerations: 


• Timing – The timeframe for resuming immunization services may be difficult to define and may 
vary across settings. Guidance and strategies may need to be revised and reprioritized as the 


 
38 Available at: https://apps.who.int/iris/bitstream/handle/10665/255575/WHO-IVB-17.03-eng.pdf 
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situation evolves. Different strategies may be needed for different geographical regions (tailored 


approach). 


• Coordination and integration – Identify opportunities to collaborate with other disease control 


programmes such as polio, malaria, yellow fever, other NTDs, etc., as  well as opportunistic 


linkage with other sectors of health services (curative/treatment, antenatal, family planning, etc.)  


• Demand and acceptance – Health-seeking behaviors will be influenced by the cause of the 


disruption (e.g. pandemic fears and social distancing measures, acute violence/insecurity, etc.), 


and may negatively impact demand and acceptance for vaccines. These concerns should be 


considered when planning activities and during training. To succeed, the selected strategy or 


strategies must be convenient and acceptable to the local community. 


 


Box 7. A framework for decision-making on prioritization of strategies for vaccine delivery 


Adapted from the WHO Vaccination in Acute Humanitarian Emergencies: a Framework for Decision 


Making,39 the following framework can help countries follow an evidence based approach to 


prioritize delivery of vaccines during and following a protracted crisis situation. Refer to the full 


Framework document for details on how to conduct and adapt each step as well as specific factors to 


consider for each VPD. 


Step 1: Conduct an epidemiological risk assessment for each VPD based on general risk factors 


(e.g., population immunity, burden of disease, etc.), as well as risk factors associated with the 


cause of the service interruption (e.g., acute conflict, pandemic, etc.). 


• Risk assessment worksheets for each VPD are available in the Framework. Example 


worksheets for measles and polio are provided in Annex 8.  


Step 2: Consider each vaccine and its amenability for various delivery strategies based on 


vaccine characteristics (e.g. availability in sufficient quantities, cold chain requirements, etc.) and 


operational factors for delivery. 


Step 3: Assess contextual factors and competing needs (e.g., ethical, political, security, 


economic, logistic, and other considerations and constraints) 


An e-Tool based on the Framework has been developed and is available for download here: 


https://www.who.int/immunization/programmes_systems/policies_strategies/vaccination_humanit


arian_emergencies/en/ 


An e-Learning course is also available, in collaboration with UNICEF, and can be accessed here: 


https://agora.unicef.org/course/info.php?id=13019 


 


Intensified catch-up efforts through routine immunization services 


• Microplans will need to be reviewed and revised, including intensified efforts to identify missed 


individuals, issuing reminders and working with the community to encourage returning to the 


health facility for missed doses. 


• Innovative strategies such as issuing mass callbacks for all cohorts missed during the period of 


disruption can assist in these efforts. 


 
39 Available at: https://apps.who.int/iris/bitstream/handle/10665/255575/WHO-IVB-17.03-eng.pdf 
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o Mass callbacks can be an effective strategy in the event of a prolonged stockout of one or 


more vaccines (for example, implementing a mass callback for a distinct cohort that was 


unable to be vaccinated due to a national stockout of a particular vaccine during a defined 


period). 


o This strategy requires a wide-reaching and effective communication campaign and active 


engagement with local communities and civil society organizations to develop 


communication strategies (e.g. phone calls, SMS text messages, television, radio, social 


media, posters) to increase awareness about catch-up vaccination. 


• Service hours may need to be extended or modified to accommodate potential increases in flow of 


individuals once services resume. Considerations to manage this include: 


o Scheduling appointments to avoid overcrowding (but important to still allow those arriving 


without prior appointment to be vaccinated).    


o Assigning specific times for certain population groups (e.g. older persons, people with 


underlying health conditions, adolescents40, etc.).   


• Outreach immunization activities should be expanded to include wider age ranges to catch-up 


individuals who might not be within the typical target groups for outreach activities.  


• If possible, outreach activities should be planned in collaboration with other health programmes, in 


order to catch-up individuals with a package of priority health interventions at once. 


• If school-based immunization was interrupted, planning with the Ministry of Education and school 


teams should be initiated to restart the activities as soon as possible, and caregivers should be 


notified. 


o If a vaccine series is interrupted, it is still safe and efficacious to deliver these vaccines to 


children and adolescents, as needed, even if the interval between doses is longer than 


indicated in the national immunization schedule. 


o School-based immunization can also be used as an opportunity to check for any other 


missed doses and facilitate catch-up vaccination (either by providing doses of other missed 


antigens along with the vaccines routinely delivered at school, or by referral back to a 


health facility). 


• If no school-based immunization platform or school vaccination checks currently exist, consider 


whether such a platform can be implemented as a strategy to quickly close immunity gaps in these 


age groups (See Section 1): 


o E.g. upon resumption of school, local health facilities and schools should arrange specific 


days where pupils bring their home-based records to school so that health workers can 


determine vaccine eligibility. Health workers can either vaccinate the pupils at the school or 


refer them to the local health facility for follow-up. 


Targeted and selective (PIRI approach) vaccination campaigns that screen for vaccination history and 


record doses given as routine immunization  


• If resources are available, countries may choose to conduct targeted and selective mass vaccination 
(similar to a PIRI approach) to provide more intensive and large-scale opportunities for catch-up of 
missed vaccinations. 


• The number of intensified activities to be conducted should be based on the duration and extent of 
the immunization service interruption.  For example, multiple rounds of intensified outreaches may 
be required at 4-week intervals in order to provide opportunities to catch-up on multiple doses in a 
vaccine series. 


 
40 Lessons from delivering adolescent-friendly health services indicate that service uptake is lower if they are expected to cue 


with mothers and babies; also during outbreaks this age group may be a high -risk vector to other age groups. 
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• See Section 1 and Annex 6 for more detail on PIRI, including a comparison of key characteristics of 


PIRI vs SIAs. 


Supplementary Immunization Activities (SIAs) 


• If there’s greater urgency to vaccinate a large number of susceptible individuals with specific 
antigens, non-selective SIAs may be considered.41   


• SIAs enable the vaccination of a large number of individuals regardless of their vaccination history 
by vaccinating all within a target age group. Given their scope and speed SIAs often limit the 
number of antigens and additional interventions provided.  


• The vaccine doses that are administered during SIAs are considered “supplemental” rather than 
“routine” and are not recorded and reported as part of the routine immunization administrative 
coverage.42 They may, however, still be recorded on individual home-based records or on SIA-
specific cards as a supplemental dose.  


• In countries where preventive campaigns are already planned and conducted at regular intervals, 
these opportunities should be leveraged to assist with catch-up to the extent possible (for example, 
adjusting the age ranges as necessary due to the extent of the disruption, integrating multiple 
antigens, and/or other health interventions, such as vitamin A, deworming and insecticide-treated 
bed nets, etc.) 


• While integration should be promoted where possible, the feasibility must be carefully assessed as 
additional interventions may significantly increase crowd size, extend implementation time and 
require additional training and resources.  


• In addition, consideration must be given to the programmatic feasibility of delivering multiple 
antigens in a non-selective SIA vs conducting a selective mass campaign (PIRI-style) as described 
above, including recording doses as routine or supplementary doses. 


• With any large-scale vaccination campaign, proper attention must be paid to waste management. 
WHO has issued new guidance on technologies for the appropriate treatment of infectious and 
sharp waste from health care facilities43 which emphasizes the preferred use of treatment 
technologies (high temperature incineration, autoclaving, microwaving) over uncontrolled 
combustion (only to be used as a last resort).   


• In the event of an ongoing outbreak where infection risk remains elevated, the decision to conduct 
mass campaigns of any kind must accompany a thorough risk assessment.44  


• Special considerations for setting up the vaccination site, spacing clients (e.g. through scheduling), 


extending duration of activity, and maintaining good infection, prevention and control (IPC) 


practices including screening to exclude potentially infected clients/caregivers and the use of 


 
41 For more on planning and implementing SIAs, see WHO. Planning and implementing high -quality Supplementary 


Immunization Activities for injectable vaccines, available at: https://www.who.int/immunization/diseases/measles/SIA-Field-


Guide.pdf 


42 See WHO/UNICEF Guidance note on Criteria to determine if a given vaccination is a routine or supplemental dose: 


https://www.who.int/immunization/programmes_systems/policies_strategies/guidance_note_on_vaccination_doses_oct_10_


2011.pdf 
43 WHO. Overview of technologies for the treatment of infectious and sharp waste from health care facilities. Available at: 


https://apps.who.int/iris/bitstream/handle/10665/328146/9789241516228 -eng.pdf 
44 See WHO. Framework for decision-making: Implementation of mass vaccination campaigns in the context of the COVID -19 


pandemic (2020) for principles to consider when deliberating the implementation of mass vaccination campaigns during an 
ongoing pandemic. This guidance discusses risk factors related to COVID-19 but can be adapted in the context of other 


outbreak-prone diseases. Available at: https://www.who.int/publications/i/item/WHO-2019-nCoV-


Framework_Mass_Vaccination-2020.1  
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recommended personal protective equipment (PPE), should be followed as detailed in existing 


related WHO guidance.45 


 


  


 
45 The latest WHO COVID-19 technical guidance on Infection prevention and control / WASH is available at: 


https://www.who.int/emergencies/diseases/novel -coronavirus-2019/technical-guidance/infection-prevention-and-control 
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Annex 1. Designing Catch-up Vaccination Schedules 


Every country should have a catch-up vaccination schedule designed in line with the national 


immunization schedule, that adhere to any upper or lower age requirements as determined by the 


national immunization policy. NITAGs should be involved in the process of developing a catch-up 


vaccination schedule at the earliest opportunity.  


Catch-up vaccination schedules can be designed in a variety of ways and, as immunization programmes 


and schedules vary considerably across countries (and sometimes within), it is not possible to 


recommend a ‘generic’ catch-up schedule.  


See Table A1.2 for a simplified version of the WHO Recommendations for Interrupted or Delayed 


Routine Immunization.  


Examples of catch-up schedules illustrating the variation in design approaches can be found below.46 


- Australia 


- Canada (Ontario, Manitoba) 


- United Arab Emirates (Dubai) 


- India (schedule, job aid) 


- Malaysia 


- South Africa (private sector) 


- Thailand 


- United States of America - Centers for Disease Control and Prevention 


Catch-up schedules can also be designed for specific antigens. See example in Table A1.1. Other 


examples of antigen-specific catch-up schedules here: Ontario,  USA - CDC. 


Catch-up schedules can also be created to address the needs of specific target populations (for 


example, refugees or migrant populations) that may be missing one or more vaccines on the local 


immunization schedule. See, for example, Australia’s Guidelines for Catch-up Immunization in Refugees. 


Table A1.1 – Catch-up vaccination schedule for Tetanus-toxoid-containing vaccine (TTCV) for 
previously unvaccinated individuals >1 year of age47 


 


 
46 These and additional examples are also available on Tech-net – link to be inserted 
47 WHO. Protecting all against tetanus: Guide to sustaining maternal and neonatal tetanus elimination (MNTE) and broadening 


tetanus protection for all populations. 
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Table A1.2 – WHO recommendations for Interrupted or Delayed Routine Immunization – simplified tablea 
Antigen Minimum age of 


first dose 


Doses in primary series 


(minimum interval between 


doses) 


Interrupted primary 


series 


Doses for those who start vaccination late Booster 


If ≤ 12 months of 
age 


If > 12 months of age  


BCG  


 


As soon as possible 


after birth  


1 dose  NA  1 dose  1 dose  Not recommended 


Hepatitis B As soon as possible 


after birth (<24h) 


Birth dose <24 hrs plus 2-3 


doses with DTPCV (4 weeks) 


Resume without 


repeating previous dose  


3 doses  3 doses  Not recommended 


Polio bOPV + 


IPV 


6 weeks  


(see footnote for 
birth dose)b 


4 doses (IPV dose to be given 


with bOPV dose from 14 
weeks of age) (4 weeks) 


Resume without 


repeating previous dose 


4 doses (IPV to be 


given with 
1st dose of bOPV) 


4 doses (IPV to be given 


with 1st dose of bOPV)  


Not recommended 


IPV / 


bOPV 
Sequential 


8 weeks (IPV 1st)  


 


1-2 doses IPV and 2 doses 


bOPV (4 weeks) 


Resume without 


repeating previous dose 


1-2 doses IPV and 2 


doses bOPV 
 


1-2 doses IPV and 2 doses 


bOPV  


Not recommended 


IPV 8 weeks  3 doses (4 weeks)  Resume without 
repeating previous dose  


3 doses  3 doses If primary series begins < 2 months 
of age, booster to be given at least 6 


months after the last dose 


DTP-containing 


vaccine (DTPCV) 


6 weeks   


 


3 doses (4 weeks)  


 


Resume without 


repeating previous dose  


 


3 doses 


 


3 doses with interval of at 


least 4 weeks between 1st 


& 2nd dose, and at least 6 


months between 2nd & 3rd 
dose.  


(if > 7 yrs use only aP 


containing vaccine 


3 boosters: 12-23 months (DTP-


containing vaccine); 4-7 years (Td/DT 


containing vaccine; and 9-15 yrs (Td 


containing)  
(if > 7 yrs use only aP containing 


vaccine). 


Pneumococcal 


(Conjugate) (PCV) 


 


6 weeks  3 doses (3p+0) with DTPCV 


(4 weeks) or 2 doses (2p+1) 


(8 weeks) 
 


Resume without 


repeating previous dose  


2-3 doses  1-5 yrs at high-risk: 2 


doses 


Booster at 9-18 months if following a 


2-dose schedule.  


Another booster if HIV+ or preterm 
neonate. 


Rotavirus  
 


6 weeks  
 


2 or 3 depending on product 
 


Resume without 
repeating previous dose  


2 or 3 depending on 
product  


>24 months limited 
benefit  


Not recommended 


Measles-containing 


vaccine (MCV) 


9 or 12 months  


(6 months min, see 
footnote)c 


2 doses (4 weeks)  


 


Resume without 


repeating previous dose 


2 doses  2 doses  Not recommended 


Rubella 9 or 12 months  1 dose with MCV  NA  1 dose  1 dose  Not recommended 


Human 


Papillomavirus 
vaccine (HPV) 


As soon as possible 


from 9 years of 
age  


If started <15 years, 2 doses 


(5 months)  


Resume without 


repeating previous dose  
No maximum interval. 


NA 9-14 years: 2 doses  Not recommended 


If started ≥15 years, 3 doses 


(1 month for 2nd dose, 4 
months for 3rd dose) 


Resume without 


repeating previous dose  
No maximum interval. 


≥15 years: 3 doses 


 
a See full version of Table 3 for addition al details, and recommendations for certain regions and high-risk populations: https://www.who.int/immunization/policy/Immunization_routine_table3.pdf 
b In polio-endemic countries and in countries at high risk for importation and subsequent spread of poliovirus, WHO recommends a birth dose of bOPV (“bOPV0”), followed by a primary series of 3 bOPV doses and at least 1 
dose of IPV.  
c In certain situations, MCV can be given from 6 months of age. This dose should be considered a zero dose (“MCV0”) and two subsequent doses (MCV1 and MCV2) should still be provided according to the national schedule. 
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Annex 2. Minimum Intervals between Doses in a Vaccine Series 


For vaccines requiring multiple doses, the minimum interval is the shortest amount of time permissible between 


doses in order to provide an adequate immune response. If the interval between the doses is  shorter than the 


minimum interval, the second dose received may not be effective. 


Refer to WHO recommendations for interrupted or delayed immunization to design an catch-up vaccination 


schedule and job aids to assist health workers in assessing eligibility for vaccination when an individual has missed 


or delayed doses. 


Antigen Minimum age 


at first dose 


Minimum 
interval 


between doses 


1 and 2 


Minimum 
interval 


between doses 


2 and 3 


Minimum 
interval 


between doses 


3 and 4 


Comments 


BCG Birth    Give at earliest opportunity after birth 


Hepatitis B 


birth dose 
Birth    Give at earliest opportunity after birth, up until 


eligible for the first dose of HepB1 or 


combination vaccine  


Hepatitis B 


(excluding 


birth dose) 


6 weeks 4 weeks  4 weeks   


DTP-containing 


vaccine 


6 weeks 4 weeks  4 weeks 


(If >1 year, 


leave at least 6 


months 


between dose 2 


and 3) 


6 months  


(and >1 year of 


age) 


If >7 years, use only aP containing vaccine; if >7 


years, use Td-containing vaccine 


A total of 6 doses of Td/DT-containing vaccine 


are recommended, minimum interval of 6 


months.  


If Td vaccination is started during adolescence 


or adulthood, only 5 doses are required. 


Hib* 6 weeks 4 weeks  4 weeks  If >1 year, only 1 dose is needed. 


Not recommended for >5 years, if healthy. 


Polio OPV 


(excluding 


birth dose)* 


6 weeks 4 weeks  4 weeks 4 weeks  


Polio IPV* 8 weeks 4 weeks 4 weeks  For IPV-only schedules, if the first dose is given 
<2 months, a booster should be given at least 6 


months after the last dose. 


Rotavirus 6 weeks 4 weeks 


 


4 weeks  


(if using a 3-


dose schedule) 


 Not recommended >2 years. 


PCV* 6 weeks 4 weeks 4 weeks  If 1-5 years, only 2 doses needed. 


MR or MMR 9 months 


(6 months, see 


comments) 


4 weeks 


(and >1 year of 


age, for 2nd 


dose) 


  In certain cases, a supplementary dose of 


measles vaccine can be given as early as 6 
months of age. Any dose given <9 months 


should be recorded as MCV0. Two subsequent 


doses are required. 


HPV 9 years 


(if started ≥15 


years, see 


comments) 


5 months   If series is started ≥15 years old, 3 doses are 
needed (minimum interval 1 month between 


1st and 2nd dose; 4 months between 2nd and 3rd 


dose) 


*Alternative schedules available. See WHO recommendations for interrupted or delayed immunization  for additional detail and for 


other antigens not shown above.  
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Annex 3. Sample job aids for catch-up vaccination  


The job aids below are illustrative examples, to be adapted in line with national immunization 


schedules and catch-up vaccination policies. Additional examples of job aids for adaptation are 


available on Tech-net (https://www.technet-21.org/en/topics) 


Some countries have developed online, computer or mobile phone-based applications to help health 


workers calculate eligibility for catch-up and answer frequently asked questions about vaccination 


schedules and catch-up vaccination. 


Examples of such web-based tools include: 


• The National Immunisation Catch-up Calculator (NICC) developed by the Australian Government 


Department of Health, available here: https://immunisationhandbook.health.gov.au/catch-up-


calculator/calculator  


• Catchup Ghana, an app to assist with building catch-up vaccination schedules, available here: 


https://play.google.com/store/apps/details?id=com.ghs.catchupgh 


• The Childhood Vaccine Assessment Tool, developed by the US CDC, available here: 


https://www2a.cdc.gov/vaccines/childquiz/ 
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Which vaccines can be given today? 


Available at: 


www.who.int/immunization/programmes_systems/policies_strategies/2YL_Catchup_Job_Aid.pdf 
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Annex 4. Catch-up vaccination worksheet for determining eligibilitya   


Worksheets like this can be a useful tool to help health workers assess which doses an individual is 


eligible for at the time of a visit, and when subsequent doses will be needed (to communicate this to 


the caregiver or individual). 


Name: 


Date of this assessment: 


Date of birth: 


Age at this assessment: 


Vaccine 


Number of 
doses 


received and 
date for each 


Number of 
doses 


needed at 
current age 


Dose number 
due now 


Additional 
doses 


required 
(interval or 


date) 


Comments 


To be 
completed 
based on 
national 


immunization 
schedule 


    
Note here if 


any upper age 
limits apply 


(e.g. Rotavirus) 


      


      


      


 


Photocopy or take a photo of the section below and provide to individual (hard copy or send via 
SMS/chat/email): 


Catch-up vaccination appointments 


Date Vaccines and dose 
numbers 


Interval to next dose (if 
needed) 


Comments 


    
    


    
    


    
 


  


 
a Adapted from the Australian Immunisation Handbook, developed by the Australian Government Department 


of Health, available online: https://immunisationhandbook.health.gov.au/resources/handbook-


tables/resource-catch-up-worksheet-for-children 
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Annex 5. Tally sheet for routine childhood vaccinations – example 1 


The tally sheet below provides an example of a design which allows health workers to record catch-


up vaccinations administered without restricting recording within an upper age limit.  


Depending on the programme objectives for calculating coverage, alternative designs may remove 


age groupings entirely. 
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Tally sheet for routine childhood vaccinations – example 2 


The tally sheet below provides an example of a design which allows health workers to record catch-


up vaccinations administered without restricting recording within an upper age limit.  


Depending on the programme objectives for calculating coverage, alternative designs may remove 


age groupings entirely 
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Annex 6. Periodic Intensification of Routine Immunization: An Overview 


The note below was developed in October 2018 by an ad-hoc workgroup on PIRI.a 


About 


Periodic intensification of routine immunization (PIRI) is an umbrella term to describe a spectrum of 


time-limited, intermittent activities used to administer routine vaccinations to under-vaccinated 


populations and/or raise awareness of the benefits of vaccination.  Example activities include Child 


Health Days, Child Health Weeks, and National Vaccination Weeks (Table A6.1).  Historically, a PIRI 


that included delivery of vaccinations also included delivery of other key maternal and child health 


(MCH) interventions such as vitamin A supplementation, bed nets, and de-worming tablets.  PIRIs 


gained popularity in the 2000s, often taking advantage of widespread vitamin A supplementation 


activities, to improve vaccination coverage in under-vaccinated populations and increase the 


awareness of and support for vaccination services.  Typically, targets for vaccination through PIRI 


were not set and its contribution to routine immunization coverage was not assessed.  PIRIs are 


generally not designed to address or solve the underlying causes of under-vaccination but 


complement efforts in reaching the unreached population.  


By definition, the vaccine doses provided during a PIRI activity are considered routine, rather than 


supplemental. This means that health workers must screen children for eligibility based on age and 


immunization history and that the doses administered must be recorded on vaccination cards and 


registers, reported as part of annual coverage estimates generated by countries, and submitted as 


part of the WHO/UNICEF Joint Reporting Form process.  


General Aims & Activities 


A PIRI generally includes one or both of the following key vaccination-specific aims and activities: 


1. Targeted delivery of all or selected routinely-recommended vaccinations to under-vaccinated 


populations within the usual target age range stipulated by the national immunization program 


for routine vaccination services.  In essence, it is a catch-up opportunity for children or eligible 


targeted population who are the usual target group for routine immunization services but have 


been missed or underserved during the year. 


 


2. Community-wide social mobilization and advocacy activities on the benefits of routine 


immunization and the availability of routine immunization services.  These activities typically aim 


to reach the parents of young children, the general public to broadly increase positive awareness 
about vaccination services, and decision makers to raise the visibility of routine immunization 


and advocate for resources.    


General Approachb 


Targeted delivery activity 


Ideally, in the first step of the targeted PIRI activity that involves service delivery, health system staff 


review recent vaccination performance and surveillance data to identify communities which would 


benefit from a routine immunization catch-up activity. Communities with low vaccination coverage 


or recurrent outbreaks of vaccine preventable diseases are targeted for the PIRI activity.  Staff then 


 
a Drafting led by Fields R, Kretsinger K, Mirza I, Sodha S, Wallace A. 
b As described in WHO. Periodic Intensification of Routine Immunization: Lessons Learned and Implications for 
Action, available at:    
http://www.who.int/immunization/programmes_systems/policies_strategies/piri_020909.pdf  
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estimate the numbers of under-vaccinated children in order to forecast vaccine needs to ensure that 


sufficient vaccine is available for the PIRI activity.  The target age range for this exercise is generally 


the same as for routine immunization.  Health system staff then identify the vaccination delivery 


sites that are most convenient and appropriate for reaching the low-coverage or marginalized 


communities to be served by the PIRI activity.  The PIRI activity occurs over the course of a short, 


multi-day period, largely organized and administered by the health system staff and volunteers.   


Social mobilization and advocacy activities  


Social mobilization and advocacy activities are generally high profile, taking place at community, 


district, regional and national-levels. They aim to raise awareness among certain target populations 


and the general public about the benefits of vaccination and to advocate to high-level decision 


makers for support and resources for immunization.  Specific events can be carried out with national 


and subnational government officials and other key community stakeholders who are engaged to 


discuss and promote the benefits of vaccination.  


 When to use each activity 


In several countries with high vaccination coverage, use of only a social mobilization activity (for 


instance, Vaccination Week in the Americas) is deemed sufficient because the health system is 


capable of reaching the entire target population with routine vaccinations throughout the year.  


However, these efforts may be augmented with very specific, targeted service delivery activities, 


e.g., expanded service delivery to cross-border populations traditionally missed through routine 


services.  Use of the targeted delivery activity is considered expensive and may interfere with the 


normal, routine health system operations, so sufficient value and need must be present before 


supporting the use of a targeted delivery activity.   In many countries that use targeted service 


delivery activities, social mobilization is also conducted in order to mobilize the community in 


question to participate in the PIRI targeted delivery activity.    


 


Table A6.1 - PIRI goals, general strategies, and activities   


PIRI goal General strategy Type of activity  


Expand access and provide 
vaccination plus other health 
interventions that are not 
routinely available to a wide 
range of population 


Deliver routine immunization doses 
(and possibly other selected child 
health interventions) during a multi-
day period 


Child Health Day/Week 


Deliver routine immunization doses 
(and possibly other maternal and child 
health interventions) during a multi-
day period 


Maternal & Child Health 
Day/Week  


Expand access and provide 
vaccination to specifically-
defined vaccination-eligible 
populations that have not 
received recommended 
vaccines 


Deliver routine immunization doses 
(and other selected health 
interventions) during a multi-day 
period, targeted at specifically 
defined, under-vaccinated 
communities 


Targeted CHW/MCHW 


Improve demand: Promote 
the benefits of routine 
vaccination 


High visibility communication, 
advocacy, and social mobilization 
events  


Global/Regional/ 
National Immunization 
Week 
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PIRI Targeted Delivery Activities, Supplemental Immunization Activities (SIA), and Routine 


Immunization Services 


A PIRI service delivery activity differs from an SIA and routine immunization in some key ways  


(summarized in Table A6.2):   


1. Vaccine doses provided during the PIRI activity are considered as routine immunization doses 


and must be recorded and reported so that they are captured in annual estimates of coverage.  
In operational terms, this means that all children must be screened for eligibility for each dose 


provided through PIRI.   


2. A PIRI will use the same target population as routine immunization whereas an SIA will often 


target an expanded age range. In practical terms, PIRIs are usually limited to children 24 months 


of age or younger, due to the challenges of documentation with older  


3. A PIRI will generally include all doses of all vaccines used in routine immunization whereas an SIA 


often provides just one or two vaccines (usually measles and/or polio vaccine).   


4. A PIRI targeted service delivery activity, to be of strategic value, is planned such that it targets 


only those communities known to be recently underserved with routine immunization.  By 


contrast, the geographic scope of an SIA is usually region-wide or nationwide. The PIRI activity 
also differs from routine immunization services in that it is typically carried out only in a selected 


number of communities to increase coverage and reach unreached populations as identified 


through microplanning and prioritization. By contrast, routine immunization services are 


intended to serve all communities.   


Table A6.2 – Comparison of features of SIAs, PIRI targeted service delivery, and routine 


immunization service delivery 


 SIA PIRI targeted service 
delivery 


Routine immunization 
service delivery 


Purpose Rapidly increase 
population immunity by 
providing vaccine doses 
to a target geographic 
and age-range, 
regardless of prior 
vaccination status  


Rapidly reach 
underserved populations 
or catch up children who 
are overdue for 
vaccination 


Provide timely vaccination 
to all intended 
beneficiaries as soon as 
they become eligible, in 
accordance with national 
vaccination schedule 


Geographic 
scope 


Large geographic areas, 
based on epidemiologic 
data   


Selected geographic areas Nationwide  


Age of target 
population  


Often an expanded 
target age group, based 
on epidemiologic needs 


Corresponds to target age 
group in national 
vaccination schedule. 
May be temporarily 
expanded to catch up 
children who are overdue 
for doses  


Corresponds to target age 
group in national 
vaccination schedule.  


Screening  Required to determine 
child’s age 


Required to determine 
child’s age and eligibility 
for each vaccine dose to 
be given  


Required to determine 
child’s age and eligibility 
for each vaccine dose to be 
given 


Recording of 
doses 


Each dose is considered 
supplemental and is 
recorded on tally sheet 
for the SIA, and ideally 


Each dose is considered 
routine and must be 
recorded on home-based 


Each dose is considered 
routine and must be 
recorded on home-based 
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should be recorded as a 
supplemental dose on 
home-based record or 
SIA card 


record, clinic-based 
register, and tally sheet   


record, clinic-based 
register, and tally sheet   


Reporting of 
doses 


All doses are captured in 
report for the SIA   


All doses are captured in 
annual administrative 
estimates of coverage 
and Joint Reporting Form 


All doses are captured in 
annual administrative 
estimates of coverage and 
Joint Reporting Form 


Communication 
on next doses 


Inform caregiver of need 
for routine 
immunization  


Inform caregiver on when 
to return for next dose 


Inform caregiver on when 
to return for next dose  


 


Potential PIRI Benefits  


• Identifies, prioritizes, and vaccinates populations that are underserved by routine immunization 
services.  


• If the target age group is expanded for PIRI, can rapidly vaccinate children who are overdue for 


vaccination. 


• Has potential to rapidly raise demand for measles first and second doses and other routine 
immunization services.  


• May strengthen microplanning skills to ensure inclusion of populations at high risk of under-


vaccination. 


• In locations with very little or no functioning health system, may be the only recourse for 
reaching certain populations (pulse immunization). 


Potential PIRI Challenges  


• PIRI does not address systemic, root causes for the failure of routine immunization services 


(fixed or outreach) to reach all populations and instead provides a time-limited solution.  


• PIRI does not have the same ability as SIAs to rapidly increase population immunity to prevent 
outbreaks. Typically, the target age for PIRIs is narrower than that of SIAs. In addition, 


operational challenges of eligibility screening and immunization documentation may lead to 


lower coverage within a given target age than would be achieved in a non-selective SIA, even 


among zero and one dose children.  


• Accurately defining target population size, eligibility criteria and service delivery sites for PIRI is 
challenging as data quality is likely low for underserved populations. 


• The ability to set targets for PIRI and assess its contribution to annual routine immunization 


coverage is complex and imprecise.  


• Screening requires name-based information from child health registers and home-based records 
(HBRs) whose availability is likely limited among underserved populations.  Doses given during 


PIRI must be captured in registers and HBRs as routine doses. Moreover, if the PIRI makes use of 


an expanded number of sites for service delivery, the child register cannot be broken up to go to 


all of them and thus the information needed for screening relies heavily on the availability of the 


HBR.   


• There is need to ensure that there is a sufficient supply of vaccines and other commodities for 


both routine immunization services and PIRI so that future stock-outs do not occur.  


• Service delivery through PIRI entails additional workload to create special microplans for PIRI 
and harmonize them with microplans for routine immunization services.  


• If used too widely or frequently, PIRI may distract caregivers from using routine immunization 


services when their children become eligible and thereby reduce timeliness of vaccination.  
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• PIRI may divert resources away from ongoing routine immunization services or from addressing 


the causes of long-standing obstacles to routine immunization.  


Considerations for Using PIRI 


PIRI service delivery activities are basically targeted campaigns to catch up children (and sometimes 


adults) on missed vaccinations or to reach populations that are traditionally underserved by routine 


services. Ideally, PIRIs should be part of a bigger immunization program strategy that also includes 


efforts to simultaneously strengthen routine immunization services for the long term. PIRIs would 


then serve as a bridge of providing immunity until route immunization services are strengthened 


enough to sustainably provide routine services for the targeted communities.  


Whether a PIRI should be conducted depends largely on whether investing resources into the PIRI 


activity to rapidly raise coverage among certain target groups outweighs the potential benefits of 


using those resources to support routine operational activities (e.g., ensuring that planned outreach 


sessions occur, routine supportive supervision takes place, routine microplanning happens at all 


levels).  


Alternatively, such resources could be used to address the root causes of long-standing obstacles to 


sustainable, high, and equitable routine coverage.  If PIRI is used widely and regularly in 


circumstances where there is not specific need, it risks diverting community attention away from 


timely use of routine immunization services, particularly if vaccinations are made more convenient 


during PIRI.  Table A6.3 outlines considerations based on the country performance context and the 


likely PIRI activities that would occur within each context: 


Table A6.3 – Potential PIRI design based on country setting 


Vaccination 
coverage level 


Operational issues for PIRI 


Service delivery IEC /social 
mobilization 


Considerations 


High coverage 
nationally and 
subnationally 


May not be 
appropriate  


Optional social 
mobilization event to 
maintain high and 
positive vaccination 
awareness 


Identify if impact of social 
mobilization event outweighs 
cost, particularly compared 
with other strategies that 
could be used to improve/ 
maintain coverage  


Medium/high 
nationally, with 
multiple low 
coverage 
subnational 
areas 


Consider targeted, 
time-limited outreach 
sessions 1-2 times 
per year in 
communities with 
identified low 
vaccination coverage  


If needed, social 
mobilization to 
improve demand and 
use; combine with 
expanded service 
delivery (if included in 
the PIRI activity) 


Analyze whether investments 
into routine outreach or 
ensuring that all fixed health 
facilities conduct vaccination 
sessions is a better use of 
funds than PIRI activity 


Low nationally, 
with several low 
coverage 
subnational 
areas 


Consider wide-scale 
Child Health Week 
twice per year, 
particularly in 
locations with poor 
infrastructure  


Social mobilization 
event coupled with 
Child Health Week 


Identify if investments into 
routine outreach or ensuring 
all fixed health facilities 
conduct vaccination sessions is 
a better use of funds than PIRI 
activity 
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Annex 7. Actions to enhance acceptance and demand for vaccination 


KEY POINTS 


• Vaccination uptake is affected by both individual, social and practical factors. This includes the 
convenience and experience of immunization services, as well as community trust in vaccines  
and local or national authorities. 


• Building acceptance and demand for vaccination not only contributes to closing immunity gaps 
but strengthens resilience in the face of vaccine-related events (e.g. outbreaks, AEFIs, rumours / 
misinformation), to minimise the negative impact of such events. 


• Intensified efforts are needed to support vaccine demand in the context of service disruption 
due to social and practical pressures that can exacerbate barriers to vaccination.  


 


Communication about immunization 


• It is always important to reinforce the value of vaccination to build public awareness.  


• In the event of service disruptions, communication must address public concerns and convey 
clear messages about the extent of the disruption.  


• Programmes should communicate regularly during and even after disruptions to reinforce two 
key messages: 
✓ Importance and benefits of vaccines 
✓ Where, when and how the public can continue to access vaccination services. 


 


Engaging with local civil society organizations 


• Trust is critical to resilience of immunization services in the face of disruptions.  
• An unknown disease or an epidemic that spreads quickly and widely can raise the levels of fear, 


anxiety, stigma and discrimination amongst affected populations. Therefore, it is important to 
consider not just what messages to deliver, but also how and from whom.  


• Building and maintaining trust requires dialogue – listening and responding to community needs. 
Within this context, it is widely recognised that Civil Society Organisations (CSOs) – including 
non-governmental organisations (NGOs), advocacy organisations, professional and community 
associations, faith-based organisations and academia – can support immunization programmes 
to understand and address demand related barriers. They can also play a key role in 
implementation of immunization and encourage transparency and accountability.  


• To build acceptance and demand for vaccination, programmes must: 
o Harness local alliances – especially any structures that may have emerged during 


emergency/exceptional situations. 
o Coordinate with CSOs to facilitate community engagement to build support for vaccination, 


listen and respond to community concerns regarding vaccination, and promote the value of 
vaccination, and where and when to seek vaccination. 


 


Behaviourally informed interventions 


• To design and evaluate effective immunization programmes and services, including catch-up 
vaccination strategies, immunization professionals must first identify the root causes for low 
coverage.  


• Assessing the drivers and barriers of immunization does not need to be a resource and time 
intensive activity. Effective data collection: 
o Makes use of established partnerships with communities, CSOs and other listening networks 


to gather insights into why vaccination coverage rates are low. 
o Focusses on the target population; those most vulnerable to un/under-vaccination. 
o Acknowledges that collecting some data is better than collecting no data all.  
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• Immunization programme managers and planners should generate insights on context-specific 
drivers and barriers to uptake, and tailor services and interventions to help individuals overcome 
any lack of motivation or competing priorities.  


• For detailed guidance on tailoring interventions, please see the Tailoring Immunization 
Programmesc (2019) approach. 


• Important behaviourally informed interventions for addressing known drivers and barriers to 
immunization include: 
o Ensure clean workstations and simple/easy workflows for vaccination health workers to 


encourage safe, effective and prompt service. 
o Make use of prescheduled appointments or dedicated appointment times wherever possible 


to control the total number of individuals at the health facility and reduce waiting times. 
o Ensure comfortable waiting spaces: clean, well ventilated, not overcrowded, and allowing 


for respectful physical distances, if necessary.  
o Where possible, provide: seating, access to water and restrooms, and nursing spaces. 
o To try to reduce anxiety of individuals kept waiting for vaccination, facilitate a steady flow of 


individuals coming and going by dedicating distinct entrances and exits to the vaccination 
area and reduce unnecessary physical contact between individuals, where possible.  
 


Considerations for supportive supervision and motivation of health workers 


• As the bridge between communities and immunization, it is equally important to address the 
needs and concerns of health workers. To sustainably build acceptance and demand, 
programmes must invest in adequate training and support for front-line vaccination health 
workers.  


• Supportive supervision is intended to help health workers to enhance the quality of service 
delivery, which includes:  
o Improving lines of communication between health workers and supervisors. 
o Using feedback mechanisms to gather and address any health worker concerns. 
o Using tools for supervision, including job descriptions and performance reviews. 
o Providing written feedback for reference and evidence-based action planning. 


• Training and capacity building also contribute to the delivery of quality services that shape 
positive service experiences, and in turn grow community demand: 


o All staff should be trained in key areas of immunization, per the WHO Standard 
Immunization Competencies Framework,d and offered ‘refreshers’ where feasible. 


o All staff should receive training in inter-personal communications and related community 
engagement. This should include guidance on how to address rumours and concerns about 
vaccines, and communicate about AEFIs, and the benefits of vaccines.  


 


  


 
c http://www.euro.who.int/en/health-topics/communicable-diseases/poliomyelitis/publications/2019/tip-tailoring-


immunization-programmes-2019 
d  https://www.who.int/immunization/programmes_systems/workforce/standard_competencie s_framework/en/ 
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Annex 8. Example VPD risk-assessment worksheets 


The risk-assessment worksheets below are examples, taken from the WHO Vaccination in Acute 


Humanitarian Emergencies: a Framework for Decision Making.e Worksheets to assist in risk-


assessments for the following VPDs can be found in Annex 2 of that document: 


• cholera 


• diphtheria  


• hepatitis A 


• hepatitis B 


• hepatitis E 


• Haemophilus influenza type b (Hib) 


• human papillomavirus (HPV) 


• influenza (seasonal) 


• Japanese encephalitis 


• measles 


• meningitis 


• mumps 


• pertussis 


• pneumococcal 


• poliomyelitis 


• rabies 


• rotavirus 


• rubella 


• tetanus 


• tuberculosis 


• typhoid 


• varicella 


• yellow fever 


  


 
e Available at: https://apps.who.int/iris/bitstream/handle/10665/255575/WHO-IVB-17.03-eng.pdf 
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Table A8.1 – Measles disease-specific risk factors 


Factor Risk level Comments 
High Medium Low 


Risk level for 
the setting: 
geography, 
climate and 
season 


• Sub-Saharan 
Africa 


• South and 
South-East Asia 


• High 
transmission 
season 
occurring 
currently or 
within the next 
3 months 


• High 
transmission 
season within 
the next 3-6 
months 


• Low 
transmission 
season 


• The Americas, 
Europe and the 
Middle East 


Likely that seasonal climate 
patterns influence population 
density that, in turn, increases 
the transmission of measles.  


Strongest seasonal effect is in 
the Sahel, where cases peak in 
the dry season as people 
congregate in villages and 
towns. In other parts of Africa, 
cases peak in the cool rainy 
season. Local experts should be 
consulted on local seasonal 
changes. 


Population 
immunity 


Routine 
vaccination 
coverage for 
children <18 
months is <70% 


Routine 
vaccination 
coverage for 
children <18 
months is 70-89% 


Routine 
vaccination 
coverage for 
children <18 
months is >95% 
and routine 
immunization can 
be maintained 


Reaching all children with 2 
doses of measles-containing 
vaccine should be the standard 
for all national immunization 
programmes.  


Infection is thought to provide 
long-lasting/lifelong immunity. 
Acute malnutrition and vitamin 
A deficiency increases measles 
mortality. Case management is 
very important in an outbreak. 


Burden of 
disease 


• The area has 
experienced one 
or more large 
outbreaks in the 
past 3 years, 
and/or  


• An outbreak is 
currently 
ongoing 


• The area has 
experienced one 
or more large 
outbreaks in the 
past 5 years, but 
none of them 
large  


 


• The country has 
achieved 
elimination 
status 


 


A large outbreak could consist 
of >100 cases or >10 deaths.  


Case-fatality ratio can range 
from <1% to 5-6% (higher in 
Africa, SE Asia); CFR >10% have 
occurred in refugee camps. 


 


Risk characterization  


Type of threat: Epidemics occur in population groups where the number of susceptibles becomes higher than the 


number of the birth cohort. Measles outbreaks can result in many deaths in unvaccinated individuals, especially among 
young, malnourished children. The risk of death is greatly reduced in people who are vaccinated; therefore, in areas 


with high vaccination coverage, the risk of death is also lower as most cases are in vaccinated individuals.  


Time frame: Incubation period of 10–14 days. Measles is highly infectious. Outbreaks can occur rapidly (<1 month) in 


crowded settings with a high proportion of non-immune population. 


Age-specific burden: Children <5 years are especially vulnerable; children 5–14 generally have lower rates of 


complications or death but should also be vaccinated. The risk of complications and death increases with age beginning 
around 15 years, and recent epidemics have featured considerable transmission in young adults, warranting 


consideration of these age groups for vaccination. Special efforts may be needed to mobilize older children and 
adolescents for vaccination.  
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Table A8.2 – Poliomyelitis disease-specific risk factors 


Factor Risk level Comments 
High Medium Low 


Population 
immunity 


• Reported 
routine 
vaccination 
coverage for 
children <23 
months is <80% 


• In endemic or 
countries at high 
risk of outbreaks 
following 
importation: the 
last SIA was 
done >6 months 
ago; or within 
the last 6 
months but with 
coverage <80% 


• Reported 
routine 
vaccination 
coverage for 
children <23 
months is 80-
89% 


• In endemic or 
countries at high 
risk of outbreaks 
following 
importation: the 
last SIA was 
done within the 
last 6 months 
but with 
coverage <90% 


• Reported 
routine 
vaccination 
coverage for 
children <23 
months is >89% 


 


Many polio-free countries at 
high risk of outbreaks following 
virus importation or emergence 
of circulating vaccine-derived 
poliovirus (cVDPV) also carry 
out regular SIAs 


 


Burden of 
disease 


The country 
experiencing the 
emergency (or 
from which 
refugees have fled) 
has ongoing virus 
transmission, i.e. is 
either endemic for 
polio, is currently 
affected by 
transmission, or 
shares borders 
with an infected 
country or area. 


The country 
experiencing the 
emergency (or 
from which 
refugees have fled) 
was recently 
infected (endemic 
or outbreak-
related 
transmission), but 
no polio case has 
been reported for 
at least 12 months. 


 


No polio case for at 
least 3 years, with 
good surveillance. 


 


About <1% of poliovirus 


infections in children <5 years 
of age, varying with serotype 
and age, results in paralysis. 


The case-fatality rates among 
paralytic cases range from 5 to 


10% in children and from 15 to 
30% in adolescents and adults. 


All polio-free areas remain at 
risk as long as any country 


remains endemic. 


 


Risk characterization 


Type of threat: Main threats are: renewed polio outbreaks in polio-free countries; in areas affected by emergencies, 
and in areas with low performing immunization systems following wild poliovirus importation from infected areas or 


emergence of circulating vaccine-derived poliovirus. New outbreaks in polio-free countries represent a major setback 
for the Global Polio Eradication Initiative. 


Time frame: Reintroduction and/or a large outbreak could occur within weeks of the emergency’s onset. The incubation 
period is 7–10 days; infectiousness lasts 3–6 weeks. 


Age-specific burden: Cases usually occur in children <5 years, with highest burden among those <36 months; however, 
epidemics affecting adults have recently occurred where virus was imported into populations with  past immunity gaps. 


  


2.2_IA2030


SAGE meeting April 2022 52







43 


For further information, please contact:  


World Health Organization  


Department of Immunization, Vaccines and Biologicals 


CH-1211 Geneva 27 Switzerland  


Fax: + 41 22 791 4227  


Email: vaccines@who.int  


Web: www.who.int/immunization/en  
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Abstract 
 
The COVID-19 pandemic has resulted in a double shock - health and economic. As of September 1, 2021, 
COVID-19 has cost more than 4.5 million lives and triggered an economic recession surpassing any 
economic downturn since World War II (WHO 2021a).  
 
In the months ahead, the world is likely to witness the fastest economic growth in the aftermath of any 
recession in the last 80 years. This swift turnaround in growth numbers, however, can’t hide the fact that 
a sustained, inclusive global recovery from COVID-19 poses complex challenges that remain unresolved 
today.  
 
The most recent International Monetary Fund (IMF) macroeconomic projections, the basis of this update, 
show a mixed picture regarding countries’ capacities to further build up government spending over the 
coming 5 years. A group of 126 countries is expected to increase per capita government expenditure (GGE) 
over the period 2021 and 2026. But in 52 countries, per capita GGE is projected to remain below the levels 
that countries reported in 2019, before the pandemic hit. We call the first group “GGE-growth countries” 
and the second “non-GGE-growth countries.”  
 
Also important are forms of diversity within each group. For example, both groups include both rich and 
poor countries. In addition—and crucially—in both groups, countries show diversity in the outlook across 
a wider range of fiscal parameters. Among both GGE-growth and non-GGE-growth countries, prospects 
vary substantially for the length and depth of periods during which governments are expected to cut their 
spending. Growing debt service requirements will also differentially constrain countries’ ability to invest 
in the welfare of their populations. Unaddressed, these disparities in fiscal outlook will leave countries 
even more divided in their ability to finance recovery from the COVID-19 health shock. When all these 
variables are considered, a stark rift between countries comes into focus. At one extreme are some higher-
income countries in the GGE-growth group—countries whose already-strong health financing capacities 
are poised to grow further in the years ahead. At the other extreme are some lower-income countries in 
the non-GGE-growth group—countries whose health spending is historically weak and likely to lose 
further ground. 
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Drawing on experiences from previous economic crises, the scenario analysis presented here suggests 
that governments will have to make bolds choices to return to pre-COVID-19 growth trends in government 
health spending per capita. GGE-growth countries would need to increase the share of their overall 
spending going to health to prevent falls in health spending during years of fiscal adjustment, and then to 
get back on the path of progress toward universal health coverage (UHC). The required increase in the 
share of health in overall government spending to 2026 averages 1.8 percentage points, or just over 15 
percent of the existing health share. In contrast, in non-GGE-growth countries, a return to pre-COVID-19 
growth rates in per capita government spending to would require increases in the share of their spending 
assigned to health well beyond historical highs – in low-income countries, for example, the share would 
need to almost double.  
 
Additional analyses demonstrate that the expected government health spending growth in low-income 
countries (LICs) and lower middle-income countries (LMICs) will fall far short of the spending needs to end 
the pandemic and prevent future ones. For example, without any changes in the share of government 
spending flowing to health, the expected net growth in health spending during 2021 and 2022 will amount 
on average to only 28.4 percent of the countries’ cost share of a COVID-19 vaccine roll out in LICs and 42.7 
percent in LMICs. Likewise, the expected growth in government health spending in 2026 will cover only 
63.5 percent of the necessary annual investment to strengthen and maintain public-health preparedness 
and response capabilities in LICs and 61.3 percent in LMICs.  
 
Widening rifts in health financing capacities across countries are expected to have even more far-reaching 
destructive effects. This is because they may force cash-strapped countries into difficult either/or choices 
in health investment. Funding response and preparedness priorities at the cost of other essential health 
services would pose grave risks for a full, sustained health and economic recovery from COVID-19. The 
initial COVID-19 health shock weakened non-pandemic health services in many settings, as health-system 
resources were redirected to the pandemic response. In these countries, growth in government spending 
on health was even prior to COVID-19 insufficient to meet the health SDGs goals and targets. 
 
Combined with intensified local efforts to increase the efficiency of health spending, coordinated global 
action that reverses the recent stagnation in development assistance for health will have positive effects 
far beyond the lower-income countries that benefit from it first. It won’t be easy to boost development 
assistance for health at a time when some wealthy donor countries are also struggling. But high-income 
countries, too, have a vital interest in reinforcing a global recovery that remains fragile. By recognizing 
joint interests and backing that recognition with resources, countries can bridge the health financing rift 
to build a healthier, more secure, more prosperous future for all.  
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INTRODUCTION 
 
This publication updates the analyses presented in the original discussion paper “From Double Shock to 
Double Recovery – Implications and Options for Health Financing in the Time of COVID-19,” published in 
March 2021 (C. Kurowski, D. B. Evans, et al. 2021). The original paper used macroeconomic projections 
released by the International Monetary Fund (IMF) in October 2020 (IMF 2020a) to project the possible 
time path of health spending per capita in 178 countries and territories from 2020 to 2025, under different 
scenarios. The scenarios built on observations of how health spending had responded during and 
immediately after previous economic crises, while taking into account that the economic crisis provoked 
by COVID-19 is different in its nature and scale. Since the launch of the original paper, its findings have 
been discussed with government officials, development partners, and World Bank staff in a series of 
seminars designed to clarify implications for countries and explore how governments can maintain 
needed levels of health spending following COVID-19.  
 
The most recent IMF country macroeconomic data, released in April 2021 (IMF 2021a), forecast country 
macroeconomic performance through 2026. In comparison to earlier estimates, these projections suggest 
a less severe global economic downturn in 2020 and a stronger recovery in 2021. However, the new data 
also indicate greater variation across countries, including markedly uneven growth prospects. Some 
economies are set to experience very strong economic recoveries, while others will likely struggle to 
rekindle sustained economic growth.  
 
The objective of the present update is threefold. First, the paper briefly reports the IMF’s revised 
macroeconomic projections. Second, it spells out the implications of these projections for countries’ 
health spending. Finally, it compares different spending scenarios with estimates of countries’ 
incremental spending needs if they are to halt the COVID-19 pandemic and return to a path of progress 
toward universal health coverage (UHC).  
 
As with the original paper, the analysis presented here covers 178 countries or territories for which the 
data needed to project health spending were available, with data summarized generally according to 
World Bank income groups.1 All per capita figures are reported in constant 2018 US dollars.  
 
This update focuses only on the revised macroeconomic data and their implications for health spending. 
The policy options countries can take to increase or maintain health spending, contingent on their own 
macroeconomic prospects, were outlined in the second part of the original paper and are still valid. 
Interested readers are referred to the original version of the paper (C. Kurowski, D. B. Evans, et al. 2021).  
 
  


 
1 The IMF provides macro-fiscal projections for 191 countries/territories. From this group, 13 are excluded from the analysis in 
this paper, either because the IMF data set does not include projections of their government spending up to 2026 or because 
WHO’s Global Health Expenditure Database does not contain health expenditure data for these jurisdictions. The countries and 
territories excluded for these reasons are: Argentina; Aruba; Equatorial Guinea; Guyana; Hong Kong SAR, China; Kosovo; Libya; 
Macao SAR, China; Montenegro; Puerto Rico; Taiwan, China; West Bank and Gaza; and Yemen. The analysis reported here 
focuses on the remaining group of 178 countries/territories. 
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COVID-19’S MACROECONOMIC IMPACT 
 
This section summarizes the latest IMF estimates and projections for economic growth, government 
revenues, and government spending - domains with central importance for health financing. Estimates 
and projections cover the period 2020 to 2026. The section also provides an update of the World Bank’s 
poverty estimates. 
 
Economic growth 
 
COVID-19 led to a deep economic contraction in 2020. On average, country gross domestic product (GDP) 
per capita is estimated to have contracted by 5.9 percent (figure 1). Unlike previous recessions, falls are 
estimated to have occurred in all country income groups, although the magnitude of the recession is 
expected to be smaller in lower- than in higher-income groups. An average fall of 3.2 percent is estimated 
for low-income countries (LICs), compared to a drop of 4.9 percent in lower middle-income countries 
(LMICs). For upper-middle-income countries (UMICs) an average fall of 6.9 percent is expected and for 
high income countries (HICs) of 7.0 percent. 
 


Figure 1. Annual growth rate in real per capita gross domestic product (GDP), 2000-2026  


 
 
 Source: Data from (IMF 2021a).  
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The global economy is projected to bounce back strongly starting in 2021 – the recovery may well result 
in the strongest growth seen in the immediate aftermath of any recession in the last 80 years (IMF 2021a); 
(World Bank 2021a). Any rebound in growth, however, will begin from the low base of 2020. While 
countries across all income groups will experience on average return to growth in per capita terms in 
2021, LICs are expected to return to pre-COVID-19 (2019) levels of GDP per capita in 2022 while it will 
take until 2023 for average GDP per capita to return to 2019 levels in the other three income groups 
(figure 2). 
 
Figure 2. Per capita gross domestic product (GDP), by income group, 2000-2026. (Constant 2018 US$) 


 
 
Source: Data from (IMF 2021a).  
 
Disparate effects across countries 
 
The averages of the estimated crisis’ impact on 2020 GDP per capita for each income group hide 
considerable variation across countries. For example, despite the global recession, 13 of the 178 countries 
are estimated to have maintained positive economic growth in 2020, though at lower rates than before 
the pandemic (map 1).2 At the other extreme, 28 countries are expected to have experienced GDP per 
capita declines in excess of 10 percent. None of these were LICs, four were LMICs, 11 were UMICs, and 13 


 
2 The countries included LICs: Ethiopia, Guinea, Tajikistan; LMICs: Bangladesh, Egypt, Myanmar, Vietnam; UMICs: China, Islamic 
Republic of Iran, Turkmenistan; and HICs: Brunei, Ireland, Nauru. 
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were HICs – consistent with the data presented earlier showing that the average percentage falls in GDP 
per capita were smaller in lower-income than higher-income countries.3 
  
Map 1..Estimated percentage change in real per capita gross domestic product (GDP), 2020 


  
Source: Data from (IMF 2021a). 


 
 
The variation across countries observed in 2020 extends to country prospects for a subsequent return to 
economic growth. Of greatest concern, projected rates of economic growth will be insufficient to allow 
40 countries to return to pre-COVID-19 levels of GDP per capita even by 2026. This group consists of four 
LICs, 15 LMICs, 10 UMICs, and 11 HICs.4 Later sections of the paper will consider the implications of this 
outlook for countries’ capacity to maintain government spending, including for health.  
 
  


 
3 Broken down by income group, the countries are as follows: LMICs: Cape Verde, Republic of Congo, Philippines, Vanuatu; 
UMICs: Belize, Botswana, Dominica, Fiji, Grenada, Iraq, Jamaica, Maldives, Peru, St Lucia, Surinam; HICs: Antigua and Barbuda, 
Bahamas, Barbados, Kuwait, Malta, Mauritius, Palau, Panama, San Marino, Seychelles, Spain, St Kitts and Nevis, United 
Kingdom. While no LIC experienced a decline of more than 10 percent, Afghanistan, Madagascar, and Sudan experienced 
declines of more than double the LIC average of 3.2 percent. 
4 LICs: Burundi, Chad, Haiti, Sudan; LMICs: Algeria, Angola, Comoros, Republic of Congo, Eswatini, Micronesia, Nigeria, Papua 
New Guinea, Sao Tome and Principe, the Solomon Islands, Timor Leste, Tunisia, Vanuatu, Zambia, Zimbabwe; UMICs: Azerbaijan, 
Belize, Ecuador, Grenada, Iraq, Namibia, Samoa, South Africa, St Lucia, Surinam; HICs: Antigua and Barbuda, Bahamas, Bahrain, 


Kuwait, Nauru, Oman, Palau, San Marino, Saudi Arabia, St. Kitts and Nevis, United Arab Emirates. 
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Harsh impacts on the poor and vulnerable 
 
The COVID-19 crisis is also estimated to have resulted in a sharp increase in extreme poverty. In 2020 
alone, 97 million people were estimated to have been pushed into extreme poverty, the majority in Sub-
Saharan Africa and South Asia (Mahler, et al. 2021). After years of continuous progress on poverty 
reduction, this would return global poverty to levels not observed in since 2015. Whereas the rate of 
poverty decline from 2020 to 2021 is expected to be similar to the rate of decline expected before the 
pandemic, there are variations across regions and income groups. The number of poor is set to increase 
in Middle East & North Africa and Sub-Saharan Africa, as well as in low-income countries. Simulations 
suggest that COVID-19 has put the 2030 target of 3 percent global poverty even further out of reach. The 
COVID-19 crisis is also expected to have a disproportionate impact on vulnerable populations more 
broadly, with the result that income inequality is predicted to increase and shared prosperity to decline 
(World Bank 2020a).  
 
Government revenue  
 
Across all countries, general government revenue (GGR) per capital (including grants) is estimated to have 
declined by 8.8 percent in 2020. This fall is greater than the estimated percentage fall in GDP per capita 
described earlier (5.9 percent) Average GGR per capita is estimated to have fallen in all country income 
groups (figure 3) and, as with GDP per capita, the average percentage falls were more severe in HICs (9.8 
percent) and UMICs (10.9 percent) than in LMICs (7.4 percent) and LICs (4.9 percent). 
 
Figure 3. Annual growth rate in real per capita general government revenue (GGR), 2000-2026  


 
Source: Data from (IMF 2021a).  
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Average GGR per capita is projected to rise in LICs, UMICs, and HICs from 2021, but in LMICs it will likely 
fall again in 2021 before rising from 2022 (figure 4). Average per capita government revenue is forecasted 
not to rebound to pre-pandemic levels in LICs until 2022. In UMICs and HICs, this is unlikely to until 2023, 
while in LMICs it is not forecasted to happen until 2026. Projections of government revenue as a share of 
GDP follow similar patterns.5   
 


Figure 4. Per capita general government revenue (GGR), by income group, 2000-2026. (Constant 2018 
US$) 


 
Source: Data from (IMF 2021a). 
 
Uneven impact across countries  
 
As with GDP per capita, the COVID-19 crisis is expected to have had varying impacts on GGR per capita 
across countries in each income group in 2020. For example, a total of 26 countries are estimated to have 
seen a rise in GGR per capita despite the global recession. These were largely lower-income countries: 


 
5 See annex 2. 
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eight LICs, 13 LMICs, four UMICs, and one HIC (map 2).6 On the other hand, 20 countries are likely to have 
experienced falls in excess of 20 percent. In this case, three were LICs, six LMICs, six UMICs, and five HICs.7 
 
Map 2. estimated percentage change in real per capita general government revenue (GGR), 2020 
 
 


 
Source: Data from (IMF 2021a) 


 
There is also considerable variation across countries in terms of the projected return to growth in GGR 
per capita. At the extreme, real GGR per capita is projected to remain below pre-COVID-19 levels 
throughout the period from 2021 to 2026 in 49 countries.8 Again, the implications for government capacity 
to spend, including on health, are considered in the next section.  
 
General government expenditures  
 
Globally, most countries responded to the COVID-19 crisis by increasing per capita general government 
expenditure (GGE) in 2020 (figure 5). While per capita GGR declined in most settings, government 
spending needs increased because of the urgent requirement to fund the health sector pandemic 
response and protect people, jobs, and firms during the recession. Higher government investments were 


 
6 LICs: Burkina Faso, Burundi, Central African Republic, Chad, the Gambia, Guinea, Guinea-Bissau, Sierra Leone; LMICs: Benin, 
Bhutan, Comoros, Lesotho, Mauritania, Morocco, Myanmar, Pakistan, Sao Tome and Principle, Senegal, Timor Leste, Ukraine, 
Zimbabwe; UMICs: Marshalls, Samoa, Tonga, Tuvalu; HIC: Nauru.  
7 LICs: Madagascar, South Sudan, Sudan; LMICs: Cap Verde, Cambodia, Cameroon, Lao PDR, Nigeria, Sri Lanka; UMICs: 
Azerbaijan, Fiji, Iraq, Moldova, Peru, St. Lucia; HICs: Bahamas, Brunei, St. Kitts and Nevis, Trinidad and Tobago, United Arab 
Emirates.  
8 In addition, GGR per capita is projected to fall in at least one year up to 2026 in 10 other LICs (of a total of 18 LICs), 17 of 32 
LMICs, 29 of 32 UMICs, and 38 of 44 HICs. 
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largely funded by increased borrowing, supplemented by grants in lower-income settings (Tandon, 
Roubal, et al. 2020) (IMF 2021b). On average, countries’ general government expenditure per capita is 
estimated to have grown by 5.4 percent, though in HICs (9.1 percent) and LICs (5.5 percent) proportionally 
more than UMICs (4.0 percent) and LMICs (2.3 percent).  
 
Figure 5. Annual growth rate in real per capita general government expenditure (GGE), 2000-2026 


 
Source: Data from (IMF 2021a). 


 
In 2021, GGE per capita is projected to continue growing on average in LICs, LMICs, and UMICs (figure 6). 
In 2022, however, it is expected to fall, before it rises in these three income groups from 2023 on. For 
HICs, falls are expected annually from 2021-2023 before average GGE per capita starts to rise. By the end 
of 2026, GGE per capita is projected to be for all income groups on average above pre-COVID levels and 
above 2020 levels for LICs, LMICs, and UMICs. 
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Figure 6. Per capita general government expenditure (GGE), 2000-2026. (Constant 2018 US$) 


 
 
Source: Data from (IMF 2021a) 
 
A world divided 
 
The average of GGE per capita growth estimates for the four country income groups hide considerable 
variation across countries (map 3). In 2020, for example, despite the average increases in GGE per capita 
in LICs and LMICs, GGE per capita is estimated to have fallen in almost half of these countries (36 out of 
73). Falls are estimated to be have occurred less frequently among higher-income countries – in only 13 
of the 46 UMICs and in six of the 58 HICs.  
 
  


2.3_IA2030


SAGE meeting April 2022 19







20 
 


Official Use 


Map 3. Estimated percentage change in real per capita general government expenditure, 2020 
 
 


Source: Data from (IMF 2021a). 


 
Projections of future trends in general government expenditure per capita also show substantial 
variations, underscoring that future spending capacities are likely to differ considerably across countries 
in the medium term. The differences in the outlook reflect variations in the macro-fiscal constraints 
presented earlier, including the projected changes in GDP and GGR per capita.  
 
Taking pre-COVID-19 per capita spending levels as the benchmark, 126 countries are projected to increase 
their government spending capacity by 2026, that is, their levels of per capita GGE in 2026 are expected 
to exceed the levels in 2019. The remainder of this paper refers to this group as GGE-growth countries.  
 
In contrast, a set of 52 countries are projected to see a drop in their spending capacity through 2026, that 
is, their levels of per capita GGE in 2026 will fall short of their government spending levels in 2019.9 The 
remainder of this paper refers to this group as non-GGE-growth countries. The non-GGE-growth countries 
are currently home to approximately 900 million people, the majority of them (64.3 percent) living in 
lower income countries.  
 
 
 


 
9 Broken down by income groups, the 52 countries are as follows. LICs: Afghanistan, Burundi, Liberia, Mozambique, Sierra 
Leone, South Sudan, Sudan; LMICs: Algeria, Angola, Bolivia, Cameroon, Comoros, Republic of Congo, Djibouti, Eswatini, Kiribati, 
Lesotho, Micronesia, Nigeria, PNG, Sao Tome and Principe, Timor Leste, Vanuatu, Zambia; UMICs: Belize, Botswana, Costa Rica, 
Dominica, Ecuador, Fiji, Jordan, Maldives, Mexico, Namibia, South Africa, St. Lucia, Surinam, Turkmenistan; HICs: Antigua and 
Barbuda, The Bahamas, Bahrain, Iceland, Kuwait, Nauru, New Zealand, Oman, Palau, Qatar, Saudi Arabia, St. Kitts and Nevis, 
Trinidad and Tobago, United Arab Emirates.  
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GGE-growth countries 
 
Among the 126 GGE-growth countries, for LMICs, average per capita GGE is projected to grow steadily 
over the entire period from 2021 to 2026 (figure 7). However, in LICs and UMICs, it is expected to fall in 
2022 before rising again, while in HICs it is expected to fall during both 2021 and 2022. In HICs, the drop 
is sharp, and GGE per capita is not expected to return by 2026 to the elevated levels of 2020 (though it 
always exceeds the pre-COVID-19 level of 2019). As a result of these trends in the early years, in nine of 
the 126 countries, per capita GGE is expected to drop below pre-COVID-19 levels in 2022.10 
 
Figure 7. Per capita general government expenditure (GGE), by income group, 2000-2026, 126 GGE-
growth countries. (Constant 2018 US$)  
 


 
 
Source: Data from (IMF 2021a) 


 
Across all income groups, most of the 126 GGE-growth countries are expected to see temporary falls in 
GGE per capita in either 2021, 2022, or both years, with many of them projected to experience falls in 
three or more years during the 2021-2026 period.11 In other words, despite the net positive GGE per capita 
growth over the entire five-year time horizon, most of the GGE-growth countries will experience periods 
of fiscal adjustment, particularly in the early years. 


 
10 Broken down by income class, the nine countries are as follows. LICs: Democratic Republic of Congo. LMICs: Tanzania. UMICs: 
Brazil, Jamaica, Tuvalu. HICs: Mauritius, Panama, San Marino, Uruguay. 
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An added complication in close to two-third of GGE-growth countries is that debt service requirements 
will take up an increasing share of GGE, reducing the amounts that governments will be able to spend on 
activities to improve the immediate welfare of their populations.12  
 
Non-GGE-growth countries 
 
The 52 non-GGE-growth countries are in a considerably worse position (figure 8). Across all income 
classes, the average GGE per capita is expected to decline substantially over the period 2021-2026. For 
LICs, LMICs, and UMICs, it is also estimated to have already fallen in 2020. In HICs, it is expected to have 
increased in 2020, but projected to fall annually starting in 2021 and continuing through 2026.  
 
Figure 8. Per capita general government expenditure (GGE), by income group, 2000-2026, 52 non-GGE-
growth countries. (Constant 2018 US$) 


 
 
Source: Data from (IMF 2021a). 
 


 
12 For two of 126 GGE-growth countries, debt service data are unavailable - Samoa (UMIC) and Singapore (HIC). Among the 
remaining 124 countries, 77 are predicted to see the debt-service-to-GGE ratio grow - on average from 5.8 percent in 2019 to 
8.3 percent in 2026.  


2.3_IA2030


SAGE meeting April 2022 22







23 
 


Official Use 


Nevertheless, many of these countries will see some years of growth in GGE per capita, in particular in the 
early years of the forecast period. For example, in eight out of the 52 countries, per capita government 
spending levels in 2022 are expected to exceed pre-COVID-19 levels.13  
 
In close to two-thirds of the 52 non-GGE-growth countries, debt-service requirements are expected to 
constitute an increasing share of GGE, with countries having even fewer resources to spend on strategies 
to improve the welfare of their populations.14 In ten of the 52 non GGE-growth countries, debt challenges 
may be the main constraint on government per capita spending as they are expected to experience growth 
in both GDP per capita and GGR per capita, but falls in GGE per capita.15  


 
HOW WILL THE COVID-19 CRISIS AFFECT HEALTH FINANCING?   
 
In general, the higher a country’s GDP per capita, the higher its health spending per capita. To illustrate, 
in 2018, the latest year for which country expenditure data from the WHO Global Health Expenditure 
Database are available, current per capita health spending averaged US$40 in LICs, US$124 in LMICs, 
US$439 in UMICs, and US$3,026 in HICs (WHO 2021b).16 
 
Health is typically financed from a combination of three primary sources: government (taxes and charges 
plus obligatory social health insurance [SHI] contributions), household out-of-pocket (OOP) payments, 
and, in lower-income settings, external sources (largely development assistance for health [DAH]). Other 
private sources, mainly voluntary health insurance, comprise an additional, smaller component of overall 
health spending.  
 
This section analyses the expected impact of the COVID-19 crisis on these three primary sources of health 
spending: government, household out-of-pocket, and external.  
 
Government health spending: Possible pathways  
 
Government health spending is derived from general government financing, which in some countries 
includes revenues from compulsory SHI contributions. Revenues from compulsory SHI contributions stem 
from earmarked payroll or income taxes or sometimes from obligatory premiums that individuals pay 
directly. Government financing can be mobilized at national and sub-national levels. Where countries 
benefit from external financing, part is typically also channeled through government budgets.  
 
As discussed earlier, in the 126 GGE-growth countries, general government expenditure is expected to 
rise above pre-COVID-19 levels by 2026. Most of these countries, however, will likely face years of 


 
13 Broken down by income groups, the eight countries are as follows. LMICs: Kiribati, Sao Tome and Principe, Timor Leste; 
UMICs: Jordan, Maldives; HICs: Bahamas, Iceland, New Zealand. 
14 For three of the 52 non-GGE-growth countries, debt service data are unavailable. These countries are Naura, Palau, and 
Turkmenistan (all HICs). Among the remaining 49 countries, 33 are expected to see their debt-service-to-GGE ratio grow, on 
average from 5.0 percent to 8.7 percent. This increase is not only the result of the decline in GGE per capita, but also increases 
in the debt per capita levels. 
15 For six of these ten countries, debt service as a share of GGE per capita is projected to steadily increase over the period to 
2026 and for another two, it is projected to rise sharply in 2021 and 2022, before starting to slowly fall. In the remaining two of 
the ten countries, debt service exceeded ten percent of GGE per capita even before the crisis. 
16. The System of Health Accounts 2011 separates health expenditures into “current” expenditures and “investment in health 
capital formation.” Current expenditures comprise the final consumption of health care goods and services, “including personal 
health care (curative care, rehabilitative care, long-term care, ancillary services, and medical goods) and collective services 
(prevention and public health services as well as health administration), but excluding spending on investments” (OECD 2021). 
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reductions in government spending. Many will also see the debt-servicing share of GGE per capita rise. 
But again, in these 126 jurisdictions, GGE per capita will rise overall and in many cases substantially exceed 
pre-COVID-19 levels in 2026. In contrast, the 52 non-GGE-growth countries are projected to experience 
falls in GGE per capita, with 2026 levels remaining below pre-COVID levels. On average, these countries 
are expected to face even more pronounced periods of government spending cuts and a greater rise in 
the debt-servicing share of GGE per capita. For the two country groups, the implications for government 
health expenditure (GHE) are quite different.  
 
What priority for health?  
 
In all countries, the impact of the expected changes in GGE per capita on GHE per capita will crucially 
depend on the priority given to health in government spending decisions. If, for example, health is given 
the same proportional allocation as before COVID-19, government per capita health spending will follow 
the trend in general government spending. In contrast, if governments give health higher priority in their 
spending, GHE per capita can rise, possibly even in years where GGE per capita falls. 
 
Governments invested in health at the onset of the COVID-19 crisis  
 
Historically, government per capita spending on health has in general been procyclical – that is, it has 
fallen during economic downturns and increased during upswings. This held true during the debt crises 
affecting Latin American and Caribbean countries in the 1980s and 1990s, the Asian financial crisis of 1997, 
and the global financial crisis of 2007-8 (Gottret, et al. 2009); (Hou, et al. 2013); (Maresso, et al. 2015); 
(Musgrove 1987); (Thomson, et al. 2015). 
 
However, in each of these crises, some governments have been willing and able to increase their per 
capita spending on health despite declining economic output and government revenues. Other 
governments have protected current health expenditures while allowing capital spending to decline, or 
protected expenditures on health programs that are vital for vulnerable populations and the poor 
(Gottret, et al. 2009); (Hou, et al. 2013); (Maresso, et al. 2015); (Musgrove 1987); (Thomson, et al. 2015).  
 
The current crisis differs from those previous economic downturns, most importantly because it was 
triggered by a pandemic requiring an immediate health spending response. As presented in the previous 
section, a majority of countries reacted to the crisis by raising their general government spending through 
deficit financing - although the response was more common among higher-income countries, with almost 
half of LICs and LMICs opting not to adopt this approach.  


 


While data on actual health spending in 2020 will not be available for some time,17 many countries also 
report that they took steps to increase the availability of funds for health in 2020, such as through 
supplementary budgets or access to emergency funds (Kurowski, Tandon, et al. 2020c) (WHO 2020a). 
Therefore, in the current crisis, many countries have likely adopted countercyclical health spending 
strategies in 2020. The question is what comes next, and how spending needs and capacities may differ 
for the two groups of GGE-growth and non-GGE-growth countries.  
 


 
17 WHO’s Global Health Expenditure data base is unlikely to include data on country health spending before the end of 2022. 
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Government health spending in the time of COVID-19: four scenarios   
  
Based on past patterns, and considering the specific nature of the current crisis, the evolution of 
government health spending per capita in the wake of the pandemic is projected under four scenarios:  
 
▪ Scenario 1: Procyclical health spending. In this scenario, government per capita health spending 


follows the same procyclical pattern observed in previous economic crises - it falls with a decline in 


GDP per capita and increases again with a return in economic growth. The elasticity of government 


per capita health spending to changes in GDP per capita across all countries since 1990 ranges 


between 1.2 and 1.3, depending on model specification. The projections reported here reflect the 


upper bound estimate of 1.318 


  


▪ Scenario 2: Status quo priority to health in government spending. In scenario 2, the pre-pandemic 


share of health in government spending is held constant, and per capita government spending on 


health follows the trend in general government spending.19 


  


▪ Scenario 3: Pro-health spending. This scenario assumes that the trend in per capita government 


health spending observed in the decade before COVID-19.20 This is considered an optimistic scenario 


for the majority of countries where per capita GHE had been increasing between 2009 and 2019: 


optimistic because health spending continues to increase post-COVID-19 despite the 2020 falls in GDP 


and GGR; and especially optimistic for the 52 non-GGE-growth countries.21 Higher spending levels 


under this scenario would allow the health sector to meet at least some of the continued spending 


needs associated with the pandemic in 2021 and beyond, and may also help countries progress further 


towards UHC.  


 


▪ Scenario 4: High-ambition spending. Governments increase their health spending at the pre-COVID-


19 rate, but also seek to partially compensate for lower household OOP health spending in the 


majority of countries where GDP per capita fell in 2020, and in those countries where GDP per capita 


is projected to fall from 2021. The rationale is that at least some of the lower OOPs represent a 


reduction in households’ abilities to use needed health services because of the falls in household 


incomes associated with lower GDP per capita (see the next section).22 This scenario is even more 


optimistic than the pro-health spending scenario 3 for the countries with projected medium-term falls 


in GDP per capita.  


 


The implications of these scenarios are discussed first for the 126 GGE-growth countries and then for 


the 52 non-GGE-growth countries. The separate analysis for these two groups is important, given the 


central role of general government spending capacity in shaping countries’ health-spending options.  


 
18. For details on the calculation of the elasticity of government health spending with respect to GDP per capita, see annex 1. 
19. The pre-COVID-19 share reflects the average over the period 2016-2018 (see also annex 1). 
20. The pre-COVID-19 trend reflects the average growth of GHE per capita during the years 2009-2018 (see also annex 1). 
21 For countries where the pre-COVID-19 trend was negative, the projections hold GHE per capita constant from 2019. 
22 To estimate lower household OOP health spending, OOP per capita for the years 2020 to 2026 is predicted based on IMF’s 
pre-COVID (October 2019) GDP per capita growth projections and IMF’s most recent (April 2021) GDP per capita growth 
projections. If predicted OOP per capita based on the most recent IMF data is lower than predicted OOP per capita based on 
pre-COVID IMF data, the difference is added to the projected government health expenditure (GHE) per capita in scenario 3. 
For details see annex 1.  
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Government health spending prospects in the 126 GGE-growth countries    
 
For the 126 GGE-growth countries, scenario 1 shows a fall in government health expenditure (GHE) per 
capita in 2020 for all income groups, tracking the fall in GDP per capita in all income groups (figure 9). GHE 
per capita then starts to rise with the increase in GDP per capita from 2021.  
 
Figure 9. Per capita government health expenditure (GHE), by income-group, 126 GGE-growth countries, 
2015-2026. (Constant US$ 2018)  


 
Source: Original calculations based on (IMF 2021a) and (WHO 2021b). 
 
Scenario 2 suggests a rise of GHE per capita in 2020 for all income groups, driven by the increases in GGE 
per capita as part of the pandemic response. However, what follows is a fall in either 2021, 2022, or both, 
mirroring the drops in overall per capita government spending. The falls in GHE per capita are on average 
relatively minor in LICs and LMICs compared to the higher-income countries, particularly in HICs following 
the spending hikes in 2020.  
 
Scenarios 3 and 4 show continual increases in GHE per capita. Scenario 3 and 4 GHE per capita projections 
exceed spending levels in the other scenarios for all income groups, except for HICs in the early years of 
scenario 2 (until 2023), where government spending substantially increases in response to the pandemic. 
A similar, though less strong effect is seen for the other income groups in 2020, with projected spending 
levels in scenario 2 exceeding spending levels in scenario 3, but not scenario 4. By 2026, however, per 
capita spending levels in scenarios 3 and 4 are substantially higher than in scenarios 1 and 2 in all income 
groups. The choices countries make have important implications for government health spending in 2026. 
For example, the average real GHE in LICs under scenarios 1 and 2 would be US$17 per capita, compared 
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to US$19 under scenario 3 and US$20 under scenario 4. The difference between the scenarios becomes 
greater with increasing income levels: scenario 4 results in US$14 per capita additional spending in 2026 
compared to scenario 1 in LMICs (US$70 versus US$84); in UMICs the difference is US$59 per capita 
(US$299 versus US$358); and in HICs, US$193 per capita (US$2,598 versus US$2,791).  
 
Scenario trends and the priority given to health in the 126 GGE-growth countries  
 
Despite the continual growth in GDP, GGR, and GGE per capita between 2021 and 2026, the 126 GGE 
growth countries still need to direct a substantially higher share of their government spending to health, 
above and beyond pre-COVID to achieve the progress implied in scenario 3 in 2026, levels (table 1). On 
average, countries will need to move from a pre-COVID-19 share of 11.7 percent of government spending 
flowing to health to a 13.5 percent share in 2026, an increase of close to two percentage points. The 
increase in LICs seems more feasible, especially compared to middle-income countries. The required 
increase in LICs is from 9.4 to 10.3 percent of government spending dedicated to health – a rise of less 
than one percentage point or, in relative terms, less than 10 percent. In comparison, the needed increase 
in LMICs is from 8.4 to 10.1 percent, an increase of close to 2 percentage points or, in relative terms, of 
more than 20 percent. 
 
Table 1. What share of government spending for health? achieving a pro-health spending scenario 
(Scenario 3) in 126 GGE-growth countries, 2019-2026 
 


Income group N 2019 2020 2021 2022 2023 2024 2025 2026 2026 
share 
minus 
2019 


All countries 126 11.7 11.2 11.5 12.2 12.5 12.8 13.1 13.5 1.8 


Low income 18 9.4 9.1 9.3 9.7 9.8 9.9 10.1 10.3 0.9 


Lower middle income 32 8.4 8.4 8.7 9.0 9.3 9.5 9.8 10.1 1.7 


Upper middle income 32 11.7 11.5 11.9 12.7 13.1 13.5 14.0 14.4 2.7 


High income 44 14.9 13.9 14.2 15.1 15.5 15.9 16.2 16.6 1.7 


 
Source: Author’s calculations. 


 
Government health spending prospects in the 52 non-GGE-growth countries  
 
For the 52 non-GEE-growth countries, scenario 1 implies a decline in government health spending per 
capita in 2020 for all income groups, along with the fall in GDP per capita (figure 10).23 With the predicted 
return to economic growth in 2021, government health spending per capita then starts to rise. The growth 
is slow, however, and average spending reaches 2019 levels in LICs only in 2024 and in the other income 
groups not even in 2026.  
  


 
23 The implications for GHE as a share of GDP and of GGE are shown in annex 3. 
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Figure 10. Per capita government health expenditure (GHE), by income group, 52 non-GGE-growth 
countries. (Constant 2018 US$) 


 
Source: Original calculations based on (IMF 2021a) and (WHO 2021b). 
 
Scenario 2 suggests a decrease in government health spending per capita for 2020 in UMICs, small 
increases for LICs and LMICs, and substantial increases for HICs. However, spending levels then fall, 
tracking the projected fall in GGE per capita to the end of the period. Spending levels under scenario 1 
overtake those of scenario 2 in either 2022 or 2023, depending on the income group. From 2021, GHE per 
capita levels remain on average below 2019 spending for all income groups over the entire period. 
 
Scenario 3 shows continual increases in spending, with spending levels exceeding those of scenarios 1 and 
2 in all years: the only exception is in 2020, for HICs in scenario 2. There, the fiscal stimulus given in the 
majority of countries yields greater health spending than implied by holding the pre-COVID-19 rate of 
increases in GHE per capita constant.  
 
Scenario 4 projects continual increases in the growth of government health spending per capita in excess 
of scenario 3. It provides an upper bound to the four scenarios in all country income groups.  
 
Again, the choices countries make between the scenarios change the trajectory of health spending, in this 
case even more than for the 126 GGE-growth countries. Among non-GGE-growth countries, LICs would 
post their lowest 2026 level of per capita spending under scenario 2, at US$12 per capita, while scenario 
4 results in 2026 spending levels of US$26 per capita. The absolute differences are greater with increasing 
income. In LMICs, scenario 4 results in US$32 per capita of additional spending compared to scenario 2 in 
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2026 (US$82 versus US$114); in UMICs the difference is US$156 (US$281 versus US$437); and in HICs it 
reaches US$586 per capita (US$1,294 versus US$1,880). 
 
Scenario trends and the priority given to health in the 52 non-GGE-growth countries  
 
The non-growth GGE countries will have to massively increase the share of their government spending on 
health to achieve the spending targets of scenarios 3 and 4. The necessary increases will require shares of 
government spending dedicated to health in these countries to reach historical highs by 2026 that have 
been rarely reached even by high-income countries (table 2 and annex 3). On average, non-GGE-growth 
countries will need to rise the pre-COVID-19 share of 10.5 percent of government spending flowing to 
health to 17.2 percent in 2026, an increase of close to seven percentage points. In contrast to the GGE-
growth countries, the increase among non-GGE-growth countries is highest in LICs: from 10.1 to 20.0 
percent. This is a leap of close to 10 percentage points or, in relative terms, approximately 100 percent.  
 
For the non-GGE-growth countries even to attain pre-COVID spending levels in 2026, the share of 
government spending allocated to health will have to increase on average across all income groups from 
10.5 to 12.2 percent or 1.7 percentage points. The necessary increases range from 1.5 to 1.8 percentage 
points for the individual income groups.  
 
Table 2. What share of government spending for health? achieving a pro-health spending scenario 
(Scenario 3) in 52 non-GGE-growth countries, 2019-2026 
 


Income group N 2019 2020 2021 2022 2023 2024 2025 2026 Difference 
2019 - 2026 


All countries 52 10.5 11.3 12.1 13.2 14.1 15.1 16.1 17.2 6.7 


Low income 7 10.1 11.7 12.1 14.7 15.9 17.3 18.5 20.0 9.9 


Lower middle 
income 


17 8.1 8.6 9.2 9.9 10.7 11.5 12.4 13.5 5.4 


Upper middle 
income 


14 12.5 13.7 14.4 15.4 16.4 17.6 18.6 19.7 7.2 


High income 14 11.7 11.9 13.1 14.1 15.1 15.9 16.9 18.0 6.3 


 
Source: Author’s calculations. 
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Can lower-income countries mobilize the government resources to finance necessary investment to end 
the pandemic and prevent future global health crises? 
 
Recognizing that the role out of COVID-19 vaccines is critical to end the pandemic, the global community 
has come together to set up and strengthen mechanisms to support countries in reaching vaccination 
coverage levels sufficient to disrupt virus transmission. As of July 2021, the COVID-19 Vaccines Global 
Access (COVAX) initiative offers 92 eligible low- and middle-income countries free vaccines to cover 30 
percent of their populations (WHO 2021c).24 To immediately vaccinate at least 70 percent of their people, 
governments would need to generate resources to cover the remaining 33 percent of their populations. 
To make up this share, countries are eligible to purchase vaccines from COVAX at an average cost of US$7 
per dose.25  
 
While the global roll out of COVID-19 vaccines is critical for the recovery from the current crisis, 
improvements in pandemic preparedness and response capabilities are crucial to prevent similar disasters 
in the future. Two independent panels set up in the wake of the COVID-19 catastrophe have stressed the 
common good nature of health security and called for a global financing architecture that enables all 
countries to close critical preparedness and response gaps (G20 2021); (WHO 2021d). More specific plans 
for such a global response to break the cycle of panic and neglect in financing health security are currently 
being developed including a new mechanism to help developing countries purchase more vaccines (World 
Bank 2021b).  
 
With the larger part of the financial burden to end the transmission of the coronavirus and preventing 
future health disasters falling on countries individually, it begs the question whether lower income 
countries can raise the necessary resources. The next two sections compare the ability of governments to 
mobilize resources for health in the years ahead first with the costs of a COVID-19 vaccine roll out and 
then with the costs of strengthening and maintaining preparedness and response capabilities.  
 
Vaccination 
 
The cost to LICs and LMICs of a roll-out of the currently available vaccines, including the logistical costs of 
vaccine distribution, but excluding current levels of COVAX support total US$26.9 billion.26 These costs 
correspond to 1.5 percent of the combined GGE of these countries expected for 2021, or less than 0.2 
percent of the combined GGE of the G7 countries. 
 
Low-income countries 
 
The cost to LICs is roughly US$4.3 billion. On average, these costs compare to 5.1 percent of the expected 
general government spending in 2021, 64.2 percent of projected government health spending under 
scenario 2, and 60.9 percent of projected government health spending under scenario 3.  
 
The comparison with the expected net growth in government health spending over levels in 2019 sheds 
further light on the affordability of the vaccine roll-out (table 3). In LICs under scenario 2, the expected 


 
24 COVAX is a collaboration of international partners to fund equitable access to COVID-19 tests, therapies, and vaccines in low- 
and middle-income countries (WHO 2021c). The proportion covered by COVAX is likely to grow over time as new donations are 
made. 
25 The amount any individual country will pay depends on several factors including the price that Gavi is able to negotiate with 
the manufacturers, which vaccine the country decides to procure and how much the procurement agent charges for shipping. 
26 Annex 4 presents the details of these calculations. 
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net growth in government health spending in years 2021 and 2022 is likely to generate only 28.4 percent 
of the countries’ share of the vaccine roll-out costs with only a single country generating sufficient 
incremental government health spending to meet the entire costs. The outlook is only slightly better for 
the subset of GGE-growth countries. On average, the additional health spending is projected to cover 39.5 
percent of the countries’ cost share. In contrast, non-GGE-growth countries are not projected to generate 
any incremental funds to finance the vaccine roll-out. In scenario 2, the expected net growth in 
government spending even over the entire forecast period (2021 to 2026) only constitutes a fraction of 
the costs of the vaccine roll out in LICs, reaching 62.7 percent.  
 
Under scenario 3, the outlook for LICs only improves marginally. The expected net growth in health 
spending in years 2021 and 2022 is expected to cover 44.5 percent of the countries’ share of the vaccine 
roll-out costs, and over the entire forecast period, 77.3 percent.  
 
Lower middle-income countries 
 
As a group, the cost of the vaccine roll-out to LMICs is approximately US$22.6 billion. Although a larger 
sum than in LICs, the costs will require on average a lower proportion of general government expenditure 
(1.5 percent), and the projected government health spending under scenario 2 (24.6 percent) and 
scenario 3 (22.4 percent) for 2021.  
 
However, the ability of LMICs to finance the non-COVAX financed share of the vaccine roll-out costs is 
similarly constrained as in LICs when compared to the expected net growth in government health 
spending. Under scenario 2, the incremental government funds generated for health in 2021 and 2022 
constitute on average only 42.7 percent of the countries’ share of vaccine roll-out costs with only 13 
countries raising incremental government funds that exceeds these financing needs. In the subset of GGE-
growth countries, the average share of incremental government health spending is only slightly higher, 
56.1 percent; in the non-growth-GGE countries, it reaches only 17.6 percent. Taking a longer-term 
perspective, the net growth in government spending for health over the entire forecast period of 2021 to 
2026 compares to only 62 percent of the countries’ share of the vaccine rollout costs. 
 
Like for LICs, the outlook for LMICs only improves marginally under scenario 3. The expected net growth 
in health spending in years 2021 and 2022 is expected to cover on average 65.7 percent of the countries’ 
share of the vaccine roll-out costs, and over the entire forecast period, 77.0 percent.  
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Table 3: COVID-19 vaccination roll-out costs versus government spending capacity in LICs and LMICs 
 


Country group N Costs [million 
US$ 2018] 


GHE net 
growth as a 
share of 
vaccine costs  
 
Scenario II 
2021 – 2022 


GHE net 
growth as a 
share of 
vaccine costs  
 
Scenario II 
2021 – 2026 


GHE net 
growth as a 
share of 
vaccine costs  
 
Scenario III 
2021 – 2022 


GHE net 
growth as a 
share of 
vaccine costs  
 
Scenario III 
2021 - 2026 


LIC total 25 4,260 28.4% 62.7% 44.5% 77.3% 


LIC GGE-growth 18 3,166 39.5% 87.1%   


LIC non-GGE-growth 7 1,094 0.0% 0.0%   


LMIC total 49 22,598 42.7% 63.4% 65.7% 77.0% 


LMIC GGE-growth 32 19,786 56.1% 90.8%   


LMIC non-GGE-growth 17 2,812 17.6% 11.8%   


 
Source: Author’s calculations. 
Note: For scenario 3, the table includes only aggregate figures for LICs and LMICs, as the break-down into GGE-growth and non-
GGE-growth countries is scenario 2 specific. 


 
Pandemic preparedness and response 
 
Little is known about the spending needs to strengthening and maintaining pandemic preparedness and 
response capabilities. The few available estimates vary widely, from one to two-digit dollar figures per 
capita in low and middle-income countries (World Bank. 2017) (World Bank 2019).  
 
Working with the most conservative estimates, the cost to LICs and LMICs of strengthening and 
maintaining pandemic preparedness and response capabilities total approximately US$5.3 billion per 
year.27 These costs correspond to 0.3 percent of the combined GGE of these countries expected for 2021, 
or, less than 0.03 percent of the combined GGE of the G7 countries. 
 
Low-income countries 
 
The combined cost to LICs to strengthen and maintain health security is an estimated US$ 885 million per 
year (table 4). On average, these costs compare to 1.1 percent of the projected general government 
spending in 2021. As regards to government spending on health, the costs total 13.3 percent under 
scenario 2, and 12.7 percent under scenario 3 for 2021.  
 
Independent of the scenarios for future government health spending, the prospects of LICs to raise the 
funds needed to strengthen and maintain pandemic preparedness and response capabilities are severely 
constrained. In scenario 2, the expected growth in government health spending in 2021 (relative to 2019) 
is on average 55.4 percent of the annual preparedness and response costs. Only nine LICs are expected to 
generate incremental government funding for health that is sufficient to cover these costs in full. The 
outlook is only slightly better in the sub-set of GGE-growth countries – on average 66.1 percent; in 
contrast to the non-GGE-growth LICs, where it is on average only 27 percent. These prospects for LICs as 
a whole are expected to improve only slightly over time, with the incremental government spending on 
health expected to reach 63.5 percent as a share of the preparedness and response costs in 2026. By then 


 
27 Annex 4 presents the details of these calculations. 
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though, the incremental government spending on health in non-GGE-growth countries will turn negative 
thought. 
 
In scenario 3, the outlook for LICs is only marginally better, with the net growth in government spending 
as a share of the annual preparedness and response costs on average reaching 59.1 percent in 2021 and 
78.3 percent in 2026.  
 
Lower middle-income countries 
 
The combined costs of strengthening and maintaining pandemic preparedness and response capabilities 
in LMICs is approximately US$4.4 billion per year. The costs compare to 0.3 percent of general government 
expenditure, and, in terms of government health spending, 4.8 percent under scenario 2, and 4.4 percent 
under scenario 3 in 2021.   
 
Also for LMICs, the prospects to raise the additional funds needed to strengthen and maintain pandemic 
preparedness and response capabilities are highly constrained. In scenario 2, the incremental funds 
generated for health in 2021 constitute on average 50.1 percent of the annual preparedness and response 
costs. Only 19 countries are expected to raise additional government funds that are sufficient to cover the 
entire spending needs for preparedness and response. In the GGE-growth LMICs, the average share is 
slightly higher (66.7 percent); in the non-growth-GGE LMICs, it falls short of 20 percent. In the longer term, 
the prospects for LMICs improve only slightly with incremental government funding for health expected 
to reach on average 62 percent of the annual spending needs on health security in 2026.  
 
Like for LICs, the outlook for LMICs only improves slightly under scenario 3. The expected increase in 
government spending in 2021 (over 2019) is expected to reach on average 72.8 percent of the health 
security spending needs in 2021, and 77.4 percent in 2026.  
 
Table 4: Incremental annual health security costs versus government spending capacity in LICs and LMICs 
 


Income Group N Annual costs 
[million US$ 
2018] 


GHE growth as 
a share of HS 
costs  
 
Scenario II 
2021 


GHE growth as 
a share of HS 
costs 
  
Scenario II 
2026 


GHE growth as 
a share of HS 
costs  
 
Scenario III 
2021 


GHE growth as 
a share of HS 
costs  
 
Scenario III 
2026 


LIC total 25 885 55.2% 63.5% 59.1% 78.3% 


LIC GGE growth 18 658 66.1% 88.2%   


LIC non-GGE-growth 7 227 27.0% 0.0%   


LMIC total 49 4438 50.1% 61.3% 72.8% 77.4% 


LMIC GGE-growth 32 3886 66.7% 93.9%   


LMIC non-GGE-growth 17 552 19.0% 0.0%   


 
Source: Author’s calculations. 
Note: For scenario 3, the table includes only aggregate figures for LICs and LMICs, as the break-down into GGE-growth and non-
GGE-growth countries is scenario 2 specific. 
GHE growth as a share of health security (HS) costs  
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Troublesome choices 
 
Lower-income countries will lack the spending capacity to make the critical investment to halt the 
transmission of the coronavirus and prevent similar, future crisis. The incremental funds available for 
health (relative to 2019 levels) in LICs and LMICs under the different GHE per capita scenarios will cover 
only a fraction of the countries’ share of the vaccine roll out costs, even though the country share is likely 
to fall over time as new donations are made to COVAX. If the same incrementally available funds are 
exclusively deployed to improve preparedness and response, the situation is not much better. Combined, 
the costs of a vaccine roll out and investment in preparedness and response exceed the projected net 
growth in government health spending in all low- and lower middle-income countries. 
 
This grim outlook holds true even for government health spending scenario 3, which, on average, assumes 
substantial increases in the prioritization of health in government spending. In non-GGE-growth countries, 
however, the necessary increases in the share of government expenditures on health to attain scenario 3 
spending targets are immense and without any precedent.  
 
Without a major ramp up of global funding for health, these prospects are likely to have two immediate 
consequences in lower-income countries: First, a sluggish scale up of vaccination coverage. And second, 
minimal, if any improvements in preparedness and response capacities.  
 
Left without additional support, lower-income countries will face pressures to reduce their spending on 
other health areas and thus free up resources to finance the most urgent pandemic response activities. 
This option, however, is neither feasible nor desirable. To meet the spending needs for the vaccine roll-
out and investments in preparedness and response capacities, governments of LICs would have to 
repurpose more than 50 percent of their current spending on health and, in LMICs, more than 20 percent.  
From a public finance perspective, such massive shifts in budgets are in the short and medium-term 
unfeasible. Moreover, they would have dramatic consequences for progress toward UHC, in countries 
where government health spending growth was insufficient to attain the health Sustainable Development 
Goals and targets even pre-COVID 19 (World Bank 2019; Gaspar et al. 2019).  
 
Household out-of-pocket spending: Less is more? 
 
Some countries relied heavily on household OOPs as a source of financing for health before the pandemic. 
In 2018, the share of OOPs in country health expenditure averaged 42.3 percent in LICs and 38.7 percent 
in LMICs (WHO 2021b).  
 
As GDP per capita drops, household capacity to pay health expenses out-of-pocket typically falls. This then 
leads to a decline in utilization of health services that require payment, and sometimes to an increased 
use of free or subsidized services, if they are available. In the current crisis, this effect is aggravated by 
fear- and lockdown-related declines in health service utilization documented across many countries (WHO 
2020b), (WHO 2020c). On the other hand, possible declines in government health spending may reduce 
the availability and quality of government services, spurring an increased need to use private health 
services – in which case OOPs might rise. Data on OOPs in health for 2020 will not be available for some 
time, and their collection may be further delayed because of the difficulty in conducting large household 
expenditure surveys during COVID-19.28  
 


 
28 As of 4 September 2021, WHO’s Global Health Expenditure Database shows data up to 2018. 
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The projections of OOPs presented here are based on the historical elasticity of OOPs per capita to 


changes in GDP per capita across countries, estimated at 0.9.29 This suggests that a 1 percent fall in GDP 


per capita would result in a decline in OOPs per capita of slightly less than 1 percent (0.9 percent), 


consistent with a recent study of the determinants of OOPs (Xu, Saksena and Holly 2011). This pattern is 


also consistent with findings from previous recessions suggesting that OOPs falls with declining GDP 


(Gottret, et al. 2009); (Musgrove 1987); (Xu, Saksena and Holly 2011). 


Using this relationship, OOP spending per capita is expected to fall when GDP per capita falls – so in most 


countries it would have fallen in 2020 and would then increase in subsequent years (figure 11). Under 


these conditions, OOP spending per capita would reach pre-COVID-19 levels in LICs and LMICs in 2022. 


However, in UMICs and HICs, it will match earlier levels only in 2023.  


 
Figure 11. Projected impact of the recession on household out-of-pocket (OOP) health payments to 2026 


 


Source: Author’s calculations based on (IMF 2021a) and (WHO 2021b). 
 
Earlier, it was shown that the IMF projects that 40 countries will not see economic recoveries in 2021, but 
that their respective levels of GDP per capita will decline over the period 2021-2026. For these countries, 
the model would project that OOPs per capita would continue to fall.  
 


 
29 Methodological details are provided in annex 1.  
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Usually, a decline in OOPs per capita would be seen as a positive sign, indicating increased financial 
protection in health (Saksena, Hsu and Evans 2014). In this case, it is more likely to represent a fall in 
households’ ability to afford needed health services. Governments might choose to compensate for at 
least part of the reduced consumption by increasing their health spending, as described in scenario 4, but 
this will be difficult in the 52 countries where GGE per capita is projected to fall over the period 2019 to 
2026.  
 
Another complication is that 22 of the 52 non-GGE-growth countries are expected to see rises in GDP per 
capita over the period, but falls in GGE per capita, linked largely either to falls in GGR or to high or 
increasing debt-servicing requirements. In these countries, households will have the capacity to increase 
their OOP spending on health, but governments may well be reducing their health spending from prepaid 
and pooled sources. The danger is that levels of financial protection will fall in these countries.  
 
External financing for health: a lifeline under threat 
 
Many countries, mostly LICs and LMICs, relied heavily on external financing for health before the 
pandemic. Countries obtained that financing from bilateral or multilateral partners and foundations. In 
2018, the last year for which country health expenditures derived from external sources are available, 
external financing accounted for over a quarter of current health spending in 25 countries, and over half 
of current health spending in five countries (WHO 2021b).  
 
In many LICs and LMICs, growth in government health spending was insufficient to meet the health-
related Sustainable Development Goals (SDG) goals and targets even prior to COVID-19 (World Bank 
2019), (Gaspar, et al. 2019). Any reduction in external funding as a result of the impact of the pandemic 
in HICs would make it substantially harder for these countries to meet spending needs related to the 
pandemic and then progress towards UHC and the SDGs. On the other hand, increases in external funding 
could help offset the projected falls in general government expenditures from in lower-income countries 
in the years ahead.  
 
The needs are particularly acute in the LICs and LMICs which are likely unable to meet the countries’ share 
in the COVID-19 vaccine roll out and the investment needs to strengthen and maintain preparedness and 
response capabilities. The global recovery, let alone progress towards UHC and the health SDGs, is at risk 
without a rethinking of DAH to reflect these countries’ needs. 
 
The 2008-09 financial crisis did not immediately result in a decline in external assistance for health. In 
LMICs, per capita levels of external financing started to fall in 2014 and continued to drop until 2018, the 
last date for which data are available.30 In LICs, the corresponding levels fell in 2012, then rose consistently 
through 2017, before falling again in 2018.   
 
Certainly, the needs of lower-income countries are greater now than in 2008-09, not just because of the 
pandemic, but also because most of these countries fell into recession in 2020, while the earlier financial 
crises spared the poorest countries. HICs, the major source of bilateral aid, also have an interest in 


 
30 This paragraph refers to LICs’ and LMICs’ 2018 spending of external funding – for example, DAH – as reported in WHO’s 
Global Health Expenditure Database for the countries included in the present analysis. The total amounts that donor countries 
and organizations report to the OECD Development Assistance Committee (whether commitments, disbursements, or country 
programmable aid), along with the estimates from the Institute for Health Metrics and Evaluation (IHME), are higher. This is 
because the OECD and IHME figures include funds classified by donors as development assistance, but which are spent in the 
donor countries themselves, rather than recipient countries. 
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ensuring that COVID-19 is controlled not only within their own borders but also outside, which might lead 
to increases in their health-aid flows.  
 
On the other hand, the current economic shock is affecting high-income countries more than other 
countries, with a much deeper recession than in 2008-09. Government borrowing in HICs has also risen 
substantially, leading to very high ratios of public debt to GDP. Earlier, it was shown that GGE per capita 
in HICs is projected to fall each year until 2024, only starting to rise again in 2025. This might result in 
wealthy countries’ reducing their development assistance budgets: something that has already happened 
in the case of at least one major bi-lateral donor (Worley 2020).  
 
It is also possible that HICs might reallocate a portion of the funds that were previously used for external 
assistance at country level towards investments whose payoffs for wealthy countries’ own citizens may 
be easier to grasp, such as the creation of vaccines and effective COVID-19 therapies. While investment 
by HIC governments has been critical for the rapid development of a number of COVID-19 vaccines, 
shifting resources away from country support to fund such efforts could mean lower health expenditures 
in the poor countries that still rely on external financing.  
 
The future direction of external funding remains unclear 
 
It is hard to predict the trajectory of external funding. Current IMF projections, however, suggest that 
overall external funding in the form of grants to LIC and LMIC governments may have risen in 2020, but 
will then fall consistently, in per capita terms, each year to 2026. Similar patterns are projected for the 
individual countries in each income group.31 Unless donor and recipient governments choose to allocate 
a higher proportion of on-budget external grant funding to health, external financing for health would 
also fall from 2021 onwards. 
 
  


 
31 These calculations do not include development assistance that is not channeled through government budgets, which can be 
quite significant in some countries. 
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CONCLUSION: WIDENING HEALTH FINANCING RIFTS MEAN GROWING RISKS—
FOR ALL COUNTRIES 


 
This publication has updated and extended the analysis presented in the original March 2021 discussion 
paper “From Double Shock to Double Recovery – Implications and Options for Health Financing in the 
Time of COVID-19” (C. Kurowski, D. B. Evans, et al. 2021). The new results presented here show that, with 
COVID-19, rifts in the capacity of countries to finance health are widening. As they expand, these fractures 
threaten health and economic recovery for individual countries and the world as a whole. If many lower-
income countries cannot afford the investment to control COVID-19, a global double recovery cannot 
succeed.  
 
Today and in the months ahead, the world is likely to witness the fastest economic growth in the 
aftermath of any recession in the last 80 years. This swift turnaround in growth numbers, however, cannot 
hide the fact that a sustained global recovery from COVID-19 poses complex challenges that have yet to 
be resolved.  
 
Important as they are, growth statistics tell only part of the recovery story. Governments’ capacity to 
ensure strategic investment, notably in health, is vital for a successful rebound from COVID-19. Looking 
beyond growth data, the IMF’s latest macro-fiscal projections show a contrasted picture regarding 
countries’ capacity to maintain and build out crucial public investments in the period 2021 – 2026. During 
this time span, 126 countries are expected to increase their per capita government spending above pre-
COVID levels. But in 52 countries, per capita government spending is projected to remain below the 2019 
benchmark.  
 
This distinction between GGE-growth and non-GGE-growth countries has salience for policy choices. Also 
important are forms of diversity within each of the groups. For example, both groups include both rich 
and poor countries. In addition—and crucially—in both groups, countries show diversity in the outlook 
across a wider range of fiscal parameters. Among both GGE-growth and non-GGE-growth countries, 
prospects vary substantially for the length and depth of periods during which governments are expected 
to cut their spending. Growing debt service requirements will also differentially constrain countries’ ability 
to invest in the welfare of their populations. 
 
Unaddressed, these disparities in fiscal outlook will leave countries even more divided in their ability to 
finance recovery from the COVID-19 health shock. When all these variables are considered, a stark rift 
between countries comes into focus. At one extreme are some higher-income countries in the GGE-
growth group—countries whose already-strong health financing capacities are poised to grow further in 
the years ahead. At the other extreme are some lower-income countries in the non-GGE-growth group—
countries whose health spending is historically weak and likely to lose further ground. 
 
For most countries at the lower end of this spectrum, a return to past growth trends in per capita 
government spending on health is a herculean if not impossible task. For these countries to renew pre-
pandemic trends, the share of per capita government spending they assign to health will have to reach 
historical highs, achieving levels rarely attained even in high-income settings. 
 
Moreover, this exceptional commitment would still not be enough for these countries to reach their 
double-recovery goals. In the case of a return to past spending trends, growth in health spending in many 
of these countries will still be insufficient to deliver the investment necessary to end the current pandemic 
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and prevent future ones. Analysis of spending needs and available resources for COVID-19 vaccines brings 
this tension into focus. Today, many lower-income countries face delays or outright failure in mobilizing 
sufficient funds for a timely, effective rollout of COVID-19 vaccines. Without those resources, countries 
will be unable to halt the transmission of the coronavirus and the emergence and propagation of new 
variants. Countries’ capacity to invest in strengthening preparedness and response for future pandemics 
will likewise continue to fall short. The countries where these shortfalls initially manifest will not be the 
only ones to suffer. By undermining the health recovery in vulnerable countries, along with these nations’ 
future capacity to maintain health security, the fracture between vaccine “haves” and “have-nots” 
threatens the global economic recovery from COVID-19 as a whole.  
 
Emerging rifts in health financing capacities are likely to be even more far-reaching in their destructive 
effects. This is because they may force cash-strapped countries into toxic either/or choices in health 
investment. Funding emergency response and preparedness priorities at the cost of other essential 
health services would also pose grave risks for a full, sustained double recovery. The Global Financing 
Facility (GFF), which supports the continuity of essential health services as part of COVID-19 response 
efforts, has been sounding the alarm of the secondary health crisis for vulnerable populations.  Already 
the initial COVID-19 health shock weakened coverage of non-pandemic health services in many settings, 
as health-system resources were emergently redirected to the pandemic response. In these countries, 
growth in government spending on health was often even prior to COVID-19 insufficient to meet the 
health SDGs goals and targets. Yet, progress toward UHC is critical for human capital development and a 
full return to inclusive growth. 
 
The original “From Double Shock to Double Recovery” paper laid out the choices that countries have in 
managing their government funds to meet spending needs for health and economic recovery. The latest 
data indicate, however, that in many lower-income jurisdictions, choices are increasingly constrained, and 
the financing of a full health recovery from countries’ own resources increasingly out of reach. Meanwhile, 
no signs have yet emerged of wealthier countries moving resolutely to break the stagnation in 
development assistance for health seen in the past decade. 
 
Rifts in health financing capacity between countries were large before the pandemic—and they are 
widening further in its wake, creating a fault line that threatens the stability of the whole. No more than 
in the case of a geologic fault will the impacts of fresh upheavals be restricted to one side of the health 
financing divide. As individual countries suffer setbacks, the shock waves propagate, threatening to 
reverse hard-won gains elsewhere.  
 
The good news is that, in contrast to geologic shifts, human action can narrow the health financing rift 
and prevent much of the destruction it could unleash. Coordinated action that benefits countries facing 
weak government spendingE growth in the years ahead will have positive effects that reach far beyond 
those countries’ borders. The World Bank Group, IMF, WHO, and WTO Multilateral Leaders Task Force 
has called for urgent international support to step up measures. Only together, countries can bridge the 
health financing rifts to build a healthier, more secure, more prosperous future for all.  
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ANNEX 1. DATA AND METHODS: PROJECTING GOVERNMENT HEALTH SPENDING 
EXPENDITURE (GHE) PER CAPITA 


 
This annex provides details about data and methods underpinning the different scenarios for per capita 
government health spending from 2020 to 2026. The scenarios rely on macro fiscal data from the IMF’s 
most recent World Economic Outlook (IMF 2021a) and on health spending data from WHO’s Global Health 
Expenditure Database (WHO 2021b). As WHO data are only available until the year 2018, GHE per capita 
in 2019 is inferred by assuming that a country’s GHE/GGE ratio in 2019 equals its 2016-2018 average. 
 
Scenario 1 
To forecast GHE per capita during the years 2020-2026 this scenario uses the most recent IMF projections 
(IMF 2021b) and linear regression to quantify past co-movements between GHE per capita and GDP per 
capita. A double log functional form of the regression is suggested by the following identity:  
 


𝐺𝐻𝐸 𝑝𝑒𝑟 𝑐𝑎𝑝𝑖𝑡𝑎 =  
𝐺𝐻𝐸


𝐺𝐺𝐸
∙


𝐺𝐺𝐸


𝐺𝐷𝑃
∙ 𝐺𝐷𝑃 𝑝𝑒𝑟 𝑐𝑎𝑝𝑖𝑡𝑎 


 
A binary indicator of GDP per capita contraction and its interaction term were also included to allow for 
the possibility of an asymmetric relationship in times of GDP per capita decline. Parameters were 
estimated using a panel fixed effects regression model. The estimated income elasticity of per capita 
public spending on health produces GHE per capita forecasts for the years 2020-2026 when combined 
with current GHE per capita levels and IMF forecasts of GDP per capita. 
 
Data were available for 184 countries between 2000 to 2026 table A 1 shows the regression results from 
three different regression specifications. The first column shows results from the simple regression of GHE 
per capita on GDP per capita. Globally, public health expenditure has been procyclical with an estimated 
income elasticity of per capita public spending on health of 1.3: implying that each percentage change in 
GDP per capita is, on average, associated with a change in public health expenditures per capita of about 
1.3 percent. The second column includes the contraction indicator and its interaction with GDP per capita. 
The results show that the elasticity is slightly higher in periods of GDP per capita decline. 
 
The third column shows the results when the share of GGE and its interaction with GDP per capita 
contraction are included in the regression. It shows that significant variation in GHE per capita is captured 
by variation in GGE per capita. Most of the effect of GDP on public health expenditures is mediated 
through the positive relationship between overall general government expenditures and GDP. The 
elasticity of public health expenditure with government expenditures is close to 0.7, indicating that on 
average public health expenditures move in the same direction as the general government budget (though 
less than proportionally), changes in GDP per capita remain positively associated with GHE per capita. This 
effect may capture the extent to which richer countries are better able to increase the degree to which 
health is prioritized in the government budget compared to poorer countries (Tandon, et al. 2018).32 This 


 
32 Changes in public health expenditure per capita can be decomposed into (i) changes in the share of health expenditure over 
government budget, (ii) changes the share of government budget over GDP, and (iii) changes in GDP per capita.  
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regression specification is not used further because it leads to GHE per capita forecasts that are very 
similar to the more intuitive scenario 2.  
 
Table A1. 1. Panel fixed effects regression results for estimating income elasticity of government 
spending for health 


 
Scenario 2 
This scenario forecasts GHE per capita based on the assumption that governments protect the share of 
health in general government spending. The protected share is based on the most recent WHO GHED data 
and is calculated as the average share of the years 2016-2018. Multiplication of this share with IMF’s 
projected government share of income and GDP per capita produces the GHE forecasts. 
 
Scenario 3 
In this scenario governments are either able to maintain positive trends in GHE per capita growth or stop 
negative trends. Trends in GHE per capita are defined as the average annual growth rate during the years 
2009-2018. Out of the 178 countries 23 showed a negative growth trend. For example, South Sudan, 
Greece, or Jordan saw shrinking GHE per capita during this time period. To forecast health spending in 
this scenario it is assumed that positive trend growth continues after the year 2019 or – in case of a 
negative growth trend – that 2019 levels of GHE per capita remain constant. IMF projections play no role 
in this scenario. 
 
Scenario 4 
Here governments maintain positive GHE per capita growth trends and, if necessary, also compensate for 
a fall in OOP per capita spending that is the result of the COVID pandemic. As OOP per capita values are 
not available for the years 2019-2026 it is necessary to predict them. Similar to scenario 1 panel fixed 
effects regression is combined with IMF’s GDP per capita growth projections to forecast OOP per capita 
during the years 2019-2026. If predicted OOP per capita based on IMF’s pre-COVID (October 2019) GDP 
per capita growth projections is higher than predicted OOP per capita based on IMF’s current (April 2021) 


Dependent variable: Per capita government spending on health (1) (2) (3) 


    


    


Log of per capita GDP 1.30*** 1.30*** 1.17*** 


 (0.02) (0.02) (0.02) 


Interaction of log of per capita GDP and contraction  0.03*** 0.00 


  (0.01) (0.01) 


Log of government spending share of GDP   0.73*** 


   (0.02) 


Interaction of log of government spending share of GDP and contraction   0.05** 


   (0.02) 


Contraction indicator  -0.21*** -0.13* 


  (0.06) (0.07) 


    


Observations 3,405 3,405 3,382 
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GDP per capita growth projections, the difference is equated to the COVID-related fall in OOP per capita 
and added to the GHE per capita projections from scenario 3. 
 
As before, the contraction indicator and its interaction term were included in the regression specification 
to accommodate an asymmetric relationship in times of GDP per capita decline. Parameters are estimated 
using a panel fixed effects regression model. Table A 2 presents the regression results. The income 
elasticity of OOP with respect to GDP is estimated at about 0.9 (column 1). Inclusion of the contraction 
indicator leaves the coefficient essentially unchanged (column 2). When combined with OOP per capita 
levels in 2019 and the two different IMF forecasts of GDP per capita growth from October 2019 and April 
2021, the estimated income elasticity of OOP per capita spending produces two different OOP per capita 
forecasts for the years 2020-2026. GHE per capita projections in this scenario amount to the sum of 
projected GHE per capita in scenario 3 and the difference – if positive – between the October 2019 and 
April 2021 OOP per capita projections. 
 
Table A1. 2. Panel fixed effects regression results for estimating income elasticity of OOP spending for 
health 


Log of OOP per capita (1) (2) 


    


   


Log of per capita GDP 0.87*** 0.88*** 


 (0.02) (0.02) 


Interaction of log of per capita GDP and contraction  -0.01 


  (0.01) 


Contraction indicator  0.12** 


  (0.06) 


   


Observations 3,402 3,402 
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ANNEX 2. IMPLICATIONS OF THE PROJECTED CHANGES IN PER CAPITA GENERAL 
GOVERNMENT REVENUE (GGR) AND EXPENDITURE (GGE) FOR GGR/GDP AND 


GGE/GDP 
 


GGR. Figure 4 in the main text shows that GGR per capita is expected to fall substantially in 2020 in all 
country income groups, before starting to rise with the return to economic growth in 2021. Table A2 1 
shows that GGR is expected to have fallen more than GDP in 2020, leading to a fall in GGR/GDP in all 
income groups. The ratio will then start to rise again, exceeding the pre-COVID-19 ratio in 2021 in LICs, 
but not reaching the pre-pandemic ratio even by 2025 in the other country income groups.  
 
Table A2. 1. Projected shares of government revenue in GDP by country income group, 2019-2026 


Country groups N 2019 2020 2021 2022 2023 2024 2025 2026 


All countries 178 30.6 29.9 30.0 29.8 29.9 29.8 29.7 29.5 


Low income 25 20.2 19.7 20.4 20.6 20.8 20.9 21.0 20.9 


Lower middle income 49 26.7 25.8 25.2 25.2 25.2 25.2 25.2 25.1 


Upper middle income 46 30.2 29.1 30.0 29.4 29.5 29.3 29.1 28.8 


High income 58 38.9 38.3 38.3 38.0 38.0 37.8 37.7 37.5 


 
Source: IMF, World Economic Outlook, October 2020 


 
GGE. On average, GGE per capita is projected to be substantially higher in 2020 than in 2019 despite falls 
in GGR (figure 6 in the main text). In 2021, GGE per capita is projected to slightly increase on average in 
LICs, LMICs, and UMICs before falling in 2022, and then steadily increasing from 2023 onwards. For HICs, 
falls are expected annually from 2021-2023 before GGE per capita starts to rise. 
 
The implications for GGE/GDP are shown in Table A2 2. GDP is expected to start rising again in all income 
groups in 2021. The fall or slight increase in per capita GGE combined with the rise of GDP means that 
GGE/GDP falls in 2021 and 2022. Subsequently, even though GGE begins to rise again, it is projected to 
rise more slowly than GDP, meaning that after 2020, GGE/GDP would continually fall in all income groups.  
 
Table A2. 2. Projected shares of government expenditure in GDP by country income group, 2019-2026 
 


Country groups N 2019 2020 2021 2022 2023 2024 2025 2026 


All countries 178 32.7 36.4 35.7 33.9 33.2 32.6 32.2 31.9 


Low income 25 22.9 24.6 24.5 23.2 22.8 22.5 22.4 22.2 


Lower middle income 49 29.7 31.8 31.5 30.9 30.2 29.5 29.2 28.9 


Upper middle income 46 32.6 35.8 35.7 33.6 32.8 32.2 31.7 31.5 


High income 58 39.5 45.9 44.1 41.5 40.5 39.9 39.4 38.9 


 
Source: IMF, World Economic Outlook, October 2020 
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Table A2. 3. Projected shares of government expenditure in GDP by country income group, 2019-2026, 
126 GGE-Growth Countries 
 


Country groups N 2019 2020 2021 2022 2023 2024 2025 2026 


All countries 126 31.1 35.4 34.9 33.2 32.7 32.3 32.0 31.8 


Low income 18 20.2 22.8 22.6 21.8 21.6 21.6 21.5 21.4 


Lower middle income 32 25.1 27.6 27.3 26.7 26.3 26.2 26.1 25.9 


Upper middle income 32 32.9 36.4 36.8 34.5 34.0 33.5 33.1 32.9 


High income 44 38.6 45.4 44.1 41.5 40.8 40.2 39.8 39.5 
 
Source: IMF, World Economic Outlook, October 2020 


 
Table A2. 4. Projected shares of government expenditure in GDP by country income group, 2019-2026, 52 
Non-GGE-Growth Countries 
 


Country groups N 2019 2020 2021 2022 2023 2024 2025 2026 


All countries 52 36.5 39.0 37.8 35.9 34.5 33.3 32.7 32.1 


Low income 7 29.9 29.2 29.5 26.8 25.9 25.0 24.8 24.3 


Lower middle income 17 38.3 39.7 39.6 38.9 37.4 35.8 35.1 34.5 


Upper middle income 14 31.9 34.6 33.2 31.4 30.2 29.1 28.6 28.1 


High income 14 42.3 47.5 44.3 41.2 39.6 38.7 38.0 37.1 
 
Source: IMF, World Economic Outlook, October 2020 
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ANNEX 3. IMPLICATIONS OF THE GOVERNMENT HEALTH SPENDING SCENARIOS  
 
Part 1 - 126 GGE-Growth Countries: Implications of the scenarios of the possible changes in per capita 
government health spending (GHE) for the share of government health expenditure in GDP 
 
 
Scenario 1 


Country groups N 2019 2020 2021 2022 2023 2024 2025 2026 


All countries 126 3.8 3.7 3.7 3.8 3.8 3.8 3.9 3.9 


Low income 18 1.9 1.9 1.9 1.9 2.0 2.0 2.0 2.0 


Lower middle income 32 2.2 2.1 2.1 2.2 2.2 2.2 2.2 2.2 


Upper middle income 32 3.9 3.8 3.8 3.9 3.9 3.9 4.0 4.0 


High income 44 5.7 5.5 5.6 5.7 5.7 5.7 5.8 5.8 


 
Scenario 2 


Country groups N 2019 2020 2021 2022 2023 2024 2025 2026 


All countries 126 3.8 4.3 4.3 4.0 4.0 3.9 3.9 3.9 


Low income 18 1.9 2.2 2.2 2.1 2.1 2.1 2.0 2.0 


Lower middle income 32 2.2 2.4 2.4 2.3 2.3 2.3 2.3 2.3 


Upper middle income 32 3.9 4.2 4.3 4.0 4.0 4.0 3.9 3.9 


High income 44 5.7 6.7 6.5 6.1 6.0 5.9 5.8 5.8 


 
Scenario 3 


Country groups N 2019 2020 2021 2022 2023 2024 2025 2026 


All countries 126 3.8 4.1 4.2 4.2 4.2 4.3 4.3 4.4 


Low income 18 1.9 2.1 2.1 2.1 2.1 2.2 2.2 2.2 


Lower middle income 32 2.2 2.4 2.4 2.5 2.5 2.5 2.6 2.7 


Upper middle income 32 3.9 4.2 4.3 4.4 4.5 4.5 4.6 4.8 


High income 44 5.7 6.2 6.1 6.1 6.1 6.2 6.2 6.3 


 
Scenario 4 


Country groups N 2019 2020 2021 2022 2023 2024 2025 2026 


All countries 126 3.8 4.3 4.3 4.3 4.3 4.4 4.4 4.5 


Low income 18 1.9 2.1 2.2 2.2 2.3 2.3 2.3 2.4 


Lower middle income 32 2.2 2.5 2.6 2.6 2.7 2.7 2.8 2.8 


Upper middle income 32 3.9 4.4 4.5 4.5 4.6 4.7 4.8 4.9 


High income 44 5.7 6.3 6.2 6.2 6.2 6.2 6.3 6.4 
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Part 1 – 52 Non-GGE-Growth Countries: Implications of the scenarios of the possible changes in per 
capita government health spending (GHE) for the share of government health expenditure in GDP 
 
 
Scenario 1 


Country groups N 2019 2020 2021 2022 2023 2024 2025 2026 


All countries 52 3.9 3.8 3.8 3.8 3.8 3.9 3.9 3.9 


Low income 7 2.8 2.7 2.7 2.7 2.8 2.8 2.8 2.8 


Lower middle income 17 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 


Upper middle income 14 3.9 3.7 3.8 3.8 3.8 3.8 3.8 3.9 


High income 14 5.1 4.9 4.9 5.0 5.0 5.0 5.0 5.0 


 
Scenario 2 


Country groups N 2019 2020 2021 2022 2023 2024 2025 2026 


All countries 52 3.9 4.3 4.1 3.9 3.7 3.6 3.5 3.4 


Low income 7 2.8 2.9 2.9 2.5 2.4 2.4 2.3 2.3 


Lower middle income 17 3.4 3.6 3.5 3.4 3.3 3.2 3.1 3.1 


Upper middle income 14 3.9 4.3 4.1 3.9 3.8 3.6 3.5 3.5 


High income 14 5.1 5.7 5.4 5.0 4.8 4.7 4.6 4.5 


 
Scenario 3 


Country groups N 2019 2020 2021 2022 2023 2024 2025 2026 


All countries 52 3.9 4.5 4.6 4.7 4.9 5.0 5.2 5.5 


Low income 7 2.8 3.1 3.4 3.6 3.8 4.0 4.2 4.5 


Lower middle income 17 3.4 3.7 3.9 4.0 4.1 4.2 4.3 4.5 


Upper middle income 14 3.9 4.7 4.8 4.8 4.9 5.1 5.3 5.5 


High income 14 5.1 5.7 6.0 6.1 6.3 6.5 6.8 7.1 


 
Scenario 4 


Country groups N 2019 2020 2021 2022 2023 2024 2025 2026 


All countries 52 3.9 4.6 4.8 4.9 5.0 5.2 5.4 5.6 


Low income 7 2.8 3.3 3.6 3.8 4.1 4.3 4.5 4.8 


Lower middle income 17 3.4 3.8 4.0 4.0 4.1 4.3 4.4 4.6 


Upper middle income 14 3.9 4.9 5.0 5.0 5.1 5.3 5.5 5.7 


High income 14 5.1 5.9 6.2 6.2 6.4 6.6 6.9 7.2 
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Part 2 - 126 GGE-Growth Countries: Implications of the scenarios for GHE as a share of GGE over time  
 
 
Scenario 1 


Country groups N 2019 2020 2021 2022 2023 2024 2025 2026 


All countries 126 11.7 10.1 10.3 10.9 11.2 11.4 11.5 11.7 


Low income 18 9.4 8.5 8.5 8.8 8.9 9.0 9.1 9.3 


Lower middle income 32 8.4 7.5 7.6 7.9 8.0 8.1 8.2 8.4 


Upper middle income 32 11.7 10.3 10.5 11.1 11.4 11.6 11.7 11.9 


High income 44 14.9 12.3 12.9 13.9 14.3 14.5 14.7 14.9 


 
Scenario 2 


income N 2019 2020 2021 2022 2023 2024 2025 2026 


All countries 126 11.7 11.7 11.7 11.7 11.7 11.7 11.7 11.7 


Low income 18 9.4 9.4 9.4 9.4 9.4 9.4 9.4 9.4 


Lower middle income 32 8.4 8.4 8.4 8.4 8.4 8.4 8.4 8.4 


Upper middle income 32 11.7 11.7 11.7 11.7 11.7 11.7 11.7 11.7 


High income 44 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 


 
Scenario 3 


Country groups N 2019 2020 2021 2022 2023 2024 2025 2026 


All countries 126 11.7 11.2 11.5 12.2 12.5 12.8 13.1 13.5 


Low income 18 9.4 9.1 9.3 9.7 9.8 9.9 10.1 10.3 


Lower middle income 32 8.4 8.4 8.7 9.0 9.3 9.5 9.8 10.1 


Upper middle income 32 11.7 11.5 11.9 12.7 13.1 13.5 14.0 14.4 


High income 44 14.9 13.9 14.2 15.1 15.5 15.9 16.2 16.6 


 
Scenario 4 


income N 2019 2020 2021 2022 2023 2024 2025 2026 


All countries 126 11.7 11.6 12.0 12.6 13.0 13.3 13.6 13.9 


Low income 18 9.4 9.6 9.9 10.3 10.4 10.6 10.7 10.9 


Lower middle income 32 8.4 8.9 9.3 9.7 9.9 10.2 10.5 10.8 


Upper middle income 32 11.7 12.0 12.5 13.3 13.6 14.0 14.5 14.9 


High income 44 14.9 14.2 14.4 15.3 15.7 16.1 16.4 16.8 
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Part 2 – 52 Non-GGE-Growth Countries: Implications of the scenarios for GHE as a share of GGE over 
time  
 
 
Scenario 1 


Country groups N 2019 2020 2021 2022 2023 2024 2025 2026 


All countries 52 10.5 9.5 9.8 10.6 11.1 11.5 11.8 12.0 


Low income 7 10.1 10.2 9.8 11.2 11.6 12.1 12.5 12.7 


Lower middle income 17 8.1 7.6 7.8 8.3 8.6 8.9 9.1 9.4 


Upper middle income 14 12.5 11.1 11.6 12.3 12.9 13.4 13.8 14.2 


High income 14 11.7 10.0 10.5 11.3 12.0 12.3 12.5 12.8 


 
Scenario 2 


Country groups N 2019 2020 2021 2022 2023 2024 2025 2026 


All countries 52 10.5 10.5 10.5 10.5 10.5 10.5 10.5 10.5 


Low income 7 10.1 10.1 10.1 10.1 10.1 10.1 10.1 10.1 


Lower middle income 17 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 


Upper middle income 14 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5 


High income 14 11.7 11.7 11.7 11.7 11.7 11.7 11.7 11.7 


 
Scenario 3 


Country groups N 2019 2020 2021 2022 2023 2024 2025 2026 


All countries 52 10.5 11.3 12.1 13.2 14.1 15.1 16.1 17.2 


Low income 7 10.1 11.7 12.1 14.7 15.9 17.3 18.5 20.0 


Lower middle income 17 8.1 8.6 9.2 9.9 10.7 11.5 12.4 13.5 


Upper middle income 14 12.5 13.7 14.4 15.4 16.4 17.6 18.6 19.7 


High income 14 11.7 11.9 13.1 14.1 15.1 15.9 16.9 18.0 


 
Scenario 4 


Country groups N 2019 2020 2021 2022 2023 2024 2025 2026 


All countries 52 10.5 11.8 12.6 13.7 14.7 15.7 16.7 17.8 


Low income 7 10.1 12.4 12.9 15.6 16.9 18.3 19.6 21.1 


Lower middle income 17 8.1 8.9 9.5 10.3 11.0 11.9 12.8 13.9 


Upper middle income 14 12.5 14.4 15.2 16.2 17.2 18.4 19.5 20.6 


High income 14 11.7 12.3 13.7 14.4 15.4 16.2 17.2 18.3 
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ANNEX 4. VACCINATION ROLL-OUT COSTS AND HEALTH SECURITY COSTS 
 
This annex explains the assumptions that underlie the calculation of the costs of the COVID-19 vaccination 
roll-out and the costs of strengthening and maintaining preparedness and response capabilities (health 
security). 
 
To calculate the financial resources that countries require to finance the roll-out of COVID-19 vaccines, 
the first step is to distinguish between the countries that are eligible to participate in the COVID-19 
Vaccines Global Access (COVAX) initiative and the remaining countries. The 92 countries that are currently 
supported by the COVAX initiative do not need to pay the costs of purchasing the vaccines for the first 30 
percent of their population (WHO 2021c). Taking into account additional vaccine donations to COVAX 
countries that have recently become available, the population share that currently receives free vaccines 
is estimated to reach, on average, 37 percent33.  
 
Assuming that countries seek to vaccinate 70 percent of their 2021 populations (based on numbers from 
IMF’s April 2021 World Economic Outlook database to be consistent with the other sources of data used 
in the main report – (IMF 2021c), currently countries would need to find the resources to finance 33 
percent of the population after the COVAX contribution.  
 
The COVAX countries are anticipated to purchase a vaccine dose for the average price of $734 and most 
COVID vaccines require two doses. The exact amount any individual country will pay depends on a number 
of factors including the price that Gavi is able to negotiate with the manufacturers, which vaccine the 
country decides to procure and how much the procurement agent charges for shipping. Non-COVAX 
countries need to finance vaccines for the entire 70 percent of their populations and are anticipated to 
be able to acquire each dose from COVAX for an average price of $10.55. 
 
When rolling out the COVID-19 vaccines to the population delivery costs ensue that differ from country 
to country and are generally not covered by COVAX. This means that currently all countries need to finance 
the vaccine delivery themselves. World Bank estimates suggest that the average incremental costs of 
vaccine delivery will be $1.39 in low-income countries, $1.66 in lower middle-income countries, and $1.97 
in upper middle-income and high-income countries to deliver a vaccine dose35. Finally, to account for 
unavoidable wastage during the roll-out it is assumed that all costs increase by 10 percent. 
 
In summary, the vaccine roll-out cost calculations are based on the following assumptions: 


• Countries aim to vaccinate 70 percent of their 2021 populations 


• To vaccinate one person two doses of a vaccine are needed 


• COVAX countries need to find the resources to purchase vaccines covering 33 percent of their 
populations (at $7 per dose), non-COVAX countries need to purchase vaccines for 70 percent of 
their populations (at $10.55 per dose) 


• Countries need to meet their own vaccine delivery costs to the population: $1.39 in LICs, $1.66 in 
LMICs and $1.97 in UMICs and HICs 


• Wastage increases dose and delivery costs by 10 percent. 


 
33 The population share is likely to fall over time as new donations are made to COVAX. 
34 Vaccine price is based on (WHO 2021e).  
35 Delivery costs are based on a study (WHO 2021f) that estimated vaccine delivery costs in the 92 countries currently 
supported by the COVAX initiative. Grouping by income category and taking averages produces the delivery costs used in the 
vaccination roll-out cost calculations. 
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The calculation of health security costs is complicated because it depends not only on the countries’ 
current preparedness and response capabilities, but also on countries’ price levels and dependence on 
imports. Nevertheless, estimates based on pre-COVID-19 Joint External Evaluation (JEE) Assessments of 
country needs to strengthen preparedness suggest that the additional costs might be as low as $0.5 to 
$1.0 per capita per year (World Bank. 2017). To balance out the likely higher costs in countries with fragile 
health systems currently and the lower costs of some countries with more developed preparedness 
capacity, the estimates here are based on the more conservative figure of an additional $1.5 per person 
annually to bring health systems in low- and lower middle-income countries to an acceptable level of 
preparedness.  
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Summary
Background The SARS-CoV-2 pandemic has revealed the vulnerability of immunisation systems worldwide, although 
the scale of these disruptions has not been described at a global level. This study aims to assess the impact of 
COVID-19 on routine immunisation using triangulated data from global, country-based, and individual-reported 
sources obtained during the pandemic period.


Methods This report synthesised data from 170 countries and territories. Data sources included administered vaccine-
dose data from January to December, 2019, and January to December, 2020, WHO regional office reports, and a 
WHO-led pulse survey administered in April, 2020, and June, 2020. Results were expressed as frequencies and 
proportions of respondents or reporting countries. Data on vaccine doses administered were weighted by the 
population of surviving infants per country.


Findings A decline in the number of administered doses of diphtheria–pertussis–tetanus-containing vaccine (DTP3) 
and first dose of measles-containing vaccine (MCV1) in the first half of 2020 was noted. The lowest number of vaccine 
doses administered was observed in April, 2020, when 33% fewer DTP3 doses were administered globally, ranging 
from 9% in the WHO African region to 57% in the South-East Asia region. Recovery of vaccinations began by 
June, 2020, and continued into late 2020. WHO regional offices reported substantial disruption to routine vaccination 
sessions in April, 2020, related to interrupted vaccination demand and supply, including reduced availability of the 
health workforce. Pulse survey analysis revealed that 45 (69%) of 65 countries showed disruption in outreach services 
compared with 27 (44%) of 62 countries with disrupted fixed-post immunisation services.


Interpretation The marked magnitude and global scale of immunisation disruption evokes the dangers of vaccine-
preventable disease outbreaks in the future. Trends indicating partial resumption of services highlight the urgent 
need for ongoing assessment of recovery, catch-up vaccination strategy implementation for vulnerable populations, 
and ensuring vaccine coverage equity and health system resilience.


Funding US Agency for International Development.


Copyright © 2021 World Health Organization; licensee Elsevier. This is an Open Access article published under the 
CC BY-NC-ND 3.0 IGO license which permits users to download and share the article for non-commercial purposes, 
so long as the article is reproduced in the whole without changes, and provided the original source is properly cited. 
This article shall not be used or reproduced in association with the promotion of commercial products, services or any 
entity. There should be no suggestion that WHO endorses any specific organisation, products or services. The use of 
the WHO logo is not permitted. This notice should be preserved along with the article’s original URL.


Introduction 
The SARS-CoV-2 pandemic has scarcely left any corner 
of the world untouched, with millions of lives lost as 
a direct result of the virus. Equally important are the 
indirect effects of the pandemic. Disruptions of routine 
health services are likely to increase morbidity and 
mortality, leaving women and children particularly 
vulnerable. Systems for routine childhood immunisation 
have been greatly impacted globally, and in May, 2020, 
WHO announced there were at least 80 million children 
younger than 1 year of age who were at risk of missing 
life-saving vaccinations.1 Pandemic-related disturbances 
have jeopardised previous gains in immunisation 


services, with major implications on vaccine-preventable 
disease eradication and elimination efforts. Immense 
challenges abound in obtaining accurate and systematic 
measurements of these changes in immunisation status 
globally.


Estimates of vaccination coverage in 2020 suggested that 
23 million children missed out on basic vaccines through 
routine immunisation services, which is 3·7 million more 
than in 2019.2 Modelled estimates of disruptions to routine 
childhood immunisation coverage in 2020 because of the 
COVID-19 pandemic had suggested even higher numbers 
of more than 8 million children who missed out on their 
third dose of diphtheria–pertussis–tetanus-containing 
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vaccine (DTP3) and first dose of measles-containing 
vaccine (MCV1).3 Although knowledge of these immunity 
gaps is crucial for nations to plan on addressing the 
situation, an accurate assessment of global vaccine 
disruptions would provide a clearer picture. Although 
immunisation programmes were severely affected in 2020, 
the full impact of disruption and ensuing consequences 
are not yet fully known, given that reporting delays and 
completeness, and limited data on catch-up activities, have 
affected routine monitoring of coverage. The analysis 
presented here is a compilation of several data sources 
collected through partner collaborations from March to 
December, 2020, aimed to assess the extent and main 
factors of global disruptions in immunisation, and trends 
toward recovery from these disruptions.


Methods 
Regional data from WHO regional offices 
WHO regional offices collected information from 
their respective member states to understand the status 
of routine immunisation within the context of the 
COVID-19 pandemic. Data-collection instruments and 
methods differed by region, ranging from web-based 
surveys, spreadsheets, and free-text reports based on 
phone calls or other communications. Routine immun-
isation sessions were characterised as disrupted if 
there were indications that either fixed-post or outreach 
immunisation operations were partially or completely 


suspended as a consequence of the COVID-19 pandemic. 
Descriptive statistics were performed and results were 
expressed as frequencies and proportions of reporting 
countries.


Data on administered doses of selected vaccines 
WHO regional offices collected data on number of 
vaccine doses administered in 2019 (collected before the 
pandemic) and 2020 from countries and aggregated these 
data by month at the national level, with the caveat that 
not all countries share these data, and completeness of 
reporting is unknown. Using these data, we assessed the 
relative difference in the third dose of DTP and first dose 
of MCV, comparing the number of reported doses 
administered in 2020 to that in 2019 by country. The 
mean relative difference was calculated at the regional 
and global level, weighted by the population of surviving 
infants in each country.4 Analysis was restricted to 
countries for which 2020 and 2019 data were available.


Pulse surveys on immunisation activities 
Two web-based pulse surveys were done during 
April 14–24, 2020,5 and June 5–20, 2020,6 to assess the 
impact of the COVID-19 pandemic on routine immun-
isation services. The surveys were developed by WHO; 
UNICEF; Gavi, the Vaccine Alliance; Sabin Vaccine 
Institute’s Boost Community; the Johns Hopkins 
International Vaccine Access Center; and the Global 


Research in context


Evidence before this study
The COVID-19 pandemic has disrupted many systems around 
the world. Immunisation services remain vulnerable, as many 
components of the service provision chain have been interrupted. 
Independent reports from different regions and countries have 
indicated partial or complete suspension of vaccination clinics, 
resulting in potentially large numbers of unvaccinated children 
who remain susceptible to infections. Although immunisation 
programmes are known to have been severely affected in 2020, 
the full extent of disruption and ensuing consequences are not 
fully studied.


Added value of this study
This report presents a comprehensive set of assessments of the 
impact of COVID-19 on routine immunisation, and uses three 
separate global data sources that included detailed reports 
from WHO regional offices representing their member states, 
self-reported data from the WHO-led pulse surveys from 
early 2020, and objective data from countries on administered 
vaccine doses delivered in 2019 and 2020. Together the 
datasets provide compelling evidence of a precipitous drop in 
immunisation services during the first half of 2020, 
and associated factors, followed by partial recovery in the 
ensuing months. Attributable reasons for the decline include 
vaccination demand factors, such as public fear and transport 
restrictions, and vaccination supply factors, including 


supply-chain disruptions and reduced availability of the health 
workforce. The greatest decline in immunisation was observed 
in April, 2020, when 33% fewer vaccines (third dose of 
diphtheria–pertussis–tetanus-containing vaccine) were 
administered globally, ranging from 9% in the WHO African 
region to 57% in the South-East Asia region. Countries 
experienced greater disruption in outreach services than 
fixed-post immunisation services, indicating that vulnerable 
populations were probably more affected. Taken together, 
this analysis highlights historic disruption to vaccination 
services across the world, and examines the indirect effects of 
COVID-19 on health systems and delivery.


Implications of all the available evidence
The magnitude and global scale of disruption of immunisation 
services provides a window into the potential dangers of 
vaccine-preventable disease outbreaks in the future, and greater 
morbidity and mortality from these indirect effects of the 
pandemic. To stem these disruptions and work towards a more 
equitable world, urgent actions are proposed to address catch-
up vaccinations particularly for vulnerable communities, 
strengthen health information systems to routinely capture 
immunisation coverage and ongoing disease surveillance, 
find synergies with the COVID-19 vaccine rollout, mobilise 
resources for sustaining immunisation services, and restructure 
health systems to build resilience.


2.4_IA2030


SAGE meeting April 2022 2







Articles


www.thelancet.com/lancetgh   Vol 10   February 2022 e188


Immunisation Division at the US Centers for Disease 
Control and Prevention. Surveys were distributed 
through WHO, UNICEF, National Immunisation 
Technical Advisory Groups (NITAGs), Boost, Gavi, 
The Geneva Learning Foundation (TGLF) networks, and 
TechNet—a network of immunisation professionals, 
mostly from low-income and middle-income countries. 
Distribution of the second pulse survey did not occur 
through the TGLF network, because the timing of this 
pulse survey and the TGLF network communications 
did not coincide. The surveys were available in English 
and French. Responses were collected from Ministries of 


Health, NITAGs, and country offices of WHO, UNICEF, 
and Gavi, as well as local health facilities and non-
governmental organisations. Notable differences in the 
second survey compared to the first survey included 
a distinction between the level of disruption to fixed-
post services versus outreach services, and the capture 
of additional information on vaccination demand and 
vaccine misinformation. Data sources and methods are 
presented in detail in the appendix.


Country-specific data are not presented individually in 
this report because the aim of this report was to present a 
global picture of the state of routine immunisations. 


January February March April May June July August September October November December


Pulse survey*


AFR ·· ·· ·· 36 ·· 34 ·· ·· ·· ·· ·· ··


AMR* ·· ·· ·· 22 ·· 10 ·· ·· ·· ·· ·· ··


EMR† ·· ·· ·· 14 ·· 14 ·· ·· ·· ·· ·· ··


EUR ·· ·· ·· 17 ·· 11 ·· ·· ·· ·· ·· ··


SEAR ·· ·· ·· 8 ·· 8 ·· ·· ·· ·· ·· ··


WPR ·· ·· ·· 10 ·· 5 ·· ·· ·· ·· ·· ··


WHO regional office reports


AFR ·· ·· ·· 30 ·· ·· ·· ·· ·· ·· ·· ··


AMR‡ ·· ·· ·· 30 ·· ·· ·· ·· ·· ·· ·· ··


EMR ·· ·· ·· 9 ·· ·· ·· ·· ·· ·· ·· ··


EUR ·· ·· ·· 43 ·· ·· ·· ·· ·· ·· ·· ··


SEAR ·· ·· ·· 11 ·· ·· ·· ·· ·· ·· ·· ··


WPR ·· ·· ·· 0 ·· ·· ·· ·· ·· ·· ·· ··


Administrative vaccination data


AFR


DTP3 45 45 45 45 45 43 43 43 43 43 44 41


MCV1 45 45 45 45 45 43 43 43 43 43 44 41


AMR†


DTP3 27 27 27 27 27 27 25 25 25 24 24 24


MCV1 27 27 27 27 27 27 25 25 25 24 24 24


EMR


DTP3 7 7 7 7 7 7 7 7 6 6 6 6


MCV1 7 7 7 7 7 7 7 7 6 6 6 6


EUR§


DTP3 0 0 0 0 0 0 0 0 0 0 0 0


MCV1 0 0 0 0 0 0 0 0 0 0 0 0


SEAR


DTP3 11 11 11 11 11 11 10 10 10 10 10 10


MCV1 11 11 11 10 10 10 10 10 10 10 10 10


WPR


DTP3 6 6 6 6 6 6 6 6 6 6 6 6


MCV1 6 6 6 6 6 6 6 6 6 6 6 6


The number of countries for which data on routine immunisation services were available from the pulse surveys, WHO regional office reports, and administrative vaccination 
data are included. 170 countries and territories had data from at least one source. The total number of member states in each WHO region was 194 globally, 47 in AFR, 35 in 
AMR, 21 in EMR, 53 in EUR, 11 in SEAR, and 27 in WPR. The months are from 2020 in the case of the pulse surveys and WHO regional office reports, and from both 2019 and 
2020 in the case of the administrative vaccination data. AMR=region of the Americas. AFR=African region. DTP3=third dose of diphtheria–pertussis–tetanus-containing 
vaccine. EMR=Eastern Mediterranean region. EUR=European region. MCV1=first dose of measles-containing vaccine. SEAR=South-East Asia region. WPR=Western Pacific 
region. *Includes two non-WHO member states for the purpose of analysis. †Includes one non-WHO member state for the purpose of analysis. ‡Includes three non-WHO 
member states for the purpose of analysis. §The WHO European regional office did not have a mechanism to collect these data. 


Table 1: Number of countries for each data source by month


See Online for appendix
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Regional data analyses were done using SAS version 9.4, 
and the administrative and pulse survey data were 
analysed using R version 3.6.1.


The analyses were based on secondary data reported 
directly to the WHO from countries or regions, with 
no human participant-related data, and hence ethics 
approvals from institutional review boards were not 
applicable.


Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report.


Results 
Information on routine immunisation services was 
available from a total of 170 countries and territories 
across the different data sources (table 1).


The status of routine immunisation services in 
April, 2020, was available for 123 countries across five 
WHO regions. Substantial pandemic-related dis ruption in 
immunisation was observed across all WHO regions, with 
responses indicating varying amounts of inter ruption to 
routine immunisation sessions, health workforce avail-
ability, vaccine supply, and demand for immunisation 
services in April, 2020 (figure 1).


In the WHO African region, data were available 
for 30 of 47 member states. Of those, there were signs 
of disruption to routine immunisation sessions in 
17 (57%) member states, with fixed-post services 
partially suspended in two countries, and outreach 
services partially or completely suspended in 17 coun-
tries. Reports for seven (23%) of 30 countries indicated 
challenges with vaccine supply, and 11 (37%) of 


30 countries indicated challenges with vaccine demand 
because of fear of COVID-19 exposure, trans portation 
barriers, and misinformation.


In the WHO region of the Americas, data were available 
for 27 of the 35 member states and three territories. 
Disruption to routine immunisation sessions was reported 
by 16 (53%) of those 30 countries and territories, with 
complete suspension of immunisation services reported 
in at least three countries. A reduction in demand for 
vaccin ation services was observed in 24 (80%) of 
30 countries, and 15 (50%) of 30 countries reported 
challenges with obtaining vaccine supplies. For 20 (67%) of 
30 countries and territories, limitations in availability 
of health workforce were noted, attributed to staff illness, 
confinement policies, and diversion to COVID-19-related 
activities.


Of the 21 member states in the WHO Eastern 
Mediterranean region, nine had data available. In at least 
five (55%) of those nine countries, there were signs of 
disruption to routine immunisation sessions, perceived 
reductions in demand for vaccination services in at 
least three (33%) of nine countries, and vaccine supply 
challenges among at least one (11%) of nine countries.


In the WHO European region, 43 of 53 member states 
had data available, and of those 13 (30%) had data 
suggesting disruption to routine immunisation sessions. 
In at least ten (23%) of 43 countries, there were 
indications of reduced demand for immunisation 
services, and reduced availability of the health workforce. 
At least five (12%) of 43 countries reported challenges 
with vaccine supply.


Disruption to routine immunisation sessions was 
noted in eight of the 11 member states in the WHO 
South-East Asian region. Although specific information 
on demand for vaccination services was not available, 
there were indications of vaccine supply issues and 
reduction in health workforce availability in five (45%) of 
11 countries.


In the WHO Western Pacific region, disruptions to 
routine immunisation services and suspension of immun-
isation outreach activities were reported in some member 
states.7 Disruptions were attributed to decreased availability 
of immunisation workforce because of reassignment to 
pandemic response activities, severe travel restrictions, 
and reductions in vaccine supplies.7


Paired 2019–20 monthly data were available from 
January to December for selected countries from all 
WHO regions with the exception of Europe. Across 
all WHO regions for which data were available, there was 
a marked decline in the number of DTP3 and MCV1 
doses administered in the first half of 2020 compared 
with 2019, with a monthly weighted mean relative 
difference as great as 33% globally for DTP3 (figure 2). 
Most countries in the WHO regions reached their lowest 
number of administered vaccines doses between April 
and May, 2020, and early signs of recovery were observed 
by June, 2020. A drastic decline was observed in the 


Figure 1: Proportion of countries reporting pandemic-related disruption to routine immunisation sessions, 
health workforce availability, vaccine supply, and demand for immunisation services in April, 2020 
Analysis of data collected by WHO regional offices from their respective member states. Indicators not included in 
regional data-collection instruments might be underestimated. Vaccine demand was not systematically collected 
for AFR, EMR, EUR, and SEAR. Vaccine supply was not systematically collected for EMR. Health workforce 
availability was not systematically collected for EMR and EUR. Results for these indicators for these regions may be 
an underestimate. Data were sourced from WHO regional office reports. WPR was not represented because the 
data were not available. N represented the total number of countries in the respective region. AMR=region of the 
Americas. AFR=African region. EMR=Eastern Mediterranean region. EUR=European region. SEAR=South-East Asia 
region. WPR=Western Pacific region.
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South-East Asia region and the Eastern Mediterranean 
region, where an average of 57% and 50% fewer doses 
of DTP3, respectively, were administered in April, 2020, 
than in April, 2019. A smaller degree of decline of 9% was 
observed in the African region.


For the first pulse survey done in April, 2020, 
801 responses were recorded from individuals working at 
the national and subnational level from 107 countries and 
territories. Results revealed the widespread impact of the 
COVID-19 pandemic across the globe. For 68 (64%) of 
107 countries represented in the survey, available data 
indicated that routine immunisation services had been 
disrupted or completely suspended during the early 
months of the pandemic.


The second pulse survey from June, 2020, generated 
260 national and subnational level respondents from 
82 countries and territories. A total of 67 unique 
countries and territories had national-level respondents; 
however, the number with available data varied by 
question. In 52 (85%) of 61 countries, vaccination 
services at the national level were perceived to be lower 
in March, 2020, and April, 2020, than in January, 2020, 
and February, 2020. By May, 2020, vaccination services 
appeared to improve in only 11 (18%) of 61 countries 
compared with those seen in the previous month. 
Fixed-post vaccination services were described as 
disrupted or completely suspended in 27 (44%) of 
62 coun tries (table 2). Outreach services were operating 


Figure 2: Weighted mean relative difference in DTP3 and MCV1 administered from January, 2020, to December, 2020, compared globally with 2019 and by 
WHO Region 
Mean relative difference in DTP3 (A) and MCV1 (B) administered in 2020 compared with 2019, weighted by surviving infants. Analysis of administrative data of 
vaccine doses given, and data from the UN Population Division for surviving infants by country or region. Numbers in parentheses indicate number of countries with 
available data for the respective month. AMR=region of the Americas. AFR=African region. EMR=Eastern Mediterranean region. EUR=European region. SEAR=South-
East Asia region. WPR=Western Pacific region. DTP3=third dose of diphtheria–pertussis–tetanus-containing vaccine. MCV1=first dose of measles-containing vaccine. 
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as usual in only 11 (17%) of 65 countries, whereas 
they were perceived to be disrupted or completely 
suspended in 45 (69%) of 65 countries. In the remaining 
nine (14%) of 65 countries, outreach services were not 
considered applicable. The leading causes of disruption 
of immun isation services as reported by national and 
subnational respondents were absence of personal 
protective equipment for health-care workers (49%), 
decreased availability of health-care workers (43%), 
and travel restrictions (40%). Approxi mately a quarter 
(24%) of respondents indicated insufficient vaccines or 
vaccine-related supplies.


Catch-up vaccination plans for people who missed 
their vaccination because of the pandemic were 
reported by 77% of respondents. Recovery activities 
included enhanced outreach services (64%), expanded 
fixed-post services (59%), periodic intensification of 
routine immunisation8 or child health days (40%), 
and supplementary immunisation activity (28%). 
74% of respondents indicated that mechanisms were 
in place to track rumours and misinformation, 
primarily using mainstream media, digital media, 
and community reporting. By June, 2020, 67 (26%) of 
the 260 respondents noted that guidance documents 
on safe immunisation practices in the context of 
COVID-19 were available across 25 countries in 
12 languages, with their main source of information 
drawn from the National Ministries of Health, WHO, 
and UNICEF.


Discussion 
This report reflects the deep impact of the COVID-19 
pandemic on routine immunisation services worldwide 
during the first year of the pandemic and adds qualitative 
information on the many factors affecting routine 
vaccination. Gleaned from three separate global data 
sources, comprising reports from WHO regional offices, 
administered vaccine doses from 2019 and 2020, and a 
two-part pulse survey from early 2020, this distillation of 
data representing 170 countries and territories revealed a 
precipitous drop in immunisation services during the first 
half of 2020. The consistency of the findings on decreased 
vaccination services across data sources and regions 
highlights the global pervasiveness of pandemic-related 
disruption of essential health services.9–11


Amid COVID-19 mitigation measures, systems and 
strategies that rely on mobility have been dis pro-
portionately affected. Outreach services are commonly 
used in many low-income and middle-income countries, 
and entail regular visits to deliver routine vaccination 
services to communities, particularly those with poor 
access to health facilities. A consistent finding from both 
WHO regional data sources and the pulse surveys is the 
greater disruption seen in outreach services than fixed-
post vaccinations across regions or countries where the 
two approaches of routine immunisation services were 
reported separately. Disparities in disruption merit deep 
consideration of coverage inequities heightened by the 
pandemic, given that vulnerable communities pre-
dominantly served by outreach services, and often also 
more reliant on mass supplementary immunisation 
activities, are more likely to experience service disruptions 
and are also the last to recover, leaving these populations 
at higher risk of vaccine-preventable diseases for years to 
come.12


Although these data indicate a partial resumption 
of services, the urgency for efficient catch-up immun-
isation approaches needs emphasis. Most countries have 
endeavoured to get coverage back to baseline, but 
identifying vulnerable children who have been missed 
during these disruptions, and providing targeted catch-up 
services within these areas with poor or no coverage, will 
be crucial for full recovery. Although some high-income 
countries did intensify existing health system approaches 
to accelerate catch-up vaccination,13,14 governments and 
communities will still need innovative and impactful 
strategies to ensure that people who missed vaccines 
catch up and to return vaccination coverage to levels 
attained before the COVID-19 pandemic, and even higher 
levels.


Chief among novel approaches to recover and rebuild, 
is a need to shift the thinking from equity of coverage to 
equity of resilience. As an illustration, similar vaccination 
coverage in two individual communities might belie true 
health equality if one community is more vulnerable to 
disruption and less able to recover from serious health 
system incursions. Health system resilience is measured 


Global AFR AMR EMR EUR SEAR WPR


Fixed-post immunisation services


No disruption 35 (56%) 15 (56%) 1 (25%) 8 (67%) 6 (75%) 2 (29%) 3 (75%)


Disrupted 26 (42%) 12 (44%) 3 (75%) 3 (25%) 2 (25%) 5 (71%) 1 (25%)


Suspended 1 (2%) 0 (0%) 0 (0%) 1 (8%) 0 (0%) 0 (0%) 0 (0%)


Total 62 (100%) 27 (100%) 4 (100%) 12 (100%) 8 (100%) 7 (100%) 4 (100%)


Outreach services


No disruption 11 (17%) 3 (10%) 1 (25%) 1 (8%) 2 (22%) 2 (29%) 2 (50%)


Disrupted 38 (58%) 21 (72%) 3 (75%) 6 (50%) 4 (44%) 3 (43%) 1 (25%)


Suspended 7 (11%) 4 (14%) 0 (0%) 2 (17%) 0 (0%) 1 (14%) 0 (0%)


Not applicable 9 (14%) 1 (3%) 0 (0%) 3 (25%) 3 (33%) 1 (14%) 1 (25%)


Total 65 (100%) 29 (100%) 4 (100%) 12 (100%) 9 (100%) 7 (100%) 4 (100%)


Vaccine demand


No disruption 17 (27%) 3 (11%) 1 (25%) 3 (27%) 4 (44%) 4 (67%) 2 (50%)


Disrupted 45 (73%) 25 (89%) 3 (75%) 8 (73%) 5 (56%) 2 (33%) 2 (50%)


Total 62 (100%) 28 (100%) 4 (100%) 11 (100%) 9 (100%) 6 (100%) 4 (100%)


Data are from the second pulse survey. The number and proportion of countries (represented by national-level 
respondents to the pulse survey) that reported disruption to the supply of (fixed-post and outreach immunisation 
services) and demand for vaccines are shown. A single status for disruption in a country was calculated on the basis of 
the majority of responses from those working at the national level from that country. Additional countries with 
subnational respondents only are not represented here. The number of countries with available data from national-
level respondents varied by question. The total number of member states in each WHO region was 194 globally, 
47 in AFR, 35 in AMR, 21 in EMR, 53 in EUR, 11 in SEAR, and 27 in WPR. AMR=region of the Americas. AFR=African 
region. EMR=Eastern Mediterranean region. EUR=European region. SEAR=South-East Asia region. WPR=Western 
Pacific region.


Table 2: Countries indicating disruption to routine immunisation services in May, 2020, as a result of the 
COVID-19 pandemic
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by the ability of a health system to effectively respond to 
crises, and to sustain core activities to maintain the 
health of its population during the crises and beyond.15,16


Immunisation gaps leading to accumulation of 
children who are unvaccinated and susceptible to 
vaccine-preventable diseases, can lead to a higher 
burden of disease than previously, and excess deaths.17 
Two diseases that the world has been aspiring to 
eradicate or eliminate are of particular concern: polio 
and measles infections might stage a comeback as 
immunisation campaigns and routine services were 
paused during the pandemic crises.18–20 The persistence 
of polio in Pakistan and Afghanistan, and the increase 
in circulating vaccine-derived polio virus, has been a 
warning call for intensifying efforts for control despite 
the coronavirus pandemic.21,22 From 2017 onwards, 
measles vaccine coverage was strained by inequitable 
distribution and rising vaccine hesitancy, leading to the 
highest-ever reported number of measles deaths in 2019 
within the past two decades.23 Experiences from past 
epidemics, such as the west African Ebola disease 
outbreak in 2014–15, when suspension of vaccination 
programmes and decrease in vaccination coverage 
resulted in more deaths because of measles than of 
Ebola, holds poignant lessons for maintaining vaccin-
ations during severe crises.24,25 A risk–benefit analysis of 
reopening immunisation clinics during the pandemic 
for countries in Africa found that for every death 
attributable to COVID-19 disease acquired at the 
immunisation clinic, 84 deaths from vaccine-preventable 
diseases could be prevented, providing justification for 
prioritisation of immunisation services.26


As countries learned to adapt to the pandemic risk by 
adopting safe practices for infection control and prevention, 
including procuring personal protective equipment and 
retraining the health workforce, partial recovery from 
immunisation disruption was enabled. However, these 
adaptations were accompanied by strikingly higher costs to 
immunisation programmes in low-income and middle-
income countries.27 An analysis in Tanzania and Indonesia 
indicated that the cost of delivering immunisation through 
outreach services could increase by up to 129% of baseline 
costs, with due consideration given to changes to the 
health workforce and increased physical distancing 
measures.28 The economic impact of these pandemic 
risk-mitigation measures is yet to materialise fully, because 
how countries can sustain these added costs remains 
uncertain, and programmes remain vulnerable to declines 
in health system financing.


The data presented here reveal trends suggestive of 
early glimpses of resumption of vaccination services 
across the globe. WHO disseminated interim guidelines 
for maintaining immunisation activities as early as 
March, 2020,29 followed by national guidelines developed 
in several countries of WHO regions.30,31 Adopting a 
systems-thinking approach that integrates a holistic 
understanding of COVID-19 disease trends, pandemic 


mitigation measures, and childhood immunisation 
could facilitate recovery.32 Innovative methods were used 
by countries to boost efforts to resume immunisation 
services safely.33 Having an appointment-based system to 
avoid overcrowding, using social media and modified 
service hours, and offering immunisation services in 
strategic places such as marketplaces, pharmacies, social 
or cultural centres, drive-through immunisation services, 
along with large-scale training of health-care workers 
using webinars were strategies that were in place by 
June, 2020.7 Vaccine misinformation is a challenge, 
particularly in the era of the pandemic, and can form 
major barriers for routine vaccination.34 Recognising the 
global nature of the crisis, world agencies have stepped 
forward to respond to the impact of the pandemic 
on immunisation programmes. Gavi’s adaptation of its 
5.0 strategy for 2021–25 by extending targeted support to 
countries in need is expected to forestall the backsliding 
of the immunisation programme performance of these 
countries because of COVID-19.35


Caution is needed while interpreting the data 
presented in this report because of several limitations. 
Data sources represented different points in time, 
and are likely to reflect varying pandemic severity. 
In comparison with other data sources, the data on 
administered vaccine doses were the most objective; 
however, data availability varied by country, month, and 
vaccine antigen. From a data-quality standpoint, the 
data on 2019 monthly administered doses were likely to 
be more complete than the monthly data from 2020, 
given that 2019 data were obtained after finalisation of 
data collection, whereas the 2020 data were collected in 
real time, pending verification of the completeness of 
subnational reporting. Data collected by WHO regional 
offices differed in structure and format. Data might 
be misinterpreted when abstracted from free text, or 
underestimated in instances in which indicators were 
not included as part of the data-collection instruments 
of the regions. Additionally, the availability of data and 
information varied for member states, with no data 
available for several countries; thus, the reported results 
do not reflect the full scope of the situation in each 
region. Data from the pulse surveys were limited by the 
biases attributable to self-reporting and self-selection of 
respondents, and the absence of ratification by official 
national sources. There was uneven representation 
from countries, as illustrated by a comparably greater 
number of respondents from African countries than 
other WHO regions resulting in potential skewing 
of results. Overall, the pulse survey was designed to 
obtain a snapshot of the global impact of COVID-19 
on immun isation services at the early stages of the 
pandemic, without intention to replace regional or 
national immunisation data-collection efforts.


This report provides a comprehensive view of global 
disruptions in routine immunisation. Findings suggestive 
of resumption of immunisation services underscore the 
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need to accelerate these steps to achieve the target of 
complete recovery. In this light, there are several actions 
that can help propel progress forward (figure 3). First, 
prioritisation and implementation of catch-up vaccination 
strategies is crucial. Special emphasis is to be given to 
those communities that were at higher risk before the 
pandemic, such as communities with children who are 
not immunised or defined as zero dose36 (operationally 
defined as children 12 months or older who have not 
received the first dose of a DTP vaccine) with several 
risk factors for poor health outcomes, as they will be the 
most vulnerable to outbreaks. Second, strengthening 
information systems, particularly routine administrative 
systems, will provide a platform for access to timely 
data to inform response to immunisation disruptions 
and to identify and vaccinate missed children. Third, 
paying close attention to potential cost implications of 
implementing COVID-19 mitigation plans with immun-
isation programmes and mobilisation of additional 
resources would be needed to sustain early gains of 
immunisation services resumption. Fourth, countries 
and global agencies need to be particularly mindful 
during the COVID-19 vaccine rollout to maintain essential 
immunisation services despite the inevitable repurposing 
of human and financial resources, and be opportunistic 
in introducing or enhancing digital immuni sation 
platforms to support childhood immuni sation delivery 
and real-time monitoring. Finally, incorporating health-
system resilience features when restructuring the health 
programmes and establishing best practices to ensure 
strong primary health care would more efficiently address 
future pandemics and benefit societal health.37


There is a clear path to sustaining the hard-won 
gains of vaccines once the threat of the COVID-19 
pandemic begins to recede; the challenges and strategies 
to achieve this mission are outlined in the global vision 
document, Immunisation Agenda 2030.38 Govern ments, 
institutions, the private sector, communities, and global 
agencies have the responsibility to work together to achieve 
this mission.
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Endorsed by the World Health Assembly in 2020, the 
Immunization Agenda 2030 (IA2030) strives to reduce mor-
bidity and mortality from vaccine-preventable diseases across 
the life course (1). This report, which updates a previous report 
(2), presents global, regional,* and national vaccination cover-
age estimates and trends as of 2020. Changes are described in 
vaccination coverage and the numbers of unvaccinated and 
undervaccinated children as measured by receipt of the first and 
third doses of diphtheria, tetanus, and pertussis-containing vac-
cine (DTP) in 2020, when the COVID-19 pandemic began, 
compared with 2019. Global estimates of coverage with the 
third dose of DTP (DTP3) and a polio vaccine (Pol3) decreased 
from 86% in 2019 to 83% in 2020. Similarly, coverage with 
the first dose of measles-containing vaccine (MCV1) dropped 
from 86% in 2019 to 84% in 2020. The last year that coverage 
estimates were at 2020 levels was 2009 for DTP3 and 2014 
for both MCV1 and Pol3. Worldwide, 22.7 million children 
(17% of the target population) were not vaccinated with 
DTP3 in 2020 compared with 19.0 million (14%) in 2019. 
Children who did not receive the first DTP dose (DTP1) 
by age 12 months (zero-dose children) accounted for 95% 
of the increased number. Among those who did not receive 
DTP3 in 2020, approximately 17.1 million (75%) were zero-
dose children. Global coverage decreased in 2020 compared 
with 2019 estimates for the completed series of Haemophilus 
influenzae type b (Hib), hepatitis B vaccine (HepB), human 
papillomavirus vaccine (HPV), and rubella-containing vaccine 
(RCV). Full recovery from COVID-19–associated disruptions 
will require targeted, context-specific strategies to identify and 
catch up zero-dose and undervaccinated children, introduce 
interventions to minimize missed vaccinations, monitor cover-
age, and respond to program setbacks (3).


* Based on World Health Organization regional classifications. https://www.who.
int/about/who-we-are/regional-offices


In 1974, the World Health Organization (WHO) established 
the Expanded Programme on Immunization to ensure that all 
infants have access to four vaccines (Bacillus Calmette-Guérin 
vaccine [BCG], DTP, Pol, and MCV) to protect against six dis-
eases (tuberculosis, diphtheria, tetanus, pertussis, poliomyelitis, 
and measles). Since then, additional vaccines and doses have 
been introduced during the first year of life (e.g., pneumococ-
cal conjugate vaccine [PCV], rotavirus, RCV, HepB, and Hib) 
and later in childhood and adolescence (e.g., MCV2 and HPV) 
(4). WHO and UNICEF derive national vaccination coverage 
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estimates through annual country-by-country review of available 
data, including administrative and survey-based coverage†,§ (5). 
DTP3 coverage by age 12 months is an indicator of immuniza-
tion program performance. Children who do not receive DTP1 
(zero-dose children) reflect a lack of access to immunization 
services. Those who receive DTP1 but do not complete the series 
are considered to have dropped out; they represent underuti-
lization of immunization services among children with access.


WHO and UNICEF estimates during 2010–2019 indicate 
that global coverage with the DTP series stagnated, with coverage 
estimates ranging from 89% to 90% for DTP1 and from 84% 
to 86% for DTP3. From 2019 to 2020, global coverage declined 


† For a given vaccine, the administrative coverage is the number of vaccine doses 
administered to persons in a specified target group divided by the estimated 
target population. Doses administered during routine immunization visits are 
counted, but doses administered during supplemental immunization activities 
(mass campaigns) usually are not. During vaccination coverage surveys, a 
representative sample of households is visited, and caregivers of children in a 
specified target age group (e.g., 12–23 months) are interviewed. Dates of 
vaccination are transcribed from the child’s home-based record, recorded based 
on caregiver recall, or transcribed from health facility records. Survey-based 
vaccination coverage is calculated as the proportion of persons in a target age 
group who received a vaccine dose.


§ For 35 countries that did not report immunization coverage data for 2020 by July 6, 
2021, estimated coverage in 2019 was used. These countries represent <5% of the 
global birth cohort in 2020. Among the 35 countries, 17 were from the European 
Region, seven were from the Western Pacific Region, and five were from the African 
Region. WHO/UNICEF estimates of national immunization coverage are available 
at https://www.who.int/teams/immunization-vaccines-and-biologicals/
immunization-analysis-and-insights/global-monitoring/immunization-coverage/
who-unicef-estimates-of-national-immunization-coverage.


from 90% to 87% for DTP1 and from 86% to 83% for DTP3, 
levels last observed in 2006 and 2009 for DTP1 and DTP3, 
respectively. In 2020, DTP1 coverage ranged from 79% in the 
WHO African Region to 97% in the European Region (Table 1). 
DTP3 coverage estimates ranged from 72% in the African Region 
to 95% in the Western Pacific Region. The Western Pacific Region 
was the only region with unchanged DTP3 coverage estimates 
from 2019 to 2020, whereas all others experienced decreases. 
Worldwide, the number of children who did not complete the 
3-dose DTP series increased by 20% to 22.7 million from 2019 to 
2020. Among them, 17.1 million (75%) were zero-dose children, 
and 5.6 million (25%) had started, but not completed, the DTP 
series. Approximately 95% of the increased number of children 
who failed to complete the DTP series between 2019 and 2020 
(3.7 million) were zero-dose children. During 2019–2020, global 
DTP1-to-DTP3 dropout was stable at 4%–5%, ranging from 
0.8% in the Western Pacific Region to 8% in the African Region.


The number of zero-dose children varied by WHO region, 
economic classification,¶ and country eligibility for support 


¶ Low-income economies are defined as those with a gross national income (GNI) 
in USD per capita in 2010 of ≤$1,005, in 2019 of ≤$1,035 and in 2020 of 
≤$1,045; middle-income economies are those with a GNI per capita in 2010 
of $1,006–12,275, in 2019 of $1,036–$12,535 and in 2020 of $1,046–
$12,695; high-income economies are those with a GNI per capita in 2010 of 
≥$12,275, in 2019 of ≥$12,536, and in 2020 of ≥$12,696; calculated using 
the World Bank Atlas method (https://datahelpdesk.worldbank.org/
knowledgebase/articles/906519-world-bank-country-and-lending-groups). 
Cook Islands and Niue (Western Pacific Region) are missing GNI data and are 
excluded from this categorization.
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TABLE 1. Vaccination coverage,* by vaccine and World Health Organization region — worldwide, 2020


Vaccine
No. (%) of countries with 


vaccine in schedule


WHO region 
% coverage†


Global AFR AMR EMR EUR SEAR WPR


BCG 156 (80) 85 79 68 89 94 87 95
DTP1 194 (100) 87 79 88 87 97 88 96
DTP3 194 (100) 83 72 82 81 94 85 95
HepB BD 114 (58) 42 6 60 35 41 51 84
HepB3 190 (98) 83 72 82 81 91 85 95
Hib3 192 (99) 70 72 81 81 79 83 25
HPV, last§ 111 (57) 13 18 44 0 29 3 5
MCV1 194 (100) 84 68 85 83 94 88 95
MCV2 179 (92) 70 36 73 76 91 78 94
PCV3 148 (76) 49 68 76 52 79 27 16
Pol3 194 (100) 83 71 81 84 94 85 94
RCV1 173 (89) 70 36 85 45 94 87 95
Rota, last¶ 114 (52) 46 53 71 53 30 58 2


Abbreviations: AFR = African Region; AMR = Region of the Americas; BCG = Bacille Calmette-Guérin vaccine; DTP3 = third dose of diphtheria and tetanus toxoids and 
pertussis-containing vaccine; EMR = Eastern Mediterranean Region; EUR = European Region; HepB BD = birth dose of hepatitis B vaccine; HepB3 = third dose of hepatitis B 
vaccine; Hib3 = third dose of Haemophilus influenzae type b vaccine; HPV, last = final dose of human papillomavirus vaccine; MCV1 = first dose of measles-containing 
vaccine; MCV2 = second dose of MCV; PCV3 = third dose of pneumococcal conjugate vaccine; Pol3 = third dose of polio vaccine; RCV1 = first dose of rubella-containing 
vaccine; Rota, last = final dose of rotavirus vaccine series; SEAR = South-East Asia Region; WHO = World Health Organization; WPR = Western Pacific Region.
* Summary tables of WHO recommendations for routine immunization. https://www.who.int/teams/immunization-vaccines-and-biologicals/policies/


who-recommendations-for-routine-immunization---summary-tables
† BCG coverage based on 156 countries with BCG in the national schedule; coverage for all other vaccines based on 194 countries (global) or all countries in the 


specified region. Administrative coverage is the number of vaccine doses administered to those in a specified target group divided by the estimated target population. 
During vaccination coverage surveys, a representative sample of households is visited and caregivers of children in a specified target group (e.g., those aged 
12–23 months) are interviewed. Dates of vaccination are transcribed from the child’s home-based record or from health facility records or are recorded based on 
caregiver recall. Survey-based vaccination coverage is calculated as the proportion of persons in a target age group who received a vaccine dose.


§ Number of doses to complete the HPV series depends on age of recipient.
¶ Number of doses to complete the rotavirus vaccine series varies among vaccine products.  


from Gavi, the Vaccine Alliance** (Table 2). During 2019–
2020, the number of zero-dose children was stable in the 
European Region at 0.3 million but increased in the African 
(from 7.1 million to 7.7 million), Americas (from 1.6 million 
to 1.7 million), Eastern Mediterranean (from 1.8 million to 
2.3 million), European (from 2.8 million to 3.4 million), 
South-East Asia (from 2.0 to 4.1 million), and Western Pacific 
(from 0.9 million to 1.0 million) regions (Figure). In 2020, 
middle-income countries had the largest number of zero-dose 
children (12.1 million; 71%); countries in the African and 
South-East Asia regions each accounted for 4.1 million (24%) 
children. Low-income countries accounted for 4.5 million 
(26%) zero-dose children. In 2020, 13.7 million (80%) zero-
dose children lived in Gavi-eligible countries. Approximately 
two thirds (11.1 million; 65%) of zero-dose children in 2020 
lived in 10 countries: Angola, Brazil, Democratic Republic 
of the Congo, Ethiopia, India, Indonesia, Mexico, Nigeria, 
Pakistan, and Philippines.


 ** Gavi, the Vaccine Alliance, is a public-private global health partnership with 
the goal of increasing access to immunization in poor countries. Country 
eligibility is defined by an average 3-year GNI per capita of ≤$1,580. Based 
on Gavi 4.0 (2016–2020), eligibility includes 68 low- and middle-income 
countries eligible to receive financial assistance through grants contingent on 
a country’s GNI per capita. As GNI increases, a country moves through Gavi’s 
different eligibility phases until reaching the transition phase, when GNI 
exceeds the eligibility threshold. https://www.gavi.org


During 2010–2019, global coverage with MCV1 stagnated 
between 84% and 86%, while MCV2 coverage increased from 
42% to 71%, reflecting second dose introductions in many 
countries.†† From 2019 to 2020, global MCV1 coverage 
decreased to the 2014 level of 84%, whereas MCV2 coverage 
was relatively stable at 71% in 2019 and 70% in 2020. MCV1 
coverage in 2020 ranged from 68% in the African Region 
to 95% in the Western Pacific Region (Table 1). Among all 
countries, MCV2 coverage varied from 36% in the African 
Region to 94% in the Western Pacific Region.


During 2019–2020, global coverage decreased for the com-
pleted series of Hib vaccine (from 72% to 70%), RCV vaccine 
(from 71% to 70%), HepB (3-dose series: from 85% to 83%; 
birth dose stable at 42%), and HPV (from 15% to 13%). 
Global coverage with the completed PCV series remained 
stable at 49%, whereas rotavirus vaccination coverage increased 
from 39% to 46%. One country introduced PCV, and seven 
countries introduced rotavirus vaccine (Table 1).


Discussion


Following high (although stagnant) routine vaccination cov-
erage during 2010–2019, a notable decline in global coverage 
 †† During 2010–2019, 42 countries introduced the second dose of MCV2 into 


their immunization schedule. In 2020, only Madagascar introduced MCV2 
into its immunization schedule.
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TABLE 2. Number and percentage of surviving infants not receiving the first dose of diphtheria and tetanus toxoids and pertussis-containing 
vaccine (zero-dose children), by World Health Organization region, Gavi eligibility, and World Bank economic classification — worldwide, 2010, 
2019, and 2020


Characteristic/Year  


WHO region* Economic classification† Among 
Gavi-eligible 


countries§Global¶ AFR AMR EMR EUR SEAR WPR Low Middle High


2010
Total no. of countries 193 46 35 21 53 11 27 35 106 49 67
No. of surviving infants (millions) 133.1 30.5 15 16.2 11.2 35.8 24.4 25.1 95.3 12.6 76.1
Global % of surviving infants — 23 11 12 8 27 18 19 72 9 57
No. of zero-dose children (millions) 14.9 6.1 0.5 2.6 0.5 4.3 0.9 3.3 11.2 0.3 12.7
Global % of zero-dose children — 41 3 17 3 29 6 22 75 2 85
2019
Total no. of countries 194 47 35 21 53 11 27 29 103 60 67
No. of surviving infants (millions) 135.8 35.7 14.5 17.5 10.9 33.8 23.2 21.8 101.3 12.5 80.2
Global % of surviving infants — 26 11 11 8 25 17 16 75 9 59
No. of zero-dose children (millions) 13.6 7.1 1.6 1.8 0.3 2.0 0.9 4.2 9.0 0.3 10.6
Global % of zero-dose children — 52 12 13 2 15 6 31 66 2 78
2020
Total no. of countries 194 47 35 21 53 11 27 27 108 57 68
No. of surviving infants (millions) 135.7 36.3 14.5 17.5 10.8 33.7 22.9 21.6 101.4 12.2 80.7
Global % of surviving infants — 26 11 13 8 25 17 16 75 9 59
No. of zero-dose children (millions) 17.1 7.7 1.7 2.3 0.3 4.1 1.0 4.5 12.1 0.3 13.7
Global % of zero-dose children — 45 10 13 2 24 6 26 71 2 80


Abbreviations: AFR = African Region; AMR = Region of the Americas; EMR = Eastern Mediterranean Region; EUR = European Region; GNI = gross national income; 
SEAR = South-East Asia Region; USD = U.S. dollars; WHO = World Health Organization; WPR = Western Pacific Region.
* Included countries are WHO member states (N = 193 for 2010; N = 194 for 2019 and 2020).
† Low-income economies are defined as those with a GNI in USD per capita in 2010 of ≤$1,005, in 2019 of ≤$1,035, and in 2020 of ≤$1,045; middle-income economies 


are those with a GNI per capita in 2010 of $1,006–12,275, in 2019 of $1,036–12,535, and in 2020 of $1,046–12,695; high-income economies are those with a GNI per 
capita in 2010 of ≥$12,275, in 2019 of ≥$12,536, and in 2020 of ≥$12,696; calculated using the World Bank Atlas method (https://datahelpdesk.worldbank.org/
knowledgebase/articles/906519-world-bank-country-and-lending-groups). Categorization is based on the World Bank’s economic classification for 2021. Cook 
Islands and Niue (WPR) are missing GNI data and are excluded from this categorization. Similarly, 2020 data for Venezuela were excluded as temporarily unclassified 
pending release of revised national accounts statistics.


§ Based on Gavi 4.0 (2016–2020), eligibility includes 68 low- and middle-income countries eligible to receive financial assistance through grants contingent on a 
country’s GNI per capita. Eligibility is defined as a country’s average 3-year GNI per capita of ≤$1,580. As GNI increases, a country moves through Gavi’s different 
eligibility phases until reaching the transition phase when GNI exceeds the eligibility threshold. https://www.gavi.org


¶ Because of rounding, percentages across rows for regions do not necessarily sum to 100%.


for most vaccines occurred from 2019 to 2020. Although this 
decrease represented only a few percentage points, approxi-
mately 3 million more children did not complete the infant 
vaccination series in 2020. Even vaccines with apparent stable 
or increased coverage (i.e., MCV2, PCV, and rotavirus) were 
adversely affected. However, the drops in global coverage 
were offset by recent vaccine or dose introductions in some 
countries. The decrease in coverage in 2020 is likely related 
to effects of the COVID-19 pandemic. Surveys conducted in 
2020 to gauge immunization program disruptions indicated 
decreased access because of physical distancing and transpor-
tation reductions, concerns by caregivers and health workers 
about COVID-19 exposure, and supply chain interruptions 
(6). The impacts to immunization coverage in 2020 were vari-
able across regions and countries, with the South-East Asia 
and Eastern Mediterranean regions experiencing the largest 
declines in DTP3 coverage. DTP3 coverage in the Americas 
has continued a downward trend since 2016 (2).


Zero-dose children tend to live in vulnerable communities 
served by outreach services that are more prone to disruption 
and less resilient to recovery (6). Extending immunization 
services to reach zero-dose children and communities is one 
of the objectives of IA2030 and the Gavi 5.0 strategy (1,7). 
Achieving this objective requires an understanding of the 
socioeconomic, cultural, geographic, and systemic barriers 
to vaccination in these communities and the development of 
appropriate, context-specific strategies to increase access, avail-
ability, and demand for immunization services (8).


Although evidence suggests that routine immunization 
began to recover toward the end of 2020 (6), catch-up vac-
cination strategies and continued monitoring are essential to 
address the immunity gaps caused by immunization program 
disruptions (9,10). Catch-up strategies might include more 
immediate activities, such as mass vaccination activities and 
targeted communication to persons identified as having missed 
vaccine doses. Countries should also develop a catch-up vac-
cination framework within routine immunization, which could 
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FIGURE. Estimated number of zero-dose children* during the first year of life and estimated coverage with first dose of diphtheria and tetanus 
toxoids and pertussis-containing vaccine, by World Health Organization region — worldwide, 2010, 2019, and 2020
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Abbreviations: AFR = African Region; AMR = Region of the Americas; DTP1 = first dose of diphtheria and tetanus toxoids and pertussis-containing vaccine; EMR = Eastern 
Mediterranean Region; EUR = European Region; SEAR = South-East Asia Region; WPR = Western Pacific Region.
* Zero-dose children are surviving infants who did not receive the first dose of DTP1 during the first year of life. Increase in the number of zero-dose children in the 


African Region reflects population growth.


include modifying immunization policies, improving defaulter 
tracking, training health workers to incorporate catch-up strat-
egies into the immunization program, screening children for 
vaccination status at any health service encounter or at school 
entry, and expanding age-based eligibility for vaccinations to 
ensure that unvaccinated older children receive missed vaccines. 
A robust catch-up framework could also strengthen program 
resilience to withstand large-scale disruptions because the pro-
gram could, at lower cost, rely on the routine immunization 
program to identify and administer missed vaccines to children 
rather than depending solely on costly mass vaccination events.


The findings in this report are subject to at least five limi-
tations. First, 2019 data were used for 35 countries that did 
not report 2020 data; however, these countries included 
<5% of the 2020 global birth cohort.§§ Second, data quality 
limitations could have resulted in inaccurate estimations of 


 §§ Given that these countries represent <5% of the global birth cohort in 2020, 
the missing data likely had a limited impact on reported estimates.


administrative coverage (5). Third, sampling and recall bias 
could have affected survey-based estimates of coverage (5). 
Fourth, estimates for 2020 are not directly informed by survey 
data in all countries because of survey implementation disrup-
tions. Finally, estimates do not include statistical uncertainty.


Action is urgently needed to address immunity gaps caused 
by pandemic-related disruptions in immunization delivery to 
prevent vaccine-preventable disease outbreaks in countries with 
health systems already burdened by COVID-19. Reversing 
worrisome trends in some countries and extending previous 
gains in vaccination coverage beyond prepandemic levels will 
require targeted and context-specific approaches to eliminate 
barriers to vaccination, particularly in communities with large 
populations of zero-dose children. Defining country-specific 
strategies to identify missed children, minimize missed oppor-
tunities for vaccination, and implement catch-up vaccination 
is critical to lessen the impact of the COVID-19 pandemic on 
progress toward achieving global immunization goals.
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Summary
What is already known about this topic?


Global coverage with the third dose of diphtheria and tetanus 
toxoids and pertussis-containing vaccine (DTP3) and of polio 
vaccine (Pol3) and the first dose of measles-containing vaccine 
(MCV1) remained between 84% and 86% during 2010–2019.


What is added by this report?


In 2020, estimated global coverage with DTP3 and Pol3 
decreased to 83%; MCV1 coverage decreased to 84%. Globally, 
17.1 million zero-dose children did not receive the first DTP 
dose, an increase of 3.5 million from 2019.


What are the implications for public health practice?


Full recovery from COVID-19–associated disruptions will require 
targeted, context-specific strategies to identify and catch up 
zero-dose and undervaccinated children, introduce interven-
tions to minimize missed vaccinations, monitor coverage, and 
respond to program setbacks.


Corresponding author: Pierre Muhoza, pmuhoza@cdc.gov, 404-639-0867.
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Abstract


The current global novel coronavirus disease 2019 (COVID-19) pandemic threatens to derail the uptake of human
papillomavirus (HPV) vaccination in low- and lower-middle income countries with major disruptions to routine immuniza-
tion and the introduction of new vaccines delayed. This has a major impact on the World Health Organization cervical cancer
elimination strategy, where it is dependent on HPV vaccination as well as cervical cancer screening and treatment. We dis-
cuss current opportunities and barriers to achieve high uptake of HPV vaccination in low- and lower-middle income countries
as well as the impact of COVID-19. Implementation of 4 key recommendations for HPV vaccination in low- and lower-middle
income countries is needed: increased global financial investment; improved vaccine supply and accelerated use of a single-
dose schedule; education and social marketing; and adoption of universal school-based delivery. With the commitment of
the global health community, the adoption of these strategies would underpin the effective elimination of cervical cancer.


Cervical cancer is the fourth most common cancer in women
worldwide, with 570 000 cases each year causing 311 000 deaths,
mostly in low- and lower-middle income countries (LLMICs) (1,
2). It is caused by chronic infection with oncogenic genotypes of
human papillomavirus (HPV), but unlike most cancers, it is
largely preventable by vaccination. In 2018, the director-general
of the World Health Organization (WHO) made a pledge to elim-
inate cervical cancer as a public health problem within the next
century. Elimination is defined as an incidence of less than 4
cases per 100 000 women-years. Clear targets that have been set
by 2030 to achieve the “elimination goal” include the following:
90% of girls to be immunized by 15 years of age; 70% of women
between 35 and 45 years old to be screened at least once in a
lifetime with a proficiency test; and 90% of women with high-
grade cervical lesions or cervical cancer being treated (3).


Whereas some high-income countries (HICs) such as the
United Kingdom and Australia are on track to eliminate cervical
cancer within the next decade as a result of high HPV vaccine
coverage rates and robust screening programs as well as access
to treatment for precancerous and early stage cancerous lesions
(4,5), the situation in LLMICs is far less optimistic. Of the 131
countries that have introduced the HPV vaccine (Romania,
Lesotho, and Kazakhstan have since stopped; Japan suspended)


(6), less than 20% of countries are LLMICs. Furthermore, 70% of
the target global population of 9- to 14-year-old girls currently
live in a country without an HPV immunization program (7).
More than 44 million women will be diagnosed with cervical
cancer in the next 50 years if primary and secondary prevention
programs are not implemented in LLMICs (8). Although strate-
gies to prevent, screen, and treat are necessary for cervical can-
cer elimination, primary prevention of HPV infection through
HPV immunization in LLMICs is likely to have the greatest long-
term impact and represents the most feasible approach to per-
manently reduce the global cervical cancer burden.


There has been a growing global momentum toward the in-
troduction of the HPV vaccine in LLMICs. As of 2020, 52 LLMICs
have conducted pilot or demonstration projects, and almost
half have introduced HPV vaccine in their national program in
the last 5 years (6). Bhutan and Rwanda were 2 of the first
LLMICs to successfully introduce HPV vaccine, achieving high
vaccine coverage (>90%) in the target population, demonstrat-
ing the feasibility of a successful HPV immunization program in
LLMICs. Another 41 countries and territories are projected to in-
troduce HPV vaccine in their national schedule by the end of
2023 (6). However, the uptake of HPV vaccination in LLMICs fol-
lowing successful pilot programs, as well as in those countries
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unable to introduce HPV vaccine in the near future, was already
dependent on overcoming major barriers such as high vaccine
and programmatic costs, HPV vaccine shortages, vaccine hesi-
tancy, and suitable vaccine delivery strategies (Figure 1).


On March 11, 2020, the WHO declared novel coronavirus dis-
ease 2019 (COVID-19) a global pandemic, caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2). The outbreak
was first identified in Wuhan, China, in December 2019. As of
October 7, 2020, more than 35 million cases and 1 million deaths
due to COVID-19 have been reported in more than 188 countries
and territories (9). Unprecedented public health and social
measures (ie, closure of international borders, movement
restrictions within countries, and partial or complete closure of
schools and businesses, as well as strict quarantine practices)
have been implemented across the globe to curb the spread of
the virus and prevent overwhelming the health-care systems.


The COVID-19 pandemic has had profound impact on com-
munities, causing disruptions to many essential health services,
including the provision of routine immunization services (10).
These are due to factors such as transport interruptions, health


workers being unavailable because of safety and health con-
cerns, travel restrictions, or redeployment to COVID-19 re-
sponse duties, as well as a lack of personal protective
equipment (PPE) (10). The restrictions on movement, or fear of
being exposed to people with COVID-19, have also seen people
reluctant to leave home to get immunized (10). It is estimated
that 80 million children under the age of 1 year in at least 68
countries will miss out on essential vaccines, predisposing
them to severe diseases (11). Gavi, the Vaccine Alliance, is a
partnership of public and private sectors that help improve ac-
cess to new and underused vaccines for the most vulnerable
children in low-income countries (gross domestic product <


US$3000). It is estimated that at least 24 million children and
adolescents living in 21 Gavi-supported lower-income countries
are also at risk of missing out on life-saving vaccines such as
HPV vaccine because of postponed campaigns and delayed in-
troduction of new vaccines (11). By June 2020, 45 out of 68 Gavi-
supported vaccine introductions have already been affected by
shipment delays and low vaccine stocks (10). Modeled data sug-
gest that the deaths prevented by sustaining routine childhood


Figure 1. Overcoming the barriers in the uptake of human papillomavirus (HPV) vaccination in low- and lower-middle-income countries
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immunization in Africa far outweigh the excess risk of COVID-
19 deaths associated with vaccination clinic visits, especially for
the vaccinated children (12). This is likely to be true for HPV vac-
cination, where the pandemic is exacerbating the barriers and
threatening the progress already made toward HPV vaccine in-
troduction in LLMICs over the last decade. Therefore, proactive
deployment of intervention strategies is urgently needed by the
global health community. In this viewpoint, we discuss the ma-
jor barriers to HPV vaccination in LLMICs, the effects of COVID-
19, and the strategies now needed to increase the uptake of HPV
vaccination.


Barriers to HPV Vaccine Uptake and Impact of
COVID-19 Pandemic


High Vaccine and Programmatic Costs


High vaccine and programmatic costs (including vaccine cold
chain storage, staff, and transport of large quantities of vac-
cines) are major barriers to access HPV vaccine in many LLMICs.
In the last 10 years, Gavi has enabled access to subsidized HPV
vaccine (20% of the Gavi purchase price, currently around $4.50
per dose) and supported HPV vaccine programs for the poorest
countries in the world. In 2016, Gavi initiated an accelerated
HPV vaccine program where an estimated 40 million girls from
Gavi-eligible countries were expected to receive the vaccine by
2020, thereby averting 900 000 deaths (13). However, this num-
ber was reduced to 14 million because of the increased global
demand and subsequent shortage of HPV vaccine (see below;
HPV Vaccine Supply). Although Gavi provides substantial
resources to kick-start the HPV vaccine program, sustainable fi-
nancing mechanisms and the commitment from governments
are necessary for these countries as they graduate from Gavi
status in the coming years to maintain their HPV immunization
program. In most cases, the cost of HPV vaccine is critical. This
is where financial support for vaccine procurement and/or price
negotiation with vaccine manufacturers from international
health agencies such as the Pan American Health Organization,
Program for Appropriate Technology in Health, United Nations
International Children’s Emergency Fund (UNICEF), and the Gulf
Cooperation Council become extremely important for countries
planning to introduce HPV vaccine nationally but are not eligi-
ble for Gavi funding (ie, middle-income countries).


The COVID-19 pandemic has restricted vaccine access
(not limited to HPV) in many LLMICs. The economic impact
of COVID-19 has led to a global recession, which will un-
doubtedly lead to reduced national income and health budg-
ets, increased public and private debt, and reduced access to
vaccines and vaccine delivery services. Access to HPV vac-
cine, like other vaccines, will be even more challenging than
before, and the recession threatens to roll back the hard-won
progress that LLMICs have made in recent decades. Some
LLMICs however, such as Lao People’s Democratic Republic
and Uganda, have continued routine immunization services
in the face of COVID-19 through support from Gavi and
UNICEF, government leadership, and community engage-
ment (14,15). Specifically, the support from global health
leaders in vaccine procurement, PPE provision, diagnostics,
training and communication campaigns, and most impor-
tantly, strong support and advocacy by government minis-
tries is crucial in the continuation of immunization services
in response to the COVID-19 pandemic. Lessons learned from
these countries would help facilitate vaccine


implementation in some of the poorest countries and most
remote communities for the current pandemic and future
outbreaks. Indeed, some of these countries (ie, Nepal, Niger,
and Syria), with the help of UNICEF, have been able to con-
tinue immunization services for children (16). One of the
highest global priorities now is to restore immunization serv-
ices, including HPV vaccination, provided it is safe to do so
with strict public health measures in place (ie, use of PPE and
physical distancing).


Emerging evidence suggests that a single dose of HPV vac-
cine is immunogenic and sufficient for protection against
HPV infection and potentially HPV-associated diseases over
the long term (17-21). Although considerable investment is
still required for delivery of a single-dose HPV vaccine pro-
gram, it remains highly cost-effective compared with other
health interventions, and substantial cost-savings over the
long-term will be achieved because of reductions in cervical
cancer treatment costs (22,23). Formal randomized con-
trolled trials are underway to examine a single-dose HPV
schedule, and results from these studies are greatly antici-
pated within the next 5 years (24). The provision of a single
dose of HPV vaccine during these difficult times may help
bridge the issues of vaccine cost and logistical constraints. A
second dose may be administered at a later time if needed, in
the period following this pandemic.


HPV Vaccine Supply


Because of the increased global demand of HPV vaccine (more
than double the demand in 2018 compared with 2017) as a re-
sult of more publicly funded programs and a move toward
gender-neutral vaccination and multi-age cohort catch-up cam-
paigns, there is now a global shortage of HPV vaccine (25). Many
LLMICs now have to delay the introduction of the HPV vaccine.
For example, in 2018, the Ethiopian government had planned
for a multi-age cohort HPV vaccine national introduction (9-
14 years old) but were only able to vaccinate 14-year-old girls be-
cause of the global vaccine shortage (Mulholland K, personal
communication). Although the vaccine manufacturers are cur-
rently expanding their production including building new facili-
ties to meet global demand, this still requires long lead times
(up to 4 years), including the necessary regulatory approvals
(26). Production is not expected to meet demand until 2024 at
the earliest. Reallocating vaccines from one country to another
is also complicated and unlikely given differing regulatory
requirements across countries.


It is uncertain if the COVID-19 pandemic has affected the
timeline of vaccine production to meet global demand. At the
recent Global Vaccine Summit in May 2020, HPV vaccine manu-
facturers (existing and new) committed to provide sufficient
supply of HPV vaccines for Gavi-supported countries by 2025,
enabling 84 million girls much-needed access to this vaccine
(27). Although this positive news may not necessarily provide
immediate relief during the pandemic, countries where routine
immunization of HPV vaccine has been disrupted can initiate
plans for future catch-up campaigns to adolescents who may
have missed HPV vaccination during the COVID-19 pandemic.
In the longer term, access to HPV vaccines will also improve
with the development of new, low-cost, and quicker-to-produce
HPV vaccines that are expected to come onto the market over
the next few years. One of these is a bivalent HPV vaccine
(CecolinVR , Xiamen Innovax Biotech CO., LTD., China) recently li-
censed in China, and a further 2 candidates are currently in
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phase III clinical trials (a bivalent vaccine from Walvax
Biotechnology Co. Ltd, China, and a quadrivalent vaccine from
Serum Institute of India, India) (28).


Ensuring sufficient supply of HPV vaccines and rollout of tar-
geted catch-up programs will be key to ensure the most vulner-
able populations are not predisposed to cervical cancer and
other HPV-associated diseases. The use of single-dose HPV vac-
cine schedules or delaying the second dose of vaccine by at least
2 to 3 years once the results of the single-dose trials are avail-
able would alleviate the vaccine supply issue (26). Female-only
HPV programs should be the priority during this period, with
WHO (Strategic Advisory Group of Experts on Immunization
Committee) recommending temporary suspension of gender-
neutral and multibirth cohort vaccination programs, although
this may be difficult in countries with an established HPV vac-
cine program. These recommendations are endorsed by the
International Papillomavirus Society (IPVS), the preeminent so-
ciety for basic science, clinical, and public health research on
papillomavirus (26). Temporary suspension of gender-neutral
vaccination programs is unlikely to have a major impact on the
cervical cancer elimination strategy, although the changing rec-
ommendation for established gender-neutral programs may
cause public confusion. It is therefore important to highlight
that girls in LMICs, where cervical cancer burden is highest, are
most in need of the vaccine but currently do not have access to
it. Vaccinating girls will have the greatest impact on the global
burden of cervical cancer because cervical cancer is the most
important disease caused by HPV. A catch-up vaccination pro-
gram for boys may be offered to accelerate cervical cancer elimi-
nation and prevent other HPV-associated diseases when
vaccine supply meets demand (29). Such drastic changes in the
current thinking are needed if we are to meet the challenge of
cervical cancer elimination within the time frame, against the
backdrop of COVID-19.


Community Awareness and Attitudes Toward HPV
Vaccine


Public knowledge and awareness of HPV-associated diseases
and HPV vaccination are crucial for vaccine acceptance among
adolescents and their parents. This is particularly true in many
LLMICs as well as some HICs, where vaccine uptake is low even
in regions where HPV vaccine is available. For example, in the
United States, the vaccine coverage in girls for a 3, 2, and 1 dose
of HPV vaccine is 63%, 52%, and 42%, respectively (30). This low
coverage is partly because of the vaccine being given in private
health clinics as part of their national immunization program
(ie, opportunistic and the need for reimbursement costs), in-
creasing HPV-vaccine specific hesitancy with inconsistent rec-
ommendation by health-care providers, and gaps in parents’
knowledge around HPV vaccination (31-33). A systematic review
of 16 studies conducted in sub-Saharan Africa found low levels
of knowledge and awareness of HPV, HPV vaccine, and cervical
cancer, yet a high level of willingness to be vaccinated (34).


Vaccine hesitancy has been flagged as one of the top 10
threats to global health by the WHO. Similar to vaccines such as
for measles, it has had a dramatic effect on HPV vaccine uptake
and coverage in some countries (35). HPV vaccine hesitancy has
surfaced based on unfounded claims that HPV vaccines are
unsafe and promote promiscuity (36,37). Misinformation
through stories from social and traditional media and conversa-
tions about people who believed they were harmed by HPV vac-
cine has also led to parents declining timely vaccination (38).


Vaccine-hesitant parents also cite other issues such as their
child being too young, low risk of a child getting HPV infection,
and mistrust of vaccines (39-41). Many studies analyzing large
HPV vaccination datasets, as well as WHO and US Centers for
Disease Control and Prevention, have found the vaccine to be
safe (42,43). Despite this, HPV vaccine coverage in Japan has
plummeted from 70% to less than 1% since 2013 because of
unconfirmed reports of severe adverse events following HPV
vaccination (44). Recent modeling data suggest that this crisis is
estimated to result in a further 5000 cervical cancer deaths
based on the current screening coverage of 30%-40% (45). A pilot
HPV vaccine introduction program in Mongolia, where the cervi-
cal cancer burden is one of the highest in Asia (46), was also dis-
rupted because of unsubstantiated negative claims about the
vaccine, resulting in one-third of target population missing out
(47). It was only after years of strong advocacy from health pro-
fessionals and researchers, as well as quality local data on the
effectiveness of HPV vaccine, that the Mongolian government is
now considering introducing the vaccine nationally (47,48).


Education around the benefits of HPV vaccination and un-
derstanding the link between HPV infection and HPV diseases
are essential in improving vaccine acceptance. The cultural con-
text and current social norms in a given country or community
also need to be considered to allay any anxiety; for example, in
ethnic minority populations, cultural sensitivities regarding
beliefs and values of sexual activity may result in reluctance to
receive HPV vaccine (49). Language barriers can also make the
informed consent process difficult (50). These barriers are not
insurmountable, and educational interventions targeted toward
adolescents, parents, and health providers can be effective
approaches to improve knowledge and willingness to be vacci-
nated (51-54). In addition, an opt-out approach for the vaccine
program may also improve vaccine coverage. The success of
these strategies has not only been seen in HICs but also led to
increased rates of HPV vaccine uptake and broad acceptance in
LLMICs such as India, Peru, Uganda, Vietnam, and Fiji (55-57).
Global partners such as WHO and the United Nations (UN)
Population Fund, UN Women (United Nations Entity for Gender
Equality and the Empowerment of Women), and the IPVS as
well as local health practitioners who are generally well
regarded and trusted in providing health recommendations
continue to educate and advocate for HPV immunization. For
school-based delivery programs, teachers and principals as well
as the Ministry of Education will need to communicate the ben-
efits of HPV vaccination.


Education is essential but not sufficient to combat vaccine
hesitancy. Governments and health policy makers play an im-
portant role by implementing policies to improve vaccine up-
take (ie, cash transfer incentives), as well as working with
media platforms (including social media), to quell any anti-
vaccine misinformation, by providing and showing only credi-
ble, science-based information (35). Increasing transparency in
policy-making decisions related to vaccinations by focusing on
safety and trust issues is one way to improve public awareness
and confidence (58).


In the current COVID-19 pandemic, the acute uncertainty
around the virus and the massive influx of misinterpreted, ma-
nipulated, and malicious information have caused an
“infodemic” problem, with rising anxiety and conspiracy theo-
ries among the general public (59). Recent surveys of up to 2200
individuals in France and the United States suggest that 1 in 4
will not use a vaccine against SARS-CoV-2 when it becomes
available (60,61), and only 30% of people would be willing to re-
ceive the vaccine soon after it becomes available (61).
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Surprisingly, more than one-third of those who would refuse
vaccination were among low-income people (who are generally
more exposed to infectious diseases) and were young women
(aged 18-35 years, who play a crucial role regarding childhood
vaccination) (60). These individuals are also most likely to be
hesitant about routine child and adolescent vaccination, which
is a major concern for public health. Additional intervention re-
search is needed to improve vaccine acceptance for COVID-19
vaccine and also all other vaccines in the routine immunization
program.


There are more than 180 COVID-19 vaccines in development.
The success or failure of any COVID-19 vaccine is likely to be
crucial for vaccination acceptance more broadly. A safe and ef-
fective COVID-19 vaccine will improve vaccine confidence in
many people and may lead to higher overall vaccine uptake.
However, a failed vaccine, one in which there are major postli-
censure safety signals, will risk public backlash with devastat-
ing consequences for other COVID-19 vaccines as well as
routine childhood vaccines, including HPV (62). Like with HPV
vaccine, communications and trust in the government and its
health systems are going to be crucial in countering vaccine
hesitancy and any conspiracy theories. The public health com-
munity will also have an important role in assisting families
and communities to distinguish between facts and conspiracy
theories around COVID-19 and vaccination in general (59). This
includes designing information materials that specifically ad-
dress concerns around COVID-19 and educational campaigns
regarding vaccination using both traditional and social media
platforms to advise on the benefits and risks, as well as target-
ing misinformation (61).


Delivery Strategies for HPV Vaccine


The target population for HPV immunization is young adoles-
cents (younger than 15 years of age) receiving 2 or potentially
even 1 dose of HPV vaccine. High vaccine coverage is key to en-
suring the success of any HPV vaccine program. School-based
programs generally yield higher coverage than health center de-
livery in both HICs and LLMICs (63,64). The 3-dose coverage rate
in Bhutan dropped from 99% to around 68% when the country
switched from a school-based program to routine delivery
through health centers; the government subsequently reverted
back to a school-based program and achieved greater than 90%
coverage (65). Although school attendance is generally lower in
LLMICs, particularly as adolescents grow older, the final year of
primary school may be considered an ideal time for vaccination
to minimize the need to capture out-of-school children, thereby
maximizing coverage. Modeled data have found an increased
benefit of HPV vaccination among 9-year-old girls as compared
with previous estimates of cervical cancer burden, amounting
to a further 51% increase in cervical cancer deaths averted, with
the greatest benefit in the WHO African region (66). Primary
school completion rates among LLMICs are relatively high, at
around 62% for sub-Saharan Africa and 88% for South Asia, giv-
ing confidence that a primary school-based program would
reach most girls (67), although community outreach programs
are still crucial in capturing out-of-school girls. School-based
HPV vaccine programs need to be driven by government sectors
including the departments of health and education to ensure
high vaccine coverage and success of the program.


Incorporating HPV immunization with other school and ado-
lescent health programs, as well as the co-administration of
other adolescent vaccines, can also alleviate logistical


constraints (68). There is also the possibility of vaccinating
younger children (younger than 9 years old) and infants if it
works, because the coverage of childhood vaccinations (ie,
Hepatitis B, polio) is generally high, and co-administration of
vaccines can also reduce health-services burden in LLMICs (40).
This might negate some of the stigmatism and vaccine hesi-
tancy associated with HPV vaccination during adolescence (ie,
childhood vaccination to prevent adult cancer). Furthermore, in
many LLMICs, child marriage and/or child sexual abuse still oc-
cur at an alarming rate, with serious impact in life (ie, early
pregnancy, mental health, disrupted education, and limiting op-
portunities for career and vocational advancement).
Approximately 15% of girls were married by the age of 15 years
in West and Central Africa (69), and a study conducted in
Cambodia, Haiti, Kenya, Malawi, Swaziland, Tanzania, and
Zimbabwe found that more than 25% of children and adoles-
cents had experienced some form of sexual violence (70).
Therefore, offering HPV vaccination to younger children (youn-
ger than 9 years old) may actually protect a large proportion of
girls in LLMICs who are at an increased risk of cervical cancer
(71). A phase III randomized controlled trial in the Gambia is
currently ongoing to assess the immunogenicity of 9-valent
HPV (9vHPV) in girls aged 4 to 8 years (41).


During the COVID-19 pandemic, school closures have been
widespread with disruption of routine and/or catch-up immuni-
zations, including HPV, tetanus, diphtheria, and pertussis, that
are normally given at schools. School closures also have had an
indirect impact on health care, with health-care workers
unavailable to work because of the need to care for their chil-
dren (72). Catch-up immunization campaigns and community
outreach programs will therefore be needed to ensure children
and adolescents are protected from vaccine-preventable dis-
eases. A multi-age cohort HPV vaccination may be able to over-
come the delayed vaccine introduction or uptake as long as the
vaccine access and supply issues are addressed.


Uptake of HPV Vaccination After COVID-19


The COVID-19 pandemic is causing disruptions to livelihoods
and threatening years of progress in health, education, and life
opportunities for children and adolescents worldwide. This is
particularly true for immunization programs, where this pan-
demic has exposed gross inequalities in health. For HPV vacci-
nation in particular, this is likely to lead to heightened
inaccessibility to the vaccine in many LLMICs, which will have
major consequences. The indirect effect of economic down-
turns as a result of COVID-19 will expose many families to ex-
treme poverty that may lead to increased risk of early marriage
and early sexual activity in LLMICs. Further, food insecurity and
starvation might trigger migration and vulnerability of girls (eg,
pressures to sell sex in some places). These factors all heighten
risks for sexually transmitted infections and HPV before any
catch-up vaccine becomes available.


In this context of escalating sexual and reproductive health
risks for girls, the uptake of HPV vaccination in LLMICs is a
pressing agenda (Figure 1). The following recommendations ad-
dress the major barriers to HPV vaccination that have worsened
as a result of the pandemic.


Increase the funding available for HPV vaccines to address high
vaccine and programmatic costs. This requires commitments from
both governments and the donor community with the engage-
ment of multilateral organizations such as WHO and alliances
such as Gavi, Pan American Health Organization, Program for
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Appropriate Technology in Health, United Nations, UNICEF, and
the World Bank.


Adjust HPV vaccine recommendations and schedules to address


HPV vaccine supply shortages. This requires accelerated progress
to a single-dose regime while awaiting results from randomized
controlled trials (anticipated in the next few years), delay in the
second vaccine dose, a focus on female-only vaccination in
single-age cohorts in countries planning to introduce HPV vac-
cine, and fast-track of WHO prequalification process for new
HPV vaccine candidates.


Provide education and social marketing of the HPV vaccine in local


contexts to address low community awareness and unfavorable atti-


tudes toward HPV vaccine. National governments, with the sup-
port of UN agencies, and working with young people and their
families, should develop strategies to educate and address vac-
cine hesitancy and fears, as well as increase awareness about
HPV and HPV-associated diseases.


Make schools the primary delivery platform for the delivery of the


HPV vaccine. For most countries, retention rates to the end of pri-
mary school are very high so that school-based vaccination
could provide close to universal coverage. For those countries
with lower retention rates, complementary community-based
delivery will be needed.


Conclusions


Although a comprehensive approach of prevent, screen, and
treat is needed to eliminate cervical cancer within the lifetime
of today’s girls, HPV vaccination will have the greatest long-
term impact. The tools to achieve this are within the reach of
the global health community. Taking HPV vaccination to scale
presents an unparalleled opportunity for health gain while
working toward one of the Sustainable Development Goals 2030
(to reduce premature mortality from noncommunicable dis-
eases by one-third through prevention and treatment).
Furthermore, HPV vaccination prevents not only a majority of
cervical cancers but also a large proportion of other HPV-related
anogenital cancers (ie, vulva, vagina, penile, and anal) and
some oropharyngeal cancers, as well as anogenital warts. With
the pandemic, gains in HPV vaccine from the global health com-
munity and governments are pressing. A failure to act will lead
to countless avoidable cases of HPV-associated disease and
deaths as well as consuming billions of treatment dollars that
could otherwise be diverted to health problems where preven-
tion is not yet possible.
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Antigen Age of 1st Dose
Doses in Primary 


Series (min interval 
between doses)**


Interrupted 
primary 


series***


Doses for those who start vaccination late
BoosterIf ≤ 12 months of 


age If > 12 months of age


Recommendations for all immunization programmes


BCG 1 As soon as possible after birth 1 dose NA 1 dose 1 dose Not recommended


Hepatitis B 2 As soon as possible after birth (<24h) Birth dose <24 hrs plus 2-3 
doses with DTPCV (4 weeks)


Resume without 
repeating previous 


dose
3 doses 3 doses Not recommended


Polio 3


bOPV + IPV
bOPV 6 weeks


IPV 14 weeks


5
(3 bOPV and 2 IPV)


Resume
 without repeating 


previous dose


5 doses (if >3 months old 
IPV to be given with 1st & 


3rd dose of bOPV)


5 doses (IPV to be given with 1st 
dose & 3rd dose of bOPV) Not recommended


IPV / bOPV Sequential 8 weeks (IPV 1st) 1-2 doses IPV and
2 doses bOPV (4 weeks)


Resume without 
repeating previous 


dose


1-2 doses IPV and 2 doses
bOPV 1-2 doses IPV and 2 doses bOPV Not recommended


IPV 8 weeks 3 doses (4 weeks)
Resume without 


repeating previous 
dose


3 doses 3 doses
If the primary series begins < 2 months 


of age, booster to be given at least 6 
months after the last dose


DTP-containing vaccine (DTPCV) 4 6 weeks (min) 3 doses (4 weeks)
Resume without 


repeating previous 
dose


3 doses


3 doses with interval of at least 4 
weeks between 1st & 2nd dose, 
and at least 6 mos between 2nd 


& 3rd dose


 (if > 7 yrs use only aP containing 
vaccine; if > 4 yrs Td containing 
vaccine is preferred and should 


only be used for >7 yrs)


3 boosters: 12-23 months (DTP-
containing vaccine); 4-7 years (Td/DT 
containing vaccine), see footnotes; and 
9-15 yrs (Td containing) (if > 7 yrs use


only aP containing vaccine)


If tetanus vaccination started during 
adolescence or adulthood only 5 doses 


required for lifelong protection


Haemophilus 
influenzae type b 5


Option 1


6 weeks (min)


3 doses (4 weeks) Resume without 
repeating previous 


dose


3 doses 1 dose
>5 yrs not recommended if


healthy


None


Option 2 2-3 doses (8 weeks if 2
doses; 4 weeks if 3 doses) 2-3 doses At least 6 months (min) after last dose


Pneumococcal (Conjugate) 6 6 weeks (min)


3 doses (3p+0) with DTPCV 
(4


weeks)
or 2 doses (2p+1) (8 weeks)


Resume without 
repeating previous 


dose
2-3 doses 1-5 yrs at high-risk: 2 doses


Booster at 9-18 months if 
following 2 dose schedule
Another booster if HIV+ 


or preterm neonate
Vaccination in older adults


Rotavirus 7 6 weeks (min) 2 or 3 depending on product 
given with DTPCV


Resume without 
repeating previous 


dose
2 or 3 depending on product >24 months limited benefit Not recommended if > 24 months old


Measles 8 9 or 12 months
(6 months min, see footnote) 2 doses (4 weeks)


Resume without 
repeating previous 


dose
2 doses 2 doses Not recommended


Rubella 9 9 or 12 months 1 dose with measles 
containing vaccine NA 1 dose 1 dose Not recommended


HPV 10 As soon as possible from 9 years of 
age (females) 2 doses (5 months)


If 1st dose given 
before 15 years of 


age resume without 
repeating previous 


dose


NA Girls: 9-14 years 2 doses
(see footnote) Not recommended


Table 3: Recommendations* for Interrupted or Delayed Routine Immunization - Summary of WHO Position Papers


* For some antigens the WHO position paper does not provide a recommendation on interrupted or delayed schedules at this present time.  When the position paper is next revised this will be included.  In the meantime, some of the recommendations are based on
expert opinion.
** See Table 2: Summary of WHO Position Papers - Recommended Routine Immunizations for Children for full details (www.who.int/immunization/documents/positionpapers/).
*** Same interval as primary series unless otherwise specified. 
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Antigen Age of 1st Dose
Doses in Primary 


Series (min interval 
between doses)**


Interrupted primary 
series***


Doses for those who start vaccination late
Booster Dose


If ≤ 12 months of age If > 12 months of age


Recommendations for certain regions


Japanese 
Encephalitis 11


Inactivated Vero cell-
derived vaccine 6 months 2 (4 weeks) generally Resume without repeating 


previous dose 2 doses (generally) 2 doses (generally)


Not recommended
Live attentuated 8 months 1 NA 1 dose 1 dose


Live recombinant vaccine 9 months 1 NA 1 dose 1 dose


Yellow Fever 12 9-12 months 1 dose with measles 
containing vaccine NA 1 dose 1 dose Not recommended


Tick-Borne 
Encephalitis 13


FSME-Immun & Encepur ≥ 1 yr 3 doses (1st to 2nd 1-3 
mos; 2nd to 3rd 12 mos)


Resume without repeating 
previous dose 3 doses 3 doses At least 1 booster


TBE_Moscow & EnceVir ≥ 3  yr 3 doses (1st to 2nd 1-7 
mos; 2nd to 3rd 12 mos)


Resume without repeating 
previous dose 3 doses 3 doses Every 3 years


Recommendations for some high-risk populations


Typhoid 14


TCV-Typbar >6 months 1 dose NA 1 dose 1 dose


Vi PS 2 years (min) 1 dose NA Not recommended 1 dose Every 3 years


Ty21a Capsules 5 years (min) (see footnote) 3-4 doses (1 day)
(see footnote)


If interruption between 
doses is < 21 days resume 
without repeating previous 
dose; If > 21 days restart 


primary series


Not recommended > 5 yrs: 3-4 doses Every 3-7 years


Cholera 15
Dukoral (WC-rBS) 2 years (min)


2-5 yrs: 3 doses


≥ 6 yrs: 2 doses
(≥ 7 days)


If interval since last dose ≥ 6 
weeks restart primary series Not recommended


2-5 yrs: 3 doses


> 6 yrs: 2 doses


2-5 yrs: every 6 months. If booster is 
delayed > 6 months the primary series 


must be repeated.


>6 yrs: every 2 years. If booster is 
delayed > 2 yrs the primary series 


must be repeated.


Shanchol, Euvchol and 
mORCVAX 1 year (min) 2 doses (2 weeks) Resume without repeating 


previous dose Not recommended 2 doses After 2 years


Meningococcal 16


MenA conjugate (5µg) 9-18 months 1 NA  2 doses if < 9 months with 8 
week interval 1 dose of 5µg up to 24 months Not recommended


MenC conjugate
2-11 months 2 (8 weeks min) Resume without repeating 


previous dose 2 doses 1 dose 2-11 months of age after 1 year


>12 months 1 NA


Quadrivalent conjugate
9-23 months 2 (12 weeks min) Resume without repeating 


previous dose 2 doses 1 dose


≥ 2 years 1 NA


Hepatitis A 17 1 year (min) At least 1 dose Not recommended At least 1 dose Not recommended


Rabies 18 As required 2 (1st to 2nd 7 days) Resume without repeating
previous dose; 2 doses 2 doses


Only if occupation puts a frequent or
continual risk of exposure, titres 


should be tested if possible


Dengue ( CYD-TDV) 19 9 years (min) 3 doses (6 months) Resume without repeating 
dose Not recommended 3 doses ≥ 9 years Not recommended


Recommendations for immunization programmes with certain characteristics


Mumps 20 12-18 months 2 doses with measles 
containing vaccine (4 weeks)


Resume without repeating 
previous dose Not recommended 2 doses Not recommended


Seasonal influenza (inactivated tri- and qudri-
valent) 21  6 months (min) < 9 yrs: 2 doses (4 weeks)


≥ 9 yrs: 1 dose
Resume without repeating 


previous dose 2 doses < 9 yrs: 2 doses
≥ 9 yrs: 1 dose Revaccinate annually 1 dose only


Varicella 22 12-18 months 1-2 (4 weeks – 3 months, 
depending on manufacturer)


Resume without repeating 
previous dose Not recommended 1-2 doses


Table 3: Recommendations* for Interrupted or Delayed Routine Immunization Summary of WHO Position Papers (Updated
November 2021)
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• The attached table summarizes the WHO recommendations for interrupted or delayed routine 
vaccination.  Its purpose is to assist national decision-makers and programme managers to 
develop appropriate policy guidance in relation to their national immunization schedule.


• This table is designed to be used together with two other summary tables - Table 1: Summary 
of WHO Position Papers - Recommendations for Routine Immunization; and Table 2: Summary 
of WHO Position Papers - Recommended Routine Immunization for Children.


• Vaccines can generally be co-administered (i.e. more than one vaccine given at different 
sites during the same visit).  Recommendations that explicitly endorse co-administration are 
indicated in the footnotes. Lack of an explicit co-administration recommendation is often due to 
a lack of evidence and does not necessarily imply that the vaccine cannot be co-administered. 
Exceptions to co-administration are stated.


• Refer to http://www.who.int/immunization/positionpapers/ for the most recent version of this 
table (and Tables 1 and 2) and position papers.


• Position paper reference: Weekly Epid. Record (2017, 92:369-392)  [pdf 660KB]


• BCG vaccination is recommended for unvaccinated TST- or IGRA-negative older children, 
adolescents and adults from settings with high incidence of TB and/or high leprosy burden and 
those moving from low to high TB incidence/ leprosy burden settings.


1 BCG


2 Hepatitis B
• Position paper reference: Weekly Epid. Record (2017, 92:369-392) [pdf 2.4MB]


• In general, the dose for infants and children (aged < 15 years) is half the recommended adult 
dose.


• Co-administration of HepB vaccine does not interfere with the immune response to any other 
vaccine and vice versa.


• If delayed or interrupted scheduling of vaccination for children, adolescents and adults, 3 doses 
are recommended, with the second dose administered at least 1 month after the first, and the 
third dose 6 months after the first dose.  If the vaccination schedule is interrupted it is not 
necessary to restart the vaccine series.


3 Polio
•	 A	revised	Polio	Vaccine	Position	Paper	is	forthcoming	in	2022. Position paper reference: Weekly 


Epid. Record (2016, 9:145-68)[pdf 611KB] and Meetings of the Strategic Advisory Group of 
Experts on immunization: Conclusions and Recommendations. Weekly Epid. Record (2021, 
96:133-144) [pdf 448KB], Weekly Epid. Record (2020, 95: 585 - 607) [pdf 468.8Kb], Weekly 
Epid. Record (2020, 95: 241-256) [pdf 480.8Kb] 


OPV plus IPV


• All countries that currently administer three bOPV and one IPV dose should add a 2nd IPV dose 
in their routine immunization schedule. (Oct	2020	SAGE	Meeting	Report)


• Regardless of the 2 dose IPV schedule used, introduction of the second IPV dose does not 
reduce the number of bOPV doses (three) used in the routine immunization schedule. (Oct	2020	
SAGE	Meeting	Report)


Summary Table 3 - Notes • The preferred schedule is to administer the first IPV dose at 14 weeks of age (with DTPCV3/ 
Penta3), and to administer the second IPV dose at least 4 months later (possibly coinciding 
with other vaccines administered at 9 months of age). This schedule provides the highest 
immunogenicity and may be carried out using full dose IPV or fractional intradermal IPV (fIPV) 
without loss of immunogenicity. (Oct	SAGE	2020	Meeting	Report). Sabin-IPV (sIPV) may be 
used interchangeably with wIPV, but sIPV is not recommended to be used as a fractional dose 
due to current lack of evidence. (March	2021	SAGE	Meeting	Report)


• Based on local epidemiology, programmatic implications and feasibility of delivery, countries 
may choose an alternative early IPV schedule starting with the first dose at 6 weeks of age 
(with DTP1/Penta1) and the second dose at 14 weeks (with DTPCV3/Penta3). This alternative 
schedule offers the advantage of providing early-in-life protection; however, there is a lower 
total immunogenicity achieved. If this schedule is chosen, full dose IPV (for both wIPV and sIPV) 
should be used rather than fIPV due to lower immunogenicity of fIPV at early ages. (Oct	2020	
SAGE	Meeting	Report)


• In polio-endemic countries and in countries at high risk for importation and subsequent spread 
of poliovirus, WHO recommends a bOPV birth dose (zero dose) followed by a primary series of 
3 bOPV doses and at least 2 IPV doses. (2016	PP;	adjusted	for	2	IPV	doses)


• The zero dose of bOPV should be administered at birth, or as soon as possible after birth, to 
maximize seroconversion rates following subsequent doses and to induce mucosal protection. 
(2016	PP)


• Both OPV and IPV may be co-administered concurrently and both may be given with other 
infant vaccines. (2016	PP)


• For infants starting the routine immunization schedule late (age >3 months) the IPV dose should 
be administered at the first immunization contact along with bOPV and the other routinely 
recommended vaccines. (2016	PP)


• The implementation of 3 bOPV doses + 2 IPV doses does not replace the need for supplementary 
immunization activities (SIAs). (2016	PP)


• Countries that delayed the introduction of IPV or experience stock-outs should provide catch-up 
vaccination to all children who were missed as soon as the vaccine becomes available. (2016	
PP)


Sequential IPV–OPV schedule


• In countries with high vaccination coverage (e.g. 90%–95%) and low importation risk 
(neighbouring countries and major population movement all having similarly high coverage) 
an IPV–bOPV sequential schedule can be used when VAPP is a significant concern. (2016	PP)


• The initial administration of 1 or 2 doses of IPV should be followed by ≥2 doses of bOPV to 
ensure both sufficient levels of protection in the intestinal mucosa and a decrease in the burden 
of VAPP. (2016	PP)


• For sequential IPV–bOPV schedules, WHO recommends that IPV be given at 2 months of age 
(e.g. a 3-dose IPV–bOPV–bOPV schedule), or at 2 months and 3–4 months of age (e.g. a 
4-dose IPV–IPV–bOPV–bOPV schedule) followed by at least 2 doses of bOPV. Each of the doses 
in the primary series should be separated by 4–8 weeks depending on the risk of exposure to 
poliovirus in early childhood. (2016	PP)


IPV-only schedule


• In the current epidemiological context and as a general principle, SAGE expressed the need for 
regions or countries to be cautious about moving from a bOPV + IPV schedule to an IPV- only 
schedule in their routine immunization programmes and recommended that instead they take 
a gradual approach, by first introducing a second dose of IPV into their routine immunization 
schedules. (March	2020	SAGE	Meeting	Report)


• An IPV-only schedule may be considered in countries with sustained high vaccination coverage 
and very low risk of both WPV importation and transmission. (2016	PP)


Table 3: Recommendations for Interrupted or Delayed Routine Immunization (Updated November 2021)
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5 Haemophilus	influenzae type b (Hib)
• Position paper reference: Weekly Epid. Record (2013, 88: 413-428) [pdf 209KB]


• The number of primary doses should be set after consideration of the local epidemiology, vaccine 
presentation (Hib conjugate monovalent vaccine versus Hib conjugate vaccine in combination 
with other antigens) and how this fits into the overall routine immunization schedule.


• If the vaccination course has been interrupted, the schedule should be resumed without 
repeating the previous dose. Children who start vaccination late, but are aged under 12 months, 
should complete the vaccination schedule (e.g. have 3 primary doses or 2 primary doses plus 
a booster).


• When a first dose is given to a child older than 12 months of age, only one dose is recommended.


• Hib vaccine is not required for healthy children after 5 years of age.


4 DTP-containing vaccines (Diphtheria, Tetanus and Pertussis)
• Position paper reference: Diphtheria - Weekly Epid. Record (2017, 92:417-436) [pdf 526KB];


• Tetanus - Weekly Epid. Record (2017, 92: 53-76) [pdf 636KB]; Pertussis -  Weekly Epid. Record 
(2015, 90: 433-460)  [pdf 667KB]


• If either the start or the completion of the primary series has been delayed, the missing doses 
should be given at the earliest opportunity with an interval of at least 4 weeks between doses.


• 3 booster doses of diphtheria toxoid-containing vaccine should be provided during childhood 
and adolescence. The diphtheria booster doses should be given in combination with tetanus 
toxoid using the same schedule, i.e at 12–23 months of age, 4–7 years of age, and 9–15 years 
of age, using age-appropriate vaccine formulations. Ideally, there should be at least 4 years 
between booster doses.


• Tetanus - To ensure lifelong protection against tetanus all people should receive 6 doses (3 
primary plus 3 booster doses) of tetanus toxoid-containing vaccine (TTCV) through routine 
childhood immunization schedules.


• If tetanus vaccination is started during adolescence or adulthood, a total of only 5 appropriately 
spaced doses are required to obtain lifelong protection.


• To provide and sustain both tetanus and diphtheria immunity throughout the life course and for 
both sexes, age-appropriate combinations of tetanus and diphtheria toxoids should be used. For 
children <7 years of age DTwP or DTaP combinations may be used. For children aged 4 years 
and older Td containing vaccine may be used and is preferred.


• From 7 years of age only Td combinations should be used. Age-appropriate combinations 
containing pertussis vaccine with low-dose diphtheria antigen are also available.


• Pregnant women and their newborn infants are protected from birth-associated tetanus if the 
mother received either 6 TTCV doses during childhood or 5 doses if first vaccinated during 
adolescence/adulthood (documented by card, immunization registry and/or history) before the 
time of reproductive age. Vaccination history should be verified in order to determine whether 
a dose of TTCV is needed in the current pregnancy.


• Pertussis vaccine: Only aP-containing vaccines should be used for vaccination of persons aged 
≥7 years.


• Pertussis containing booster: A booster dose is recommended for children aged 1–6 years, 
preferably during the second year of life (≥6 months after last primary dose), unless otherwise 
indicated by local epidemiology; the contact could also be used to catch up on any missed doses 
of other vaccines. This schedule should provide protection for at least 6 years for countries 
using wP vaccine. For countries using aP vaccine, protection may decline appreciably before 6 
years of age.


• Delayed or interrupted DTP-containing series: For children whose vaccination series has been 
interrupted, the series should be resumed without repeating previous doses. Children aged 1 to 
< 7 years who have not previously been vaccinated should receive 3 doses of vaccine following 
a 0, 1, 6 month schedule. Two subsequent booster doses using Td or Tdap combination vaccines 
are needed with an interval of at least 1 year between doses.


6 Pneumococcal (Conjugate)
• Position Paper Reference: Weekly Epid. Record (2019, 94: 85-104) [pdf 444KB]


• For administration of PCV to infants, WHO recommends a 3-dose schedule administered either 
as 2p+1 or as 3p+0, starting as early as 6 weeks of age. 


• If the 2p+1 schedule is selected, an interval of ≥8 weeks is recommended between the 2 primary 
doses the booster dose should be given at 9–18 months of age, according to programmatic 
considerations; there is no defined minimum or maximum interval between the primary series 
and the booster dose. 


• If the 3p+0 schedule is used, a minimum interval of 4 weeks should be maintained between 
doses.


• Interrupted schedules should be resumed without repeating the previous dose.


• If a series cannot be completed with the same type of vaccine, the available PCV product should 
be used.  Restarting a series is not recommended, even for the primary series.


• Wherever possible, catch-up vaccination at the time of introduction of PCV should be used to 
accelerate its impact on disease in children aged 1–5 years, particularly in settings with a high 
disease burden and mortality. If there is limited availability of vaccine or of financial resources 
for catch-up vaccination, the youngest children (e.g. < 2 years of age) should be prioritized to 
receive catch-up doses of PCV because of their higher risk for pneumococcal disease. 


• Catch-up vaccination can be done with a single dose of vaccine for children ≥24 months


• Unvaccinated children aged 1–5 years who are at high risk for pneumococcal infection because 
of underlying medical conditions, such as HIV infection or sickle-cell disease, should receive at 
least 2 doses separated by at least 8 weeks.


• WHO does not currently have recommendations on the use of PCV in individuals over 5 years 
of age.


Table 3: Recommendations for Interrupted or Delayed Routine Immunization (Updated November 2021)
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• Position paper reference: Weekly Epid. Record (2013, 88: 49-64) [pdf 950KB]


• Early immunization is favoured with the first dose of rotavirus vaccine to be administered from 
6 weeks of age, however, in order to benefit those who may come late infants can receive 
doses without age restriction. Because of the typical age distribution of rotavirus gastroenteritis 
(RVGE), rotavirus vaccination of children >24 months of age is not recommended.


• Regardless of the duration of delay, interrupted schedules should be resumed as soon as 
possible without repeating previous doses.


• Rotavirus vaccinations can be administered simultaneously with other vaccines in the infant 
immunization programme.


7 Rotavirus


9 Rubella
• Position paper reference: Weekly Epid. Record (2020, 86: 301-316) [pdf 413KB]


• Because rubella is not as highly infectious as measles and because the effectiveness of 1 dose 
of an RCV is > 95% even at 9 months of age, only 1 dose of rubella vaccine is required to 
achieve rubella elimination if high coverage is achieved. However, when combined with measles 
vaccination, it may be easier to implement a second dose of RCV’s using the same combined 
MR vaccine or MMR vaccine for both doses.


• RCV’s can be administered concurrently with inactivated vaccines. As a general rule, live vaccines 
should be given either simultaneously with RCV’s, or at least 4 weeks apart. An exception to this 
is oral polio vaccine, which can be given at any time before or after RCV’s without interfering in 
the response to either vaccine.


• Interference may occur between MMR and yellow fever vaccines if they are simultaneously 
administered to children < 2 years of age.


• Because of a theoretical, but never demonstrated, teratogenic risk rubella vaccination in 
pregnant women should be avoided in principle, and those planning a pregnancy are advised to 
avoid pregnancy for 1 month following vaccination.


• Administration of blood or blood products before or shortly after vaccination may interfere with 
vaccine efficacy. If using only rubella vaccines persons who received blood products should wait 


• Position paper reference: Weekly Epid. Record (2017, 92:205-228) [pdf 600KB].


• Reaching all children with 2 doses of measles vaccine should be the standard for all national 
immunization programmes. In addition to the first routine dose of MCV1, all countries should 
add a second routine dose of MCV2 to their national immunization schedules regardless of the 
level of MCV1 coverage.


• Regardless of the duration of delay, interrupted schedules should be resumed as soon as 
possible without repeating previous doses.


• Because many cases of measles occur in children aged >12 months who have not been 
vaccinated, routine delivery of MCV1 should not be limited to infants aged 9–12 months 
and routine delivery of MCV2 should not be limited to infants 15 to 18 months of age. Every 
opportunity (e.g. when children come into contact with health services) should be taken to 
vaccinate all children that missed one or both MCV routine doses, particularly those under 15 
years of age. Policies which prohibit use of vaccine in children >1 year of age, older children and 
teenagers should be changed to allow these individuals to be vaccinated.


• The minimum interval between MCV1 and MCV2 is 4 weeks.


8 Measles


at least 3 months before vaccination and, if possible, blood products should be avoided for up 
to 2 weeks post-vaccination. Vaccinated persons are not eligible to donate blood for 1 month 
after vaccination.


10 Human Papillomavirus (HPV)
• Position paper reference: Weekly Epid. Record (2017, 92:241-268) [pdf 2.9MB].


• Recommended target population for the prevention of cervical cancer: females aged 9–14 
years, prior to becoming sexually active.


• A 2-dose schedule with a 6-month interval between doses is recommended for individuals 
receiving the first dose before 15 years of age. Those aged ≥15 years at the time of the second 
dose are also adequately covered by 2 doses.


• If the interval between doses is shorter than 5 months, then a third dose should be given at 
least 6 months after the first dose.


• A 3-dose schedule (0, 1-2, 6 months) should be used for all vaccinations initiated ≥15 years 
of age, including in those younger than 15 years know to be immunocompromised and/or HIV 
infected (regardless of whether they are receiving antiretroviral therapy). It is not necessary to 
screen for HPV infection or HIV infection prior to HPV vaccination.


• All three HPV vaccines can be co-administered with other live and non-live vaccines using 
separate syringes and different injection sites.


• Regardless of the duration of delay, interrupted schedules should be resumed as soon as 
possible without repeating previous doses.


• Position paper reference: Weekly Epid. Record (2015, 90: 69-88) [pdf 950 KB].


• The following vaccine dosing schedules and age of administration are recommended. The need 
for a booster dose in endemic settings has not been clearly established for any of the vaccines 
listed below:


              • Inactivated Vero cell-derived vaccine: Primary series according to manufacturer’s               
  recommendations (these vary by product), generally 2 doses at 4-week intervals starting  
  the primary series at ≥6 months of age in endemic setting


 • Live attenuated vaccine: Single dose administered at ≥8 months of age


 • Live recombinant vaccine: Single dose administered at ≥9 months of age


• Despite a lack of comprehensive immunogenicity/effectiveness and safety data for all possible 
combinations of JE and other routine vaccines, co-administration for programmatic reasons 
seems acceptable, even in the context of mass campaigns.


• Regardless of the duration of delay, interrupted schedules should be resumed as soon as 
possible without repeating previous doses.


11 Japanese Encephalitis (JE)


Table 3: Recommendations for Interrupted or Delayed Routine Immunization (Updated November 2021)
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12 Yellow Fever
• Position paper reference: Weekly Epid. Record (2013, 88: 269-284) [pdf 1.24MB]


• A single dose of YF vaccine is sufficient to confer sustained life-long protective immunity against 
YF disease; a booster dose is not necessary.


• The vaccine is contraindicated in children aged < 6 months and is not recommended for those 
aged 6-8 months, except during epidemics when the risk of infection with the YF virus is very 
high. Other contraindications for YF vaccination are severe hyper-sensitivity to egg antigens and 
severe immunodeficiency.


• YF vaccine may be administered simultaneously with other vaccines


• Position paper reference: Weekly Epid. Record (2011, 86: 241-256) [pdf 318KB]


• Regardless of the duration of delay, interrupted schedules should be resumed as soon as 
possible without repeating previous doses.


13 Tick-Borne Encephalitis (TBE)


14 Typhoid
• Position paper reference: Weekly Epid. Record (2018, 93: 153-172) [pdf 297KB].


• TCV is recommended for infants and children from 6 months of age and in adults up to 45 years. 
Administration of TCV at the same time as other vaccine visits at 9 month of age or in the second 
year of life is encouraged. ViPS – single dose from 2 years of age. Ty21a is recommended as 
3-doses to be administered orally every second day from 6 years of age.


• Regardless of the duration of delay, interrupted schedules should be resumed as soon as 
possible without repeating previous doses.


• Typhoid vaccination is recommended in response to confirmed outbreaks of typhoid fever and 
may be considered in humanitarian emergency settings depending on the risk assessment in 
the local setting.


• The potential need for revaccination with TCV is currently unclear. Revaccination is recommended 
every 3 years for ViPS, and every 3-7 years for Ty21a.


15 Cholera
• Position paper reference: Weekly Epid. Record (2017, 92:477-500) [pdf 676KB]


• Regardless of the duration of delay, interrupted schedules should be resumed as soon as 
possible without repeating previous doses.


• Revaccination is recommended where there is continued risk of V.	cholerae infection. For WC 
vaccines revaccination is recommended after 3 years. For WC-rBS vaccine: children age 2-5 
years revaccination is recommended within 6 months. If less than 6 months have passed, 1 
dose for revaccination. If more than 6 months have passed, the primary series of 3 doses 
should be repeated. For those aged ≥6 years of age, if less than 2 years have passed, 1 dose 
for revaccination. If more than 2 years have passed, the primary series of 2 doses should be 
repeated.


• For control of cholera outbreaks vaccination should be considered to help prevent the spread 
to new areas. For vaccination campaigns, a single-dose strategy using WC vaccines (Shanchol, 
Euvchol or mORCVAX) could be considered in areas experiencing cholera outbreaks.


16 Meningococcal
• Position paper reference: Weekly Epid. Record (2011, 86: 521-540) [pdf 1.1MB] and Update for 


MenA conjugate Weekly Epid Record (2015, 90: 57-68) [pdf 852KB]


• MenA conjugate vaccine (5µg) a 1-dose schedule is recommended at 9-18 months of age based 
on local programmatic and epidemiologic considerations. 


• There is no reason to expect interference when co-administered with other vaccines. The need 
for a booster dose has not been established.


• If in a specific context there is a compelling reason to vaccinate infants younger than 9 months, 
a 2-dose schedule should be used starting at 3 months of age, with an interval of at least 8 
weeks between doses.


• For monovalent MenC conjugate vaccine one single intramuscular dose is recommended for 
children aged ≥12 months, teenagers and adults. Children 2-11 months require 2 doses 
administered at an interval of a least 2 months and a booster about 1 year after. 


• If the primary series is interrupted, vaccination should be resumed without repeating the 
previous dose.


17 Hepatitis A
• Position paper reference: Weekly Epid. Record (2012, 87: 261-276) [pdf 1.24 MB]


• Inactivated HAV vaccine is licensed for intramuscular administration in a 2-dose schedule 
with the first dose given at the age of 1 year or older. The interval between the first and 
second dose is flexible (from 6 months up to 4-5 years) but is usually 6-18 months. Countries 
may consider a 1-dose schedule as this option seems comparable in terms of effectiveness, 
and is less expensive and easier to implement. However, in individuals at substantial risk of 
contracting hepatitis A and in immunocompromised individuals, a 2-dose schedule is preferred. 
Inactivated HAV vaccines produced by different manufacturers, including combined hepatitis A 
vaccines, are interchangeable. Apart from severe allergic reaction to the previous dose, there 
is no contraindication to their use. These vaccines can be co-administered simultaneously with 
other routine childhood vaccines, and should be considered for use in pregnant women at 
definite risk of HAV infection.


• Live attenuated HAV vaccine is administered as a single subcutaneous dose to those ≥ 1 year 
of age. Severe allergy to components included in the live attenuated hepatitis A vaccine is a 
contraindication to their use. As a rule, live vaccines should not be used in pregnancy or in 
severely immunocompromised patients. There is no information available on co-administration 
of live attenuated hepatitis A vaccines with other routinely used vaccines.


18 Rabies
• Position paper reference: Weekly Epid. Record (2018, 93: 201-220) [pdf 370 KB].


• If any doses are delayed, vaccination should be resumed, not restarted. A change in the route of 
administration or in vaccine product during a PEP or PrEP course is acceptable if such a change 
is unavoidable.


Table 3: Recommendations for Interrupted or Delayed Routine Immunization (Updated November 2021)
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20 Mumps
• Position paper reference: Weekly Epid. Record (2007, 82: 49-60) [pdf 311KB]


• In countries that decide to use mumps vaccine, the combination of mumps vaccine with measles 
and rubella vaccines is recommended.


• Regardless of the duration of delay, interrupted schedules should be resumed as soon as 
possible without repeating previous doses.


19 Dengue (CYD-TDV)
• Position paper reference: Weekly Epid. Record (2108, 93, 457-76) [pdf 513KB].


• CYD-TDV is recommended as a 3-dose series given 6 months apart. Should a vaccine dose be 
delayed for any reason, it is not necessary to restart the course and the next dose in the series 
should be administered as soon as possible.


21 Seasonal Influenza (Inactivated Vaccine)
• Position paper reference: Weekly Epid. Record (2012, 87: 461-476) [pdf 1.9 MB]


• Previously unvaccinated children aged <9 years should receive 2 doses administered at least 4 
weeks apart. Children aged 6–35 months should receive a paediatric dose.


• If previously vaccinated, children require only one-dose.


• A single dose of the vaccine is appropriate for children aged ≥9 years and healthy adults.


• Annual vaccination (or re-vaccination, if the vaccine strains are identical) is recommended, 
particularly for high-risk groups.


22 Varicella
• Position paper reference: Weekly Epid. Record (2014, 89: 265-288) [pdf 889KB] 


• Varicella vaccine can be administered concomitantly with other vaccines. Unless given together 
with other live viral vaccines (measles, MR, MMR), it should be administered at a minimum 
interval of 28 days.


• Regardless of the duration of delay, interrupted schedules should be resumed as soon as 
possible without repeating previous doses.


Table 3: Recommendations for Interrupted or Delayed Routine Immunization (Updated November 2021)
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SAGE SESSION  


Hepatitis A vaccination 


Purpose of session 


The purpose of this session is to update the SAGE recommendations on the use of hepatitis A 


vaccine (2012 Vaccine position paper). This update will be based on : 


- the accrued data on the global prevalence and burden of disease caused by hepatitis A virus


infection, including outbreaks since 2012.


- the review of latest available data on efficacy, effectiveness, duration of protection, schedules,


safety, and cost-effectiveness of internationally available hepatitis A vaccines, considering all dosing


and schedules in particular single dose schedules of inactivated vaccine.


The outcome will be a 2022 update of the Hepatitis A vaccine position paper. 


Background description 


SAGE secretariat in agreement with SAGE decided to establish in August 2020 a Working Group to 


prepare a revision of the 2012 Hepatitis A Vaccine Position Paper and examine, in particular, the 


evidence generated by the one dose use. Limited evidence regarding single dose immunization for 


hepatitis A was available at the time of preparation of the 2012 WHO position paper. Only two trials 


were considered, one from Nicaragua and the other from national use of a single-dose schedule of 


hepatitis A vaccine in Argentina . In 2012 SAGE concluded that national programmes may consider a 


single-dose schedule, although additional evidence of long-term immunogenicity was needed.  


Since 2012 there has been an expansion of single dose national programmes and further 


epidemiologic data are available to support the use of such programmes.  


The SAGE WG based on an externally commissioned systematic review examined the evidence, 


mainly on long term protection and seroprotection accrued since 2012 to propose revised 


recommendation for use of hepatitis A vaccines. The SAGE Hep A WG met around 15 times over the 


past 18 months. 


The critical questions that were agreed to base the systematic review on were the following: 


1) Are Hepatitis A vaccines safe (a) and effective (b) to prevent clinical disease and transmission of
infection (efficacy and effectiveness), and to confer seroprotection (immunogenicity)?


• Population: children (general population)
• Interventions: (i) Live attenuated vaccines (1 or 2 doses), (ii) Inactivated vaccines (2 doses),


(iii) Inactivated vaccines (1 dose)
• Comparator: No vaccine, inactive control or placebo (observational studies may not have a


comparator group)
• Outcomes: safety signals (a), hepatitis A related disease (severe and mild) -- direct (among


immunized people and indirect (among non-immunized people in the population) effect;
evidence of infection; seroprotection rate (b)


2) Do Hepatitis A vaccines confer long-term protection against hepatitis A related disease (a) or
seroprotection (b)?
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• Population: Children (general population) 
• Intervention: (i) Live attenuated vaccines, (ii) Inactivated vaccines (2 doses), (iii) Inactivated 


vaccines (1 dose) 
• Comparator: No vaccine, inactive control or placebo (observational studies may not have a 


comparator group) 
• Outcomes: Hepatitis A related disease (a); or seroprotection (b) 


 


The  2021 metanalysis and Grading of evidence and Evidence to recommendation tables were 


limited to a subset of the evidence review:  the comparison of single dose (inactivated or live 


attenuated vaccines)  vs two doses of inactivated vaccine with regards to long term protection 


(disease or seroprotection). 


Following its review of evidence and long-term protection data, the SAGE WG proposes for 


consideration by SAGE revised recommendations, and in particular more permissive language with 


regard to one dose use of inactivated vaccines.  
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Introduction 


SAGE secretariat in agreement with SAGE decided to establish in August 2020 a Working Group 
to prepare a revision of the 2012 Hepatitis A Vaccine Position Paper and examine, in particular, 
the evidence generated by the one dose use.  


The composition of the Working Group, based on an open call for applicants, is the following: 


SAGE Members 


• Rakesh Aggarwal (Chair of the working group) Jawaharlal Institute of Postgraduate 
Medical Education and Research, India. 


• Shabir Mahdi, University of the Witwatersrand, South Africa 
Experts 


• Zhijie An, Chinese Center for Disease Control and Prevention, China 
• Fuqiang Cui, Peking University, China 
• Manal Hamdy El-Sayed, Ain Shams University, Egypt 
• Jorge Enrique Gonzalez, National Administration for Laboratories and Institutes of Health, 


Argentina 
• Sema Mandal, Public Health England, UK 
• Kassiani Mellou, Hellenic Public Health Organization, Greece  
• Noele Nelson, Centers for Disease Control and Prevention, USA 
• Thomas Wierzba, Wake Forest School of Medicine, USA 


The secretariat included: Olufunmilayo Lesi, Melanie Marti, Shalini Desai, Christoph Steffen 
(WHO immunization and hepatitis programmes in WHO Headquarters), and colleagues from 
WHO Regional Offices, Julien Kabore (AFRO), Alba Vilajeliu (PAHO/AMRO) and Tigran 
Avagyan (WPRO).  


The working group met between Sept. 2020 and April 2022 via 16 teleconferences. An external 
systematic review has been prepared by external contractors, Nick Walsh and Johanna Torres, and 
support of Stephanie Curtis, to complement the 2012 review with the latest evidence available. 


Since the publication of the first WHO hepatitis A vaccine position paper in 2000, and the updated 
paper in 2012, there have been changes in the epidemiological features of hepatitis A virus (HAV) 
infection in several countries, increased supply of hepatitis A vaccines, and new evidence on their 
public health benefits and their potential for long-term protection.  


The updated systematic evidence review has focussed specifically on longer term follow up studies 
(3 to 7 years and > 7 year follow up) including efficacy, effectiveness and safety data of multidose 
and single dose regimens of inactivated and live attenuated hepatitis A vaccines in children or 
adults vaccinated during childhood. In addition, population impact, cost effectiveness and 
economic impact and outcomes of mathematical modelling were assessed. 


The evidence generated from the 2012 systematic review which also included adults, and 
examined short term efficacy, effectiveness, and safety data as well as studies on post exposure 
prophylaxis has also been considered in this update.   
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1 Epidemiology of hepatitis A virus infection  


Hepatitis A virus (HAV), an RNA virus, causes inflammatory liver disease that may progress to 
fulminant liver failure. HAV is transmitted primarily via the faecal/oral route through ingestion of 
contaminated food and water, or through direct contact with an infectious person, for example, 
contact with a case within a household. The incidence of hepatitis A correlates with socioeconomic 
indicators, and rates of HAV infection decrease with increasing income and with access to clean 
water and adequate sanitation.(1) There are two main sources of information used to estimate the 
disease burden of HAV infection: (i) serological surveys estimating the prevalence of past 
infections, and (ii) reporting systems estimating the morbidity or mortality from acute hepatitis A 
disease.(2) In line with the classification used in in the 2012 Hepatitis A Vaccine Position Paper 
(3), levels of endemicity have been classified based on seroprevalence as: high (≥90% by age 10 
years); intermediate (≥50% by age 15 years with <90% by age 10 years); low (≥50% by age 30 
years with <50% by age 15); and very low (<50% by age 30 years).  


Serological prevalence surveys are based on detection of anti-HAV immunoglobulin G (IgG) 
antibodies. Estimating the seroprevalence by age enables indirect measurement of age-specific 
incidence rates of infection and is the best way to describe the hepatitis A epidemiological situation 
through the midpoint of population immunity (AMPI) in a country.(4) The seroprevalence by age 
gives a measurement of the susceptibility of each age group to new infections and is useful to 
understand the concept of transition, i.e. shifting of risk of infection to older age groups that have 
not been infected in childhood, and who are at a higher risk of symptomatic and/or severe disease. 
To estimate the national burden of disease associated with hepatitis A, countries may choose to 
assess data from vital registration systems, acute disease surveillance, and health information 
systems capturing fulminant disease and/or causes of liver transplantation. Such information is 
important to identify individuals and groups at high risk for the disease, requiring prophylactic 
measures. 


In 2019,  there were an estimated 159 million acute hepatitis A virus infections, resulting in 39 000 
deaths and 2.3 million disability-adjusted life years (5). The burden of disease in 2019 was not 
equally distributed worldwide. Overall, 66% of acute hepatitis A cases and 97% of hepatitis A 
deaths occurred in low-income  and low-middle-income countries. In absolute numbers, South-
East Asia Region of WHO had the greatest number of hepatitis A cases (42 million) and deaths 
(23 711; 60% of the total number of deaths). In terms of rates, hepatitis A disease incidence was 
the highest in the African Region (3 714 infections per 100 000 population per year) and hepatitis 
A-related mortality was the highest in South-East Asia (1.18 deaths per 100 000 population per 
year).  


The Global Burden of Disease Study (GBDS) estimates that hepatitis A cases worldwide increased 
by around 4% between 2010 and 2019, while hepatitis deaths decreased by 40% in the same 
interval (5). 


Serological prevalence profiles vary geographically.(1) In most low-income regions, including 
sub-Saharan Africa and parts of South Asia, the prevalence of anti-HAV antibodies in the 
population may exceed 90% by the age of 10 years. In those areas, exposure to HAV usually occurs 
before the age of 5 years, when most HAV infections are asymptomatic. As a result of infection 
and consequent induction of lifelong immunity, there are few susceptible adolescents and adults, 
and hence little symptomatic disease. Outbreaks are rare in these regions. At the same time, in 
almost all low-income countries, there is now an urban middle-class subpopulation with 
adolescents and adults who have not been HAV-infected as children and are at a high risk of 
symptomatic  HAV infection later in life. 
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In high-income regions (Western Europe, Australia, New Zealand, Canada, the United States, 
Japan, the Republic of Korea, and Singapore) the prevalence of anti-HAV antibody is very low 
(<50% are immune by age 30 years). In these regions, the high proportion of susceptible 
individuals among adults could theoretically allow transmission, but there is almost no circulation 
of the virus, except in particular risk groups, and the risk of acquiring HAV infection is low. HAV 
infections may occur in individuals or groups at particular high risk of HAV infection, such as 
unimmunized travellers to areas of high endemicity, men who have sex with men, injection drug 
users, occasionally in specific subpopulations and, of increasing importance, among the persons 
experiencing homelessness and persons who are incarcerated. However, foodborne outbreaks do 
occur, for example following ingestion of shellfish sourced from in sewage-polluted waters, or 
through contaminated fresh produce, such as vegetables or fruit. On rare occasions, mainly before 
appropriate donor screening and viral inactivation procedures were introduced, hepatitis A was 
associated with transfusion of blood and blood products (6).  


In most middle-income regions in Asia, Latin America, Eastern Europe, and the Middle East, 
surveys of anti-HAV antibodies in the population show a mix of intermediate and low prevalence. 
In these regions, where a substantial proportion of adolescents and adults are susceptible, HAV 
may circulate, often with regular community-wide outbreaks. HAV infection in adolescents and 
adults is associated with a higher rate of severe clinical manifestations. Thus, paradoxically, with 
the transition from high to intermediate endemicity, the average age at infection and hence the 
incidence of clinically significant hepatitis A increases.  


For example, in 1988, during a major outbreak in Shanghai, China, more than 300 000 individuals 
developed symptomatic HAV infection within a short time period. Over 8 000 of them required 
hospitalization and more than 90% of those hospitalized were aged between 20 and 40 years.(7) 
In some countries in transition, such as the Republic of Korea,(8) Argentina,(9) and Brazil,(10) 
HAV infection has become a leading cause of fulminant hepatic failure (FHF). In India, HAV was 
shown to be associated with up to 50% of all cases of FHF in children. The populations in middle-
income countries may benefit the most from large-scale HAV vaccination programmes (11). 
Vaccine effectiveness in paediatric populations at risk of hepatitis A has been demonstrated in 
several geographic regions worldwide for two-dose (12-16) and single dose schedules.(17-23).    


2 Virus and pathogenesis 


HAV is classified as a hepatovirus of the Picornaviridae family. It has a single-stranded, linear 
ribonucleic acid (RNA) genome. It is shed in faeces as naked non-enveloped virions but circulates 
in blood, cloaked in host membranes (24). Quasi-enveloped HAV (eHAV) virions are released 
from infected cells non-lytically as small extracellular vesicles (EVs), the membranes of which 
completely envelope and protect the capsid from neutralizing antibodies (25, 26). In terms of their 
size and density, these eHAV vesicles resemble ‘exosomes’, small EVs that mediate intercellular 
communication (27). 


Only a single serotype of HAV exists. The identification of several different HAV genotypes and 
sub-genotypes has significantly enhanced the ability to investigate hepatitis A outbreaks and define 
HAV transmission routes (28, 29). 


HAV is resistant to low pH and heat (60 ºC for 60 minutes) as well as to freezing temperatures. 
The virus can persist in faeces and soil for a prolonged period of time (29). 


Following ingestion, the eHAV may penetrate the gut mucosa, replicate in cells of the epithelial 
crypts, and reach the liver via the portal blood. HAV has a special tropism for hepatocytes, but is 
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non-cytopathic. HAV infection induces innate and adaptive immune response, which leads to an 
acute necro-inflammatory process in the liver, that normally resolves spontaneously without 
chronic sequelae (24). 


Since maximal faecal shedding generally precedes the onset of disease, HAV replication by itself 
does not cause hepatocellular injury. Early studies suggested that liver injury might result from a 
robust T cell response, as IFN--producing, virus-specific, cytotoxic CD8+ T cells have been 
identified in peripheral blood and liver of infected humans (30, 31). 


Transmission of HAV is associated with extensive shedding of the virus in faeces, as naked virus, 
particularly towards the end of the incubation period. Extended viraemia roughly parallels, at a 
lower magnitude, the shedding of naked virus in the faeces (29). 


3 Clinical manifestations and etiological diagnosis  


The incubation period of acute hepatitis A is usually 14–28 (up to 50) days. The clinical outcome 
is strongly correlated with age: while young children usually have asymptomatic infection, older 
children and adults commonly experience symptomatic disease (24, 32, 33). 


The clinical manifestations are those of acute viral hepatitis, indistinguishable from hepatitis 
caused by other viruses. Symptoms typically include malaise, fatigue, anorexia, vomiting, 
abdominal discomfort, diarrhoea and less commonly, fever, headaches, arthralgia and myalgia. 
Elevated levels of liver enzymes, the appearance of dark urine and sometimes clay-coloured stools 
and jaundice are characteristic manifestations of acute viral hepatitis. 


Ultimately, hepatitis A resolves completely in >99% of the cases, although relapse of symptoms 
has been reported in 3%–20% of clinical cases (34, 35). In contrast to hepatitis B and C, hepatitis 
A does not cause chronic liver disease. The estimated case-fatality ratio of hepatitis A varies with 
age and ranges from 0.1% among children <15 years of age to 0.3% among persons 15–39 years 
of age, and 2.1% among adults aged ≥40 years (36). Fulminant hepatitis is rare but associated with 
high mortality. In Argentina, 0.4% of paediatric cases developed fulminant hepatitis, of which 
60% were fatal (37). Immunosuppressed patients and patients with chronic liver disease are at 
increased risk of developing severe or fulminant hepatitis. 


Acute hepatitis A infection in pregnant women has been reported to be associated with an increased 
risk of preterm labour and gestational complications, such as an increase in incidence of birth of 
Small for Gestational Age infants (38, 39). 


Serological testing (IgM anti-HAV) is required to establish the etiological diagnosis of acute 
hepatitis A. IgM, IgG and IgA anti-HAV antibodies appear shortly before or concurrent with the 
onset of symptoms (40). Anti-HAV IgM antibodies are detectable in both symptomatic and 
asymptomatic patients; in symptomatic patients, these antibodies appear within 5–10 days of 
symptom onset, or at the early phase of liver enzyme increase, and persist for about 4 months 
(range 30–420 days). IgG antibody titres rise later and then persist for a long period   of time, i.e. 
for years after infection, or even life-long. Using nucleic acid amplification and sequencing 
techniques, HAV RNA can be detected in body fluids and faeces.   
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4 Hepatitis A vaccines 


Following the successful propagation of HAV in cell culture in 1979, several hepatitis A vaccines 
have been developed. Two types of hepatitis A vaccines are currently used worldwide: (a) 
formaldehyde-inactivated vaccines produced in several countries which are the most commonly 
used globally, and (b) live attenuated vaccines, which are manufactured in China and are also 
available in several other countries (40). 


All hepatitis A vaccines contain antigens derived from inactivated or attenuated HAV strains 
grown in cell culture. The nucleotide and amino-acid sequences of these strains are approximately 
95% identical. 


Antibody levels ranging from 10–33 mIU/ml, using different assays, have been proposed as the 
threshold for protection from HAV infection in humans (41). Most recent international practice 
uses either 10 or 20 mIU/mL as the seroprotection threshold (40). However, clinical experience 
suggests that protection following vaccination may be present even if anti-HAV antibodies are not 
detectable using standard immunoassays (42). A positive (qualitative) test for total anti-HAV 
antibodies is considered to signify immunity to hepatitis A (40). 


The 2012 vaccine position paper was based on a systematic review that provided a detailed 
evidence base on the efficacy of the hepatitis A vaccines. The 2021 systematic review and meta-
analyses conducted as background for this paper did not identify any additional studies of efficacy 
in the period 2012 - 2021. Hence, effectiveness and long-term immunogenicity were the main 
outcomes of interest. Effectiveness was assessed by consideration of hepatitis A clinical disease 
incidence, as studies examining data on death, hospitalization or other clinical endpoints of interest 
were not identified. Immunogenicity was assessed through two endpoints: (i) seropositivity of anti-
HAV total or IgG antibodies (mIU/ml)  (with a threshold of antibodies titers defined by individual 
study) and (ii) geometric mean concentration of anti-HAV antibodies, measured through different 
points of time since immunization.  


Single and two dose studies results were pooled and subdivided by follow-up duration (as 3-7 
years or > 7 years) , as well as by type of vaccine (live attenuated vaccines or inactivated vaccines). 
No analysis was undertaken by vaccine brand. 


The analysis found that hepatitis A vaccines are effective in preventing hepatitis A clinical disease  
and HAV infection, as well as on conferring long-term seroprotection, regardless of type of 
vaccine (live attenuated or inactivated). It was also found that two-dose schedules consistently 
result in higher mean GMCs over time, compared to single-dose schemes. 


Based on WHO UNICEF joint report form (2020 data), around 20 countries have implemented 
universal childhood vaccination programmes across 4 WHO regions (AMR, AMR, EUR and 
WPR), and 8 countries mainly in the Americas have implemented 1 dose inactivated vaccine 
programmes.  


4.1 Inactivated hepatitis A vaccines 


 Administration, manufacturers’ stipulated schedules and storage of inactivated hepatitis A 
vaccines 


Inactivated HAV vaccines are prepared by propagation of HAV in human fibroblasts, purification 
of virions from cell lysates and inactivation using formaldehyde. Most of the available inactivated 
vaccines are adjuvanted by adsorption to aluminium hydroxide. Inactivated hepatitis A vaccines 
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are currently available in single-dose presentations and most are formulated without preservative. 


The biological activity of inactivated hepatitis A vaccines is measured either by an in vivo relative 
potency assay or by an in vitro immunochemical determination of antigen content with acceptance 
criteria validated against the in vivo test. For each vaccine, an acceptable unit specification is 
established based on levels shown to be efficacious in clinical trials. A WHO international 
reference vaccine was established in 1999. Vaccines developed before the international reference 
preparation became available, use  a unit specification established based on their respective in-
house reference, and therefore biological activity expressed in these units may not be comparable 
across vaccines. WHO has provided recommendations for production and quality control of 
inactivated hepatitis A vaccines (43). 


For children, several manufacturers provide a half-volume presentation of the vaccine with the 
same antigen concentration as the adult formulation. Inactivated hepatitis A vaccines should be 
refrigerated at 2–8 ºC; the vaccines should not be frozen. When stored at the recommended 
temperature, the shelf-life for inactivated hepatitis A vaccines ranges between 24 and 36 months, 
as specified by the manufacturers. The main inactivated vaccines used at the global level are listed 
in the table 1 below. 
Table 1: Main monovalent inactivated hepatitis A vaccines used on the global market 


Trade 
Name 


Vaccine 
Strain 


Adjuvant Pediatric  
Dose 


Adult 
Dose 


no. of doses 
according to 


label 


Manufacturer WHO Pre-
qualified? 


HAVRIX HM-175 Aluminum 
Hydroxide 


720 EU 
 (12M-
18Y) 


1440 
EU 


(≥ 19Y) 


2 
(0, 6-12M 


GlaskoSmithKline Yes 
(2003) 


Healive TZ-84 Aluminum 
Hydroxide 


250 U 
(12M-
15Y) 


500 U 
(≥16Y)   


2 
(0, 6-12M 


Sinovac Biotech Yes 
(2017) 


AVAXIM GBM Aluminum 
Hydroxide 


80 IU 
(12M-
15Y) 


160 IU 
(≥ 16Y) 


2 
(0, 6-36M) 


 Sanofi Pasteur No 


VAQTA CR-236 Aluminum 
Hydroxide 


25U 
(12M-
18Y) 


50 U 
(≥ 19Y) 


2 
(0-6-18M) 


 Merck Vaccines No 


Weisariuian Lv-8 Aluminum 
Hydroxide 


320 EU 640 EU 2 Inst Med Biology, 
Chinese Acad 


Med Sci 


No 


Veraxim YN-5 Aluminum 
Hydroxide 


800 EU 1600 
EU 


2 Shanghai Wison No 


Aimmugen KRM-
003 


 
None 
  


0.5 μg 0.5 μg 3 
(0, 2-4W, 6M) 


 KMB Biologics, 
Inc. 


No 


Algavac LBA-86 Aluminum 
Hydroxide 


25 U 50 U 2 
(0, 6-12M 


Vector-BiAlgam No 


EPAXAL*   RG-SB Virosome 24 U 24U 2 Crucell No 


* Manufacturing of EPAXAL was discontinued in 2014.    Note: Not comprehensive; vaccines may be marketed under other trade names. 


 


Combined vaccines that include hepatitis A and B, or hepatitis A and typhoid have been developed, 
mainly intended for use in adult travellers (44). All inactivated hepatitis A vaccines are 
interchangeable, including combinations containing hepatitis A vaccine (45, 46), see table 2 and 3 
below. 
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Table 2: Main combination vaccines inactivated hepatitis A – Typhoid vaccines used on the global market 


Trade 
Name 


Vaccine Strain Formulation Pediatric  
Dose 


Adult 
Dose  


no. of 
doses 


according 
to label 


Manufacturer WHO Pre-
qualified? 


Hepatyrix Hepatitis A 
(inactivated) and 


S, typhi 
polysaccharide 


adsorbed 


1440 EU 
(HM 175)   


- 1 ml 
IM  


(15 y 
and 


above) 


One or 
two* 


GlaxoSmithKline No 


Vivaxim, 
ViATIM 


and 
Tyavax 


Hepatitis A 
(inactivated) and 


S, typhi 
polysaccharide 


adsorbed 


160IU 
(GBM) 


- 1 ml 
IM 


(16 y 
and 


above) 


One or 
two* 


Sanofi Pasteur No 


* May be administered 6-12 months after single monovalent Hepatitis A vaccine dose as a booster. May also be given as a primary dose for 
Hep A, followed by either administering a monovalent inactivated booster dose at 6-12 months or, if ongoing typhoid protection is needed, 
a second dose of the combination vaccine given at 36 months. 


 
Table 3: Main combination vaccines inactivated hepatitis A – Hepatitis B vaccines used on the global market 


Trade 
Name 


Vaccine 
Strain 


Adjuvant Pediatric  
Dose 
(HepA 


component) 


Adult Dose 
(HepA 


component) 


no. of 
doses 


according 
to label 


Manufacture
r 


WHO Pre-
qualified? 


Twinrix/ 
Ambirix  


Hepatitis A 
(inactivated) 
and HBsAg 


(recombinant) 


Aluminum 
Hydroxide 


360 EU 
 (12M-15Y) 


720 EU  
(HM 175)  
(≥ 16Y) 


3 
(0, 1M, 6M) 


GlaxoSmith
Kline 


No 


 


 


Inactivated hepatitis A vaccines are licensed for use in persons ≥12 months of age. This reduces 
the potential of interference by pre-existing maternal antibodies, whether transferred through 
placenta or breast feeding, with the vaccine’s activity (47, 48). According to the manufacturers, a 
complete vaccination schedule consists of 2 doses administered into the deltoid muscle. The 
interval between the first (primary) dose and second (booster) dose is commonly 6–12 months; 
however, it is flexible and can be extended to 18–36 months, depending on the vaccine type (40). 
Hepatitis A vaccine doses do not need to be repeated if the interval between doses is exceeded. 
Hepatitis A vaccines can be administered simultaneously with vaccines against diphtheria, tetanus, 
pertussis (DTP), polio (oral and inactivated), Haemophilus influenzae type b (Hib), measles, 
mumps, rubella, typhoid (oral and intramuscular), hepatitis B, cholera, Japanese encephalitis, 
rabies and yellow fever, without biologically significant interference in the immunogenicity, 
reactogenicity or safety of the individual vaccines (40, 49, 50). 


 Immunogenicity, efficacy, and effectiveness of inactivated hepatitis A vaccines 


4.1.2.1 Standard two-dose immunization 


All inactivated hepatitis A vaccines approved by stringent regulatory authorities are highly 
immunogenic and generally produce comparable immune responses (19, 51). The efficacy of these 
vaccines was first studied in the early 1990s in a large double-blind randomized controlled trial of 
children 1 to 16 years conducted in Thailand (52) in high-incidence communities, which 
demonstrated protective efficacy of 94% (95% CI: 79%–99%) after 2 doses; cumulative efficacy 
following the booster (third) dose at 12 months was 95% (95% CI: 82%–99%). Given such high 
efficacy, most recent studies have been limited to real-world effectiveness analyses. 
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The effectiveness of inactivated hepatitis A vaccines has been demonstrated in a wide range of 
single and two-dose studies in a variety of contexts. Standard two-dose studies have consistently 
been shown to be highly effective in preventing new HAV infections and to result in strong, 
durable immune responses when anti-HAVAb titre is used as a proxy for immunity status (53-65).  


Approved vaccines are so effective  that clinical trials with longer term follow-up (from 3 – 25 
years post primary vaccine course) have failed to consistently demonstrate new cases of clinically 
apparent HAV infections among vaccinated individuals, regardless of vaccine type (live vs 
attenuated) or schedule (one vs 2 doses) and natural exposure to HAV by participants during 
follow-up. Indeed, while subclinical cases have been detected, it has been only through an acute 
marked elevation in anti-HAV antibody titres through routine clinical trial follow up. 


The population-level impact of hepatitis A inactivated vaccines has now been widely 
demonstrated. The first studies were in areas of Native American and Alaska Native communities 
(66, 67). Vaccination of the majority of children, and in some cases adolescents and young adults, 
resulted in a rapid decline in disease incidence. With ongoing routine vaccination of children, 
reductions in disease incidence in these communities have been sustained over the long term (68-


70). 


In larger, more heterogeneous communities with lower but consistently elevated hepatitis A rates, 
accumulating evidence from a number of countries indicates that sustained routine hepatitis A 
vaccination of children with both one and  2 doses can markedly reduce hepatitis A incidence over 
time. 


The impact on hepatitis incidence in two-dose studies of inactivated HAV vaccine in a variety of 
contexts (Australia, China, Israel, Panama and the United States) demonstrates a reduction in 
incidence in all age groups of 76% to 98% (12-15, 71). The largest decrease was in a nation-wide 
cohort in Israel (14), and the least was reported in Zhejiang province, China (19, 21, 22). In studies 
that report incidence by age group, the largest decreases were pronounced in children <10 years 
old. Countries or regions with higher endemicity see larger reductions following universal vaccine 
introduction. 


For grading of the scientific evidence for efficacy of inactivated hepatitis A vaccines (2 doses), 
see Grading Tables (Annexe 1). 


Nevertheless, there are remaining limitations on data interpretation for impact analyses of both 
types of vaccines. Firstly, despite an ostensible decline observed in reported hepatitis A disease 
incidence estimates following routine vaccination, very few studies have rigorously either assessed 
or reported confounders, such as concomitant improvements in sanitation and associated 
infrastructure, as well as changes in accuracy and completeness of notifications in national 
surveillance systems that may have followed the introduction of the immunization. Secondly, data 
on age-specific vaccine coverage rates during the scale up of universal vaccination programmes 
are lacking in most reports. Finally, the impact of natural boosting through environmental exposure 
for vaccinated individuals is difficult to quantify. All three factors may have biased to some extent 
the estimates on effectiveness, impact and immunogenicity in some individual studies and thus 
limited the possibility to accurately estimate vaccine impact in the systematic review.   


Despite such limitations, in key jurisdictions, impact of expanded HAV vaccine programming has 
been clearly visible. For example, in Argentina, Vizzotti et al. examined the occurrence of 
fulminant hepatic failure and liver transplantation cases notified from 2002 through to 2011, i.e. 
during and after the introduction of universal single-dose childhood vaccination in 2005. Hepatitis 
A had been the leading cause of fulminant hepatic failure and liver transplantation in children in 
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the assessed pre vaccination period (between 2002 and 2004). However, in the post-vaccination 
period, not a single case of liver failure or transplantation was observed, demonstrating the impact 
of vaccination on these critical outcomes (72).  


4.1.2.2 Single-dose immunization  


Limited evidence regarding single dose immunization for hepatitis A was available at the time of 
preparation of the 2012 WHO position paper. Only two trials were considered, one from Nicaragua 
and the other from national use of a single-dose schedule of hepatitis A vaccine in Argentina (53, 


73). The SAGE concluded that national programmes may consider a single-dose schedule, 
although additional evidence of long-term immunogenicity was needed (3, 74). Following this, 
there has been an expansion of single dose national programmes and further epidemiologic data 
are available to support the use of such programmes.  


For grading of the scientific evidence for efficacy of inactivated hepatitis A vaccines (1 dose), see 
Grading Tables Annexe 3. 


A 2012 review found that protective anti-HAV antibody levels after a single dose of inactivated 
hepatitis A vaccine can persist for almost 11 years, and its titer increases or reappears after booster 
vaccination among studies assessing long-term protection up to 10.67 years after a 1-dose 
vaccination (75). 


A Nicaraguan study among 105 children vaccinated in 2005 with a single dose of virosomal 
vaccine (Epaxal) identified no cases of clinically apparent disease and vaccine effectiveness of 
98.3% (95% confidence interval, 87.9–99.8) at 7.5 years. Boosting with HAVRIX elicited an 
average 29.7-fold increase of anti-HAV levels (61). Argentina includes a single-dose inactivated 
hepatitis A vaccine in their national immunization schedule at 12 months (72). In that context, a 
long-term follow up study of 247 children vaccinated with a single dose inactivated HAV vaccine 
did not identify any clinically apparent HAV disease through 10 years (54). Seroprotection at 10 
years was 100%. Also, in Argentina, an additional follow-up of 1119 children at a mean of 9.7 
years (range 9-11.3 years) reported that 87.6% individuals had anti-HAV IgG ≥ 10 mIU/mL. and 
anti-HAV GMC was 28.0 mIU/mL (95% CI: 26.8-29.3 mIU/mL) (76). 


The impact of single-dose hepatitis A inactivated vaccine programmes has been increasingly 
demonstrated across the globe including in Argentina, Brazil, Italy and Russia (17, 18, 20, 23). 
The reported incidence of hepatitis A decreased in all age groups by 80%-99%. The smallest 
decrease was documented in Brazil, while the largest decrease in HAV incidence following a 
population-based programme occurred in Tyva province in Russia (23). 


4.1.2.3 Efficacy and effectiveness of post exposure prophylaxis 


Post exposure prophylaxis by hepatitis A inactivated vaccine (one dose) 


The effectiveness of post-exposure prophylaxis is the greatest when it is administered soon after 
exposure; thus, HAV vaccine should be administered as soon as possible, and within 2 weeks of 
exposure, to achieve the best possible protection against symptomatic infection. 


High efficacy of post-exposure prophylaxis with inactivated hepatitis A vaccines is well 
documented. In 1991, a double-blind, placebo-controlled trial was conducted during a hepatitis A 
outbreak in upstate New York, USA (77). This trial involved 1037 children 2–16 years of age, who 
received 1 dose of inactivated hepatitis A vaccine, or placebo. In the placebo group, 25 cases of 
confirmed hepatitis A occurred, whereas in the vaccine group, no new cases were identified from 
day 17 after vaccination. In Israel, a community-wide outbreak of hepatitis A in a 
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socioeconomically deprived setting was completely interrupted within a few weeks following 1 
dose of inactivated hepatitis A vaccine administered to >90% of the paediatric population (33).  


High efficacy of post-exposure prophylaxis with an inactivated HAV vaccine was also reported 
from Kazakhstan (78), where 1090 household and day-care contacts (2–40 years of age) of index 
cases with acute hepatitis were randomized to receive hepatitis A vaccine or passive prophylaxis 
with immune globulin. Symptomatic infection with hepatitis A virus, occurred in 4.4% of 
vaccinated contacts and in 3.3% of contacts receiving immune globulin, (RR 1.35; 95% CI=0.70–
2.67).  


Response to HAV vaccine within 2 weeks diminishes with age. However, data are limited on the 
use of HAV vaccine for post-exposure prophylaxis among persons aged >40 years, particularly in 
discrete age groups (79). A systematic review, including studies using inactivated vaccines 
(HAVRIX or VAQTA), found no articles that provided explicit estimates of efficacy or 
effectiveness of HAV vaccine among adults >40 years of age against disease endpoints (80). 
However, ten articles included hepatitis A vaccine serologic data among persons aged >40 years 
(80). One reanalysis of a randomized clinical trial included data stratified by age groups and found 
seroconversion at 15 days post-vaccination of 74% in adults 40–49 years (n = 125; GMT of 26.09 
mIU/mL), 54% in adults 50–59 years (n = 37; GMT of 12.80 mIU/mL), and 30% in adults ≥60 
years (n = 10; GMT of 1.62 mIU/mL) (81, 82). Other, mostly observational studies, also suggested 
lower post-HAV vaccination antibody titers and a longer time to seroconversion among persons 
>40 years compared to persons ≤40 years of age  (80). For grading of the scientific evidence for 
efficacy of inactivated hepatitis A vaccines in post-exposure prophylaxis (2012 systematic 
review), see Grading Tables Annexes 5 and 6. 


Passive prophylaxis with immune globulin 


Immune globulin (Ig) provides protection against hepatitis A through passive transfer of antibody 
(40, 78). Prophylaxis is achieved within hours of injection and is 80%–90% effective when 
administered within 14 days of exposure. Based on a global study, Ig manufactured from plasma 
donors with declining herd immunity to HAV yielded low anti-HAV Ig potencies (83). This 
prompted an increase in the dose of Ig in the U.S (84) to 0.1 ml/kg if protection was desired for up 
to 1 month and 0.2 ml/kg for up to 2 months.  


The use of Ig worldwide is now declining because of insufficient concentrations of anti-HAV IgG 
in non-specific Ig preparations, the high cost of specific HAV IgG preparations, the limited 
duration of protection following passive IgG prophylaxis, and because hepatitis A vaccines induce 
rapid a n d  l o n g - l a s t i n g  protection against HAV after the first dose (77, 85). A randomized 
controlled trial showed no significant difference in protection against symptomatic and 
asymptomatic HAV infection when either an IgG preparation or a hepatitis A vaccine was 
administered to contacts of confirmed cases of hepatitis A aged ≤ 4 0  years within 14 days of 
exposure (78). However, the response to vaccine may be diminished among older adults (80). Ig 
in addition to vaccine may be considered for this population for post-exposure prophylaxis, when 
feasible. 


For grading of the scientific evidence post exposure prophylaxis of HAV vaccines and Ig see  
Grading Tables Annexe 5 and 6. 
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 Duration of protection of inactivated hepatitis A vaccines by dose schedule 


4.1.3.1 Duration of protection for two- or-more dose schedules 


Protection in multi-dose studies against clinically apparent infection persists for up to 25 years in 
adults who received inactivated vaccine as children with a three-dose schedule (63). In this study, 
mean GMC at 25 years was 91.5 mIU/mL among the 43 of the original 144 individuals that could 
be followed, with 81% having antibody titres ≥20mIU/mL. This schedule has been shown to be 
equivalent to the current two-dose schedule (86). Long-term studies of the two dose schedules for 
7.5 years (Israel) and 10–14 years (Argentina) showed 100% protection against clinical disease 
and seroprotection ranging between 97–100% (54, 59, 60). A 15-year follow-up study of HAV 
vaccinated children of HAV Ab positive and negative mothers in Alaska found 100% 
seroprotection (defined as an anti-HAV antibodies titer ≥20 mIU/mL) for children of maternal 
anti-HAV-negative compared to 67% for children of maternal anti-HAV-positive, respectively. In 
adults, persistence of the vaccine-induced immune response following primary two-dose 
immunization with inactivated hepatitis A has been shown to  persist for up to 15 years (87). Anti-
HAV seropositivity persisted until at least ages 20 years among three groups of Alaska Native 
children for whom a 2-dose inactivated HepA vaccination series was initiated at ages 6–21 months 
(88). 


Mathematical modelling and anti-HAV kinetic studies based on long term follow-up data in 
empiric paediatric studies suggests that detectable antibodies are estimated to persist for as much 
as 60 years for the two-dose schedules (54, 89, 90). As protection following natural infection is 
lifelong, protection from the vaccine against clinically apparent disease may also be lifelong . 


For grading of the scientific evidence for long term protection of inactivated hepatitis A vaccines 
(2 doses), see Grading Tables Annexe 7. 


For Evidence to recommendation table comparing two doses schedule vs no vaccination, see 
Annexe 13. 


4.1.3.2 Duration of protection for one-dose schedules 


Studies of longevity of immune response for single-dose schedules have demonstrated persistence 
of seroprotection for up to 12 years for inactivated preparations (54, 91). Persistent B and T cell 
immune memory has been demonstrated at 12 years for inactivated preparations (92) even when 
individuals have lost seroprotection over time. In a sub-analysis of a larger Argentinian study (76) 
of the children who had received a single-dose HAV vaccine 12 years before and were negative 
for seroprotection (mean GMC 0.7 mIU/mL), 96% reached seroprotection following a booster, 
and HAV-specific memory CD4+ and CD8+ T-cells were observed in 14/26 (54%) and 7/26 
(26.9%) respectively, showing that the presence of memory T-cells was independent of the level 
or presence of detectable anti-HAV antibodies (76). These results demonstrate the existence of 
long-term anamnestic immune response to primary single-dose vaccination with inactivated 
preparations. 


Detectable antibodies are estimated to persist up to 30 years with single-dose schedules based on 
mathematical modelling and on anti-HAV kinetic studies (54). Modelling data comparing single 
to two dose schedules of inactivated hepatitis A vaccine has confirmed the maintenance of high 
levels of seroprotection at 20 and 30 years postvaccination, irrespective of the dosing schedule and 
despite the continued linear decline in antibody level; natural boosting had limited impact 
conferring only an additional 5% protection (54). 
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For grading of the scientific evidence for long term protection of inactivated hepatitis A vaccines 
comparing one dose versus multiple dose schedules, respectively 3-7 year follow-up and above 7 
years follow up, see Grading tables Annexe 9 and Annexe 10. 


For grading of the scientific evidence for long term protection comparison of inactivated hepatitis 
A vaccine (1 dose) vs multiple dose inactivated schedules, respectively 3-7 year and above 7 years 
follow up, see Grading tables Annexe 11 and 12. 


For Evidence to recommendation table comparing one and two doses schedule see Annexe 14. 


 Safety of inactivated hepatitis A vaccines 


Based on the cumulative global experience gained from the use of several hundred million doses, 
the overall safety profile of all formaldehyde-inactivated hepatitis A vaccines administered to 
children (aged 1 to <15 years) and adults has been excellent, irrespective of schedule and 
manufacturer (42, 93-95).  


Large pre-licensure safety studies of two different inactivated hepatitis A vaccines found that 
among adult recipients, local reactions, including soreness or tenderness at injection site, were 
reported in 56% and 53%, respectively, whereas in children the respective rates were 15% and 
17%. Headache was reported in 14%–16% of adults for both the vaccines, but rarely in children 
(42). 


No vaccine-related, serious adverse events were reported in approximately 40 000 children who 
participated in a study of safety and efficacy of inactivated hepatitis A vaccine (52). Similarly, 
in two post-licensure studies, one with 11 273 children and 25 467 adults, and the other with about 
2000 vaccinees in different age groups, no serious adverse events occurred that were 
considered to be associated with administration of the vaccine (42, 94). 


A 2012 systematic review (96) examined published literature on vaccine safety and adverse events 
in the period until 2011, and did not identify any adverse events of note. 


Regarding more recent evidence, a phase IV, open-label, single-arm trial conducted by Shi et al 
(97) in 2018 examined the safety of an inactivated vaccine licensed in China since 2010 
(Avaxim® 80U Pediatric) in a two-dose schedule administered 6 months apart to 355 healthy 
toddlers, children and adolescents up to 15 years  of age. Endpoints were solicited injection site 
reactions, unsolicited reactions, systemic adverse events and serious adverse events, and maximum 
time of observation was 30 days after the second dose. Loss to follow-up was 6.5% at the end of 
that period. There were no serious adverse events. Solicited injection site reactions were present 
in 17.2% of infants and toddlers and 33.3% of adolescents, and the systematic reactions were 
observed in 23.1% and 25%, respectively. Unsolicited events occurred only in infants and toddlers, 
with a prevalence of 6.3%. These results confirmed safety and tolerability of this inactivated 
vaccine, similar to the prior studies with other vaccines.  


For grading of the scientific evidence for safety of inactivated hepatitis A vaccines (2 doses), see 
Grading tables Annexe 1. 


4.2 Live attenuated hepatitis A vaccine 
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 Administration, manufacturers’ stipulated schedules and storage of live-attenuated hepatitis A 
vaccines 


Two live attenuated hepatitis A vaccines, based on the viral H2 strain and on the L-A-1-strain, 
have been licensed in China since 1992 for subcutaneous administration in children aged ≥18 
months (19). These live vaccines were attenuated through multiple cell culture passages and 
subsequently propagated in human diploid embryonic lung fibroblast cells. Their potency is 
established by tissue culture infective dose (TCID50) assessments. For children, the live attenuated 
vaccine is scheduled as a single dose of 0.5 ml volume, and 1.0 ml (containing no less than 6.50 
lgCCID50 of live HAV) for adults. The dosage formulation was changed from liquid preparation 
to freeze-dried preparation in Chinese pharmacopeia in 2000 to extend the shelf-life. The freeze-
dried live attenuated vaccine should be stored in refrigerator at 2℃-8℃. When stored at the 
recommended temperature, the shelf-life for live attenuated hepatitis A vaccines is 18-24 months. 


Table 4 lists the main live attenuated hepatitis A vaccines used. 
Table 4 Main live attenuated vaccines used globally 


Trade 
Name 


Attenuated 
HAV Strain 


Formulation/ 
adjuvant 


Pediatric 
Dose  


(18 mths 
- 15 y) 


Adult 
Dose 


(Age ≥ 
16 y) 


no. of doses 
according to 


label 


Manufacturer WHO Pre-
Qualified? 


Weisairuiji H2 Lyophilized, 
no adjuvant 


0.5 ml 
s.c 


1.0 ml 
s.c. 


one Inst Medical 
Biology, 


Chinese Acad 
Medical 


Sciences 


No 


HAVAC  LA-1 Lyophilized, 
no adjuvant 


1.0 ml 
s.c. 


1.0 ml 
s.c. 


one Changchun 
Inst of 
Biological 
Products 


No 


 


There is limited evidence on safety and immunogenicity from China that live-attenuated HAV can 
be administered simultaneously with other routine immunization vaccines, including DTP and 
MMR (98, 99). 


 Immunogenicity, efficacy, and effectiveness of live-attenuated hepatitis A vaccines 


Clinical trials in the 1990s, which were limited to the Chinese context, of the live-attenuated 
vaccine preparations have demonstrated high efficacy and effectiveness with persistent 
immunity(100, 101). This was further demonstrated in a 4-year vaccine efficacy study of the H2-
based vaccine conducted in children 1–15 years of age at 11 primary schools in Shaoxing County, 
China, in which no hepatitis A cases were reported during 18 102 cumulative person-years in the 
vaccination group, while in the control group, 495 cases occurred during 242 168 cumulative 
person-years (vaccine efficacy 100%). In a large-scale vaccination of children aged 1–15 years in 
Jiaojiang City, China, the presence of anti-HAV IgG antibodies was documented after 15 years in 
72%–88% of the vaccinees (102) and was associated with a 32-fold reduction in reported HAV 
incidence, implying that in most cases, long-term protection against hepatitis A  is achieved 
following 1 dose of this vaccine.  


A systematic review in 2012 included 5 trials assessing the live attenuated vaccine (690 690 
participants). Subgroup analyses confirmed the clinical effectiveness of live attenuated hepatitis A 
vaccines (RR 0.07, 95% CI 0.03 to 0.17) to prevent clinically apparent hepatitis A (96). 
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The impact of mass vaccination strategies using live attenuated vaccines has been demonstrated 
in several large population impact studies in China, ranging from a 50% to a 84% reduction in all-
age hepatitis incidence between before and after universal vaccination with a single dose live 
attenuated schedule (19, 21, 22). 


A national-level analysis by provinces that used single dose live attenuated hepatitis A vaccine at 
18 months age (115 million doses administered) or inactivated vaccine at 18 and 24 month age (16 
million doses administered) found that coverage in this period increased from 82.4% to 98.4%, 
while annual reported HAV cases in the national notification system decreased from 7489 in 2007 
(4 576 in 2008) to 237 in 2018 – an overall 96.8% decline.(103) In those provinces only using the 
live attenuated preparation, the overall pre-vaccination incidence of hepatitis A was over 
6.0/100,000. Shortly after initiation of the Hepatitis A immunization programme in 2008, the 
incidence declined sharply from 7.5/100 000 in 2004 to 1.7/100 000 in 2016, indicating a 78.0% 
decline. Since 2012, the incidence has remained stable and declined below 2.0/100 000. Henan 
province, China, expanded HAV immunization in 2008 using a live attenuated vaccine 
preparation, demonstrating a 94.8% decrease in case incidence to 2018, which was particularly 
pronounced among adolescents (98.2%). Considering all HAV case reports the proportion of 
hepatitis A cases in patients younger than 10 years decreased from 41.6% in 2012 to 3.8% in 2018, 
with a parallel shift in the majority of new cases occurring among those >40 years (69.2%). 


For grading of the scientific evidence for efficacy of live attenuated hepatitis A vaccines, see 
Grading Tables Annexe 2. 


 Duration of protection of live-attenuated hepatitis A vaccines 


Studies of longevity of immune responses following live attenuated vaccines have shown at least 
15-17 years of protection, and demonstrated preserved immune memory at that time point (104, 


105). A 5-year follow up study in India showed that single dose of a live attenuated vaccine 
(Biovac-A) was well tolerated and provided long-term immunity in healthy children (106). This 
was confirmed by another follow-up study demonstrating no cases of clinically apparent disease 
at 10 and 15 years after administration of Biovac-A in an endemic area (104). Seroprotection in 
this latter study of 98 individuals followed at 15 years was 95.9% with a mean GMC of 
79.6mIU/mL in those with seroprotection. The seroprotection rate was reduced to 86.2% when the 
11 subjects who were boosted because of low antibodies titers (<20mIU/ml) were also included in 
the denominator. A 17-year follow up of 47 children administered (Pukang Biotechnological Co. 
Hanzhou, China) demonstrated seroprotection of 62% (titre ≥20mIU/mL) with no cases of 
undetectable titres.GMCs of anti-HAV IgG were 64.8 mIU/mL and 7.6 mIU/mL respectively in 
the anti-HAV seropositive and seronegative groups. However, persistent B and T cell immune 
memory were demonstrated in 94% of the 31 individuals receiving a booster at 17 years post 
primary vaccination, including 13 seronegative at this time point (105). 


For grading of the scientific evidence for long term protection of live-attenuated hepatitis A 
vaccines, see Grading tables Annexe 8. 


For grading of the scientific evidence for long term protection comparison of live-attenuated 
hepatitis A vaccine (1 dose) vs multiple dose inactivated schedules respectively 3-7 year and above 
7 years follow up see Grading tables Annexe 11 and 12. 


 Safety of live attenuated hepatitis A vaccines 


Experience during clinical trials and through passive surveillance did not identify any substantial 
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safety concerns related to the Chinese live attenuated hepatitis A vaccines (40, 101). However, as 
with most other live attenuated vaccines, these vaccines are not recommended for use in pregnant 
women and in immunocompromised patients. 


Although the H2 vaccine strain is known to be shed in the stools of vaccinees, serological studies 
of non-vaccinated classmates during the school-based clinical trials in China showed no case of 
seroconversion as a consequence of person-to-person H2 strain transmission (101).  


A 2012 systematic review (96) examined published literature on vaccine safety and adverse events 
in the period until 2011, and did not identify any adverse events of note, although data from live 
vaccines was limited. 


For grading of the scientific evidence for safety of live attenuated hepatitis A vaccines, see 
Grading tables Annexe 2. 


More recent evidence stems from a large review in China evaluating safety of both inactivated (I-
HepA) and live attenuated (L-HepA) hepatitis A vaccines licensed in China for healthy children 
above 14 years old, based on data from a nationwide surveillance system. The annual incidence of 
adverse events following immunization (AEFI) was 0.5/100 000 for both vaccines. The most 
common serious AEFIs were anaphylactic shock and febrile convulsion. Non-serious AEFI were 
reported with incidence estimates of 10.1/100 000 doses for I-HepA and 8.5/100 000 doses for L-
HepA. There were no meaningful differences regarding safety between the inactivated and live 
vaccines (22). In a phase IV multi-center study in India among 343 healthy children aged 1 to 12 
years old, who were followed-up for 5 years after immunization with a single-dose of a live 
attenuated vaccine, no adverse event was registered over the observation period, demonstrating 
that the vaccine was safe for children and adolescents (106).  


4.3 Groups at high risk of hepatitis A infection 


High-risk groups for hepatitis A infection include those who are (a) at increased risk of HAV 
exposure, as well as those (b) at increased risk of serious clinical outcomes after acquiring the 
infection. Some countries and institutions have recommended targeted immunization of such high-
risk groups, including (a) travellers from low-endemic countries to areas of intermediate or high 
endemicity, men who have sex with men (MSM), at-risk occupational groups, people who inject 
drugs, people who experience homelessness, migrants, refugees, incarcerated persons and (b) 
patients with chronic liver disease or people living with HIV.   


HAV outbreaks have been increasingly reported among MSM across Europe, and North America 
(107-109). A large outbreak in 2016-2017 led to the occurrence of cases in 17 EU countries, in 
Argentina, Brazil, Chile, Israel, Japan, Canada and USA (110).   


Among the people experiencing homelessness, surveillance data indicate increased severity and 
higher mortality. Since 2016, several hepatitis A outbreaks in multiple states have been reported 
in the USA among drug users and/or homeless people (111).  


Most of the reported foodborne hepatitis A outbreaks have been traced to infected food handlers, as 
a single infected food handler can transmit the virus to dozens or even hundreds of persons (112, 


113). Vaccination of food handlers to prevent common-source food-borne hepatitis A is 
recommended; however, practical constraints, including staff turnover, may limit its effectiveness 
(114). The analysis of 2016-2019 data in the USA concluded that the risk for secondary infection 
from hepatitis A–infected food handlers to food establishment patrons during person-to-person 
community outbreaks is low (<1.0%). Therefore, vaccination of all food handlers would be 
ineffective at mitigating the risk for ongoing person-to-person outbreaks (115). 
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In some countries, vaccination is recommended for displaced children from endemic areas after 
serological testing, while in other countries all refugee/migrant children are vaccinated without 
prior serological testing after their arrival. Cost-effectiveness studies on the different immunization 
strategies are needed.   


 Use of hepatitis A vaccines in immunocompromised individuals and the elderly 


A literature review of 11 studies (921 patients) in immunocompromised individuals reported an 
overall serological response rate of 37% at least one month after one vaccine dose, and 82% after 
two doses (116). Immunosuppressed patients who have undergone organ or haematopoietic stem-
cell transplant transplantation (and are receiving immunosuppressive drugs) have a blunted 
immune response to hepatitis A vaccines and may lose their protection over time (117, 118). Such 
groups may need special attention, which is beyond the scope of this guidance document. 


Vaccination of patients with chronic liver disease is recommended in several countries. Most 
individuals with compensated chronic liver disease who do not receive immunosuppressive 
therapy achieve similar seroprotection rates as those in healthy subjects. However, anti-HAV 
antibody levels following immunization are reduced proportional to the degree of liver failure 
(119, 120). 


A randomized double-blind controlled trial among HIV-infected showed that adult vaccinees with 
CD4 cell counts of <300 cells/mm3 had a seroconversion rate of 87%, as compared to 100% in 
subjects with CD4 cell counts of ≥300 cells/mm3 (121).  


Other studies have also showed that the protective antibody response is associated with a higher 
CD4/CD8 ratio and having received two doses of standard schedule (compared with patients 
receiving only one dose of the same schedule) (122). 


In HIV-positive individuals, who seroconvert, anti-HAV titres were lower by a factor of 10 as 
compared to those in HIV-seronegative vaccinees (123). The factors associated with persistent 
seroprotection are virologic suppression at vaccination, maintained lower levels of HIV viremia, 
and absence of acute hepatitis C (122). A study published in 2011 showed that most adults with 
well-controlled HIV infection had durable seropositive responses up to 6–10 years after HAV 
vaccination (124). Given the lower initial antibody levels, the apparent waning of antibody levels 
and the increasing life expectancy of HIV-positive individuals, post-vaccination booster doses may 
be necessary to maintain anti-HAV levels. Still, further studies are needed on the effectiveness of 
booster HAV vaccination (125). There is limited experience using HAV vaccination as post-
exposure prophylaxis in HIV-positive individuals.  


Finally, it is well established that severity of disease increases with increasing age. In a study, the 
first dose of an inactivated hepatitis A vaccine induced adequate antibody responses in 100% of 
young adults, but in only 65% of individuals aged ≥50 years. However, following the second dose, 
the corresponding figures were 100% and 97%, respectively (126). 


Clinical breakthrough infections have been reported in adult travelers (some elderly or HIV 
positive) after the priming dose (61) or after two doses in two subjects, who were 
immunocompromised with HIV infection (127) and acute myeloid leukemia, (128) respectively. 


4.4 Cost-effectiveness and economic impact 


Population impact models for universal HAV vaccine programmes are complex, given wide 
contextual variations  in age structures and epidemiological situations; this means that it may be 
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challenging to draw overarching conclusions from these models.  


Several health economic studies covering a wide range of contexts including Brazil, Indonesia, 
Mexico, Jordan, Tunisia and the United States were reviewed (90, 129-138). Key themes in these 
studies include that universal, primary immunization programs have early and substantial 
epidemiological impact; that both single-dose and two-dose HAV vaccine schedules are effective 
at the population level, and that any projected difference between these schedules is determined 
by assumptions on waning immune protection; that herd immunity is a substantial contributor to 
the overall impact of a universal HAV vaccine programme; that universal HAV vaccine programs 
are more impactful where endemicity is higher; and finally, pros and cons of committing the extra 
resources necessary to initiate a complete catch-up vaccine programme in the settings of low 
endemicity are not clear, and their initiation would require a country and context-specific 
investigation .   


Specifically, the Mexican models (130, 131) suggest at the population level that universal two-
dose strategies have a greater impact on the epidemiology of HAV infection, but only the single-
dose strategy is cost-saving. Sensitivity analyses show the profound impact of assumptions on 
longevity of the immune protection. In the USA, one study examined the impact of a universal 
childhood vaccination programme (to coverage of 81%) and found that it would result in a 
substantial reduction in infections and hospital visits (i.e. morbidity and subsequently costs), but 
would prevent just 228 deaths (132, 139). The study found that herd immunity contributed 
substantially to accelerating the impact of such a vaccine programme. Another study modelled the 
epidemiologic impact of population-based catch-up programme for HAV vaccination, and found 
that it did not have a marked impact, since 752 doses of vaccine would have to be administered to 
prevent one HAV case (133). An analysis in Tunisia (129) reported that while the two-dose 
regimen appeared to have an epidemiological impact, the single-dose regimen (though with 
reduced impact) was more attractive because of budgetary reasons. The Jordanian model (134), 
which indeed used a mathematical model similar to the vaccine study in the USA (132) 
demonstrated that the introduction of a universal vaccine program would have an almost 
immediate and substantial impact, with a reduction in the HAV incidence from 900 to <1 case/100 
000 population over the first 5 years of the programme, thus dramatically changing the 
epidemiology of HAV in the country. In Indonesia, an assessment of the impact of vaccinating a 
full calendar year birth cohort on HAV disease in their lifetime showed a 40% further reduction in 
cases from the two-dose regimen (~453 000) compared to a single dose strategy (~322 000), but 
again with few additional deaths avoided. (136). Finally, a model of the impact of universal HAV 
childhood vaccination (vs current policy of targeted vaccination) in Brazil (135) showed 
substantial reductions in morbidity and mortality (around 60%) as well as years of life lost to HAV. 
In addition, the impact was greater for northern than southern parts of Brazil (prevalence is higher 
in the former part of the country).  


Cost effective and economic impact analyses reviewed included 9 studies examining universal 
childhood/adolescent hepatitis A vaccination strategies in a range of contexts and countries, 
including Brazil, Bulgaria, Indonesia, Mexico, Jordan and the United States.(130-136, 140, 141). 
Methodological quality varied across these studies.  


Single dose strategies are consistently more cost effective than 2 dose schedules, even when some 
reduced efficacy was factored into the single dose analysis. Key themes in economic analyses are 
that single-dose schedules were demonstrated to be cost saving in a number of cases, compared to 
two-dose schedules which were shown to be just cost effective. Universal vaccination was more 
effective than targeted or regional programmes. Higher endemicity, lower cost of vaccine and 
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longer seroprotection assumptions resulted in improved cost effectiveness. Assumptions of 
coverage varied. 


Our literature review also identified a systematic review on the cost-effectiveness of HAV 
vaccination in middle-income countries between 1998–2013. The review included a quality 
assessment of studies. (137). It identified nine studies from six countries: Argentina (n=2), Brazil 
(n=1), Chile (n=2), China (n=1), Egypt (n=1) and Thailand (n=2). The authors suggested that their 
systematic review indicated that universal hepatitis A vaccination of infants, children and 
adolescents in MICs is cost-effective in the intermediate-endemic countries and that most of the 
studies confirmed that hepatitis A vaccination was cost effective or even cost saving under certain 
conditions. In sensitivity analysis, the most influential parameters were vaccine price, medical 
costs, incidence of infection and discount rate. The authors concluded that given the relatively 
limited financial resources of many low-middle income countries, implementation of a single-dose 
vaccination could be considered. 


While HAV vaccination was generally cost effective, the local context (HIC versus LMICs) had a 
substantial impact. In one analysis (140), universal vaccination was cost-effective as compared to 
no vaccination; however, in the USA, the cost-effectiveness  fell below the CE threshold of $100 
000/QALY gained, whereas in Rio de Janeiro, Brazil it was around 0.5x GDP or highly cost 
effective. However, results varied across studies, since another analysis that used a dynamic 
attransmission model which incorporated the impact of herd immunity (132) demonstrated that a 
universal paediatric hepatitis A immunization programme in the USA would be cost saving. 


In Mexico, a study examined the impact of antibody waning on the cost-effectiveness of single-
dose vs two-dose HAV vaccine regimens (130). While assuming high vaccine efficacy initially, 
the group allowed for waning immunity after two doses at the rate of 0.12% per year for the first 
25 years and 0.62% per year thereafter. For 1-schedule dose assumptions were 97% efficacy 
waning at the rate of 1.62% for 10 years, and then 2.62% thereafter. Based on these assumptions, 
near and intermediate term cost-effectiveness favoured single-dose regimens, while long-time 
horizons (50–75 years) showed the two-dose schedule to be relatively more cost effective. 


5 Draft recommendations proposed by the SAGE working group on Hepatitis A 1 
for consideration to SAGE 2 


Both inactivated (either as a single dose or as two doses) and live-attenuated (in single dose) 3 
hepatitis A vaccines are highly immunogenic and immunization will generate long-lasting, 4 
possibly life-long, protection against hepatitis A in children, as well as in adults. 5 


Evidence testifies to the excellent safety profile of inactivated vaccines. Although considered 6 
safe, internationally published evidence on the safety and tolerability of the live attenuated 7 
hepatitis A vaccines is more limited. 8 


WHO recommends vaccination against HAV to be introduced into the national immunization 9 
schedules for children aged ≥12 months, if indicated on the basis of increased incidence of acute 10 
hepatitis A disease among older children, adolescents or adults, change in the endemicity from 11 
high to intermediate, and consideration of cost-effectiveness. 12 


Vaccination against hepatitis A should be part of a comprehensive plan for the prevention and 13 
control of viral hepatitis, including measures to improve hygiene and sanitation and measures for 14 
outbreak control. 15 


Countries should collect and review the information needed to estimate their national burden of 16 
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hepatitis A. In addition to surveys estimating age-specific prevalence of anti HAV IgG 17 
antibodies, this may require examining data on hepatitis A incidence, associated morbidity 18 
(hospitalization, fulminant hepatic failure or liver transplantation) and mortality. These data 19 
should guide country decisions on vaccination strategies (universal childhood immunization 20 
versus vaccination of selected high-risk population groups). Economic evaluation, including 21 
cost-effectiveness analyses of relevant immunization strategies, is a useful additional element for 22 
decision-making. 23 


In highly endemic countries, almost all persons are asymptomatically infected with HAV in 24 
childhood, which prevents clinical hepatitis A in adolescents and adults. In these countries, large-25 
scale vaccination programmes are not routinely recommended. If a country wishes to consider 26 
large scale vaccination, a prior risk-benefit analysis and ensuring a high vaccine coverage are 27 
essential to avoid a paradoxical increase of disease incidence in the unvaccinated people. 28 


Countries with improving socioeconomic status may rapidly move from high to intermediate 29 
hepatitis A endemicity, rendering a larger proportion of the adolescent and/or young adult 30 
population susceptible to HAV. In these countries, large-scale hepatitis A vaccination in early 31 
childhood is likely to be cost-effective and is therefore recommended. While introducing the 32 
vaccine in such situations, the countries may consider in addition the need for catch-up 33 
immunization. 34 


Targeted vaccination of high-risk groups should be considered in low and very low endemicity 35 
settings to provide individual health benefits. Groups at higher risk of hepatitis A (for example, 36 
travellers to areas of intermediate or high endemicity, men who have sex with men, at-risk 37 
occupational groups, people who inject drugs, people who experience homelessness, migrants, 38 
refugees and incarcerated persons) and groups at a higher risk of severe hepatitis A disease (such 39 
as patients with chronic liver disease or people living with HIV) should be vaccinated. 40 


Hepatitis A vaccine has largely replaced immune globulin for pre- and post-exposure prophylaxis 41 
since it has a similar efficacy and better safety profile, lower cost, wider availability and 42 
accessibility, and provides longer persistent protection.  43 


In outbreak situations, single-dose hepatitis A vaccination is recommended, taking into account 44 
the epidemiology and feasibility of rapidly implementing a well targeted vaccination programme. 45 
The use of hepatitis A vaccine to control outbreaks is most likely to be successful when the 46 
affected population is well defined, when vaccination is started early in the course of the 47 
outbreak, and when high coverage can be achieved. Vaccination efforts should be supplemented 48 
with health education and improved sanitation.   49 


Currently, inactivated HAV vaccines are licensed for intramuscular administration in a two-dose 50 
schedule with the first dose given at the age 1 year or older. The interval between the first 51 
(primary) dose and the second (booster) dose is flexible (from 6 months up to 4–5 years), but is 52 
usually 6–18 months. The live attenuated vaccine is administered as a single subcutaneous dose. 53 


Countries may use inactivated hepatitis A vaccines as either a single-dose or two-dose schedule 54 
in their immunization programmes. For the inactivated vaccine, data on vaccine effectiveness, 55 
antibody persistence, and modelling on long-term seroprotection suggests that a single-dose 56 
schedule is comparable to the two-dose schedule in children, in addition to being less expensive 57 
and easier to implement.  58 


Until further experience has been obtained with a single-dose schedule, in immunocompromised 59 
individuals, a two-dose schedule is preferred. Inactivated hepatitis A vaccines produced by 60 
different manufacturers, including combined hepatitis A vaccines, are interchangeable. 61 
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Apart from severe allergic reaction to the previous dose, there is no contraindication to the use 62 
of inactivated hepatitis A vaccines. These vaccines can be administered simultaneously with any 63 
of the vaccines routinely used in childhood immunization programmes or for travel prophylaxis. 64 
Inactivated hepatitis A vaccines should also be considered for use in pregnant women at risk of 65 
HAV infection. 66 


Severe allergy to components included in the live attenuated hepatitis A vaccines is a 67 
contraindication to their use, and as a rule, live vaccines should not be used in pregnancy or in 68 
severely immunocompromised patients.  Information available on co-administration of live 69 
attenuated hepatitis A vaccines with other routinely used vaccines is available only from China. 70 


Following introduction of hepatitis A vaccines, assessment of their impact using morbidity and 71 
mortality surveillance data is important. Duration of the protection induced by one and two-dose 72 
schedules should be regularly monitored. Introduction of vaccines should be accompanied by 73 
monitoring and evaluation plans. 74 
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Annexes to the Hepatitis A Background paper 


Grading of evidence -  


Evidence to recommendations tables 


Background 


Annexes 1–12 contain tables that summarize the grading of recommendations, assessment, development and 
evaluations (GRADE). Annexes 13–14 contain the SAGE evidence-to-recommendation framework tables (ETR 
tables). The ETR tables are based on the DECIDE Work Package 5: Strategies for communicating evidence to 
inform decisions about health system and public health interventions. Evidence to a recommendation (for use by 
a guideline panel) (www.decide-collaboration.eu/, accessed 11 January 2021). 
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Annex 1. GRADE table: Efficacy and safety of hepatitis A vaccines: Full dose inactivated hepatitis A vaccine (2012 systematic review) 


Author(s): Wiersma S, Irving G, Ott J, Holden J 
Date: 2011-06-29 
 


Population: General population (children and adults) 


Intervention: Two doses of inactivated hepatitis A vaccine 


Comparison: no intervention, inactive control or placebo 


Outcomes: Clinical and laboratory confirmed Hep A disease. 


Serious adverse events following immunization 


 
Quality assessment No of patients Effect 


 
 
 
Quality 


 
 
 
Importance 


 


No of 
studies 


 
 


Design 


 


Risk of 
bias 


 
 
Inconsistency 


 
 
Indirectness 


 
 
Imprecision 


 


Other 
considerations 


 
Inactivated 
hepatitis A 


vaccine 


No 
intervention, 


inactive 
control or 
placebo 


 
Relative 


(95% 
CI) 


 
 
Absolute 


  


hepatitis A (follow-up 12-18 months; assessed with: clinical and laboratory criteria) 
4 randomised 


trials 
no serious 
risk of bias 


no serious 
inconsistency 


no serious 
indirectness 


no serious 
imprecision 


very strong 
association1


 


10/19820 
(0.05%) 


95/19906 
(0.48%) 


RR 0.12 
(0.05 to 
0.31) 


  
HIGH 


CRITICAL 


 0% - 


absence of serious adverse effects (follow-up 12-18 months; assessed with: clinical observation) 
4 randomised 


trials 
no serious 
risk of bias 


no serious 
inconsistency 


no serious 
indirectness 


no serious 
imprecision 


very strong 
association2


 


0/19820 
(0%) 


0/19906 
(0%) 


- -  
HIGH 


CRITICAL 


 0% - 
1 A large effect, RR=0.12, was found. 


2 Innis 1994 reported that no hospitalizations or deaths were attributed to vaccination but did not provide full breakdown of reporting according to ICH GCP 199 
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Annex 2. GRADE table: Efficacy and safety of hepatitis A vaccines. Live attenuated hepatitis A vaccine. 2012 (2012 systematic review). 


 


Author(s): Wiersma S, Irving G, Ott J, Holden J 
Date: 2011-06-29 
 


Population: General population (children and adults) 


Intervention: One dose or two doses of live attenuated hepatitis A vaccine 


Comparison: no intervention, inactive control or placebo 


Outcomes: Clinical and laboratory confirmed Hep A disease. 


Serious adverse events following immunization 
 
 


 


Quality assessment No of patients Effect 
 
 
 
Quality 


 
 
 
Importance 


 


No of 
studies 


 
 


Design 


 


Risk of 
bias 


 
 
Inconsistency 


 
 
Indirectness 


 
 
Imprecision 


 


Other 
considerations 


Live 
attenuated 
hepatitis 
A vaccine 


No 
intervention, 


inactive 
control or 
placebo 


 
Relative 


(95% 
CI) 


 
 
Absolute 


hepatitis A (follow-up 1-60 months; assessed with: clinical and laboratory criteria) 
13 randomised 


trials 
serious1


 serious2
 no serious 


indirectness 
no serious 
imprecision 


none3
 63/864813 


(0.007%) 
723/799585 


(0.09%) 
RR 0.09 
(0.04 to 


0.17) 


 ◯◯ 
LOW 


CRITICAL 


 0% - 
absence of serious adverse effects (follow-up 1-60 months; assessed with: clinical observation) 
13 randomised 


trials 
serious4


 very serious4
 serious4


 serious5
 none 0/864813 


(0%) 
0/799585 


(0%) 
- - ◯◯◯ 


VERY 
LOW 


CRITICAL 


 0% - 
1 None of the studies had a low risk of bias when considering adequate sequence generation, allocation concealment, blinding, incomplete accounting 
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of patients and outcome events. All studies reported on expected outcomes. 
2 I squared equals 80%. 
3 RR was 0.09 with over 1.6 million participants. A very large effect was found but due to downgrade factors this was not used to upgrade this study. 
4 Criteria not reported using ICH GCP 1997. 
5 Insufficient evidence was reported. 
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Annex 3. GRADE table: Efficacy and safety of hepatitis A vaccines. Single dose inactivated hepatitis A vaccine. (2012 systematic review). 


Population: General population (children and adults) 


Intervention: One dose of inactivated hepatitis A vaccine 


Comparison: no intervention, inactive control or placebo 


Outcomes: Clinical and laboratory confirmed Hep A disease. 


Serious adverse events following immunization 


 
Author(s): Wiersma S, Irving G, Ott J, Holden J 


Date: 2011-06-29 
Question: Should single dose inactivated hepatitis A vaccine versus no intervention, inactive control or placebo be used for hepatitis A? 


Setting: General population 
 


Quality assessment No of patients Effect 
 
 
 
Quality 


 
 
 
Importance 


 


No of 
studies 


 
 


Design 


 


Risk 
of bias 


 
 
Inconsistency 


 
 
Indirectness 


 
 
Imprecision 


 


Other 
considerations 


Single 
dose 


inactivated 
hepatitis 


A1 


No 
intervention, 


inactive 
control or 
placebo 


 
Relative 


(95% 
CI) 


 
 
Absolute 


hepatitis A (follow-up mean 15 months; assessed with: clinical and laboratory criteria) 
1 randomised 


trials 
no 
serious 
risk of 
bias 


no serious 
inconsistency 


no serious 
indirectness 


no serious 
imprecision 


very strong 
association 


0/136 
(0%) 


17/136 
(12.5%) 


RR 0.03 
(0 to 
0.47) 


  
HIGH 


CRITICAL 


 0% - 
1Virosomal inactivated hepatitis A vaccine. 
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1. Perez M, Herzog Z. Efficacy of virosome hepatitis A vaccine in young children in Nicaragua: randomized placebo-controlled trial. Int J Infect 
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Annex 4. GRADE table: Efficacy and safety of hepatitis A vaccines. Single dose live attenuated hepatitis A vaccine (2012 systematic review). 


 


 


Population: General population (children and adults) 


Intervention: One dose of live attenuated hepatitis A vaccine 


Comparison: no intervention, inactive control or placebo 


Outcomes: Clinical and laboratory confirmed Hep A disease. 


Serious adverse events following immunization 


 
Author(s): Wiersma S, Irving G, Ott J, Holden J 


Date: 2011-06-29 


 
 


1None of the studies had a low risk of bias when considering adequate sequence generation, allocation concealment, blinding, incomplete accounting 
of patients and outcome events. All studies reported on expected outcomes. 


2I squared equals 80%. 
3 RR was 0.09 with over 1.6 million participants. 


Quality assessment No of patients Effect 
 
 
 
Quality 


 
 
 
Importance 


 


No of 
studies 


 
 


Design 


 


Risk of 
bias 


 
 
Inconsistency 


 
 
Indirectness 


 
 
Imprecision 


 


Other 
considerations 


Single 
dose live 


attenuated 
hepatitis 


A vaccine 


No 
intervention, 


inactive 
control or 
placebo 


 
Relative 


(95% 
CI) 


 
 
Absolute 


hepatitis A (follow-up 1-60 months; assessed with: clinical and laboratory criteria) 
13 randomised 


trials 
serious
1 


serious2 no serious 
indirectness 


no serious 
imprecision 


none3 63/864813 
(0.007%) 


723/799585 
(0.09%) 


RR 0.09 
(0.04 to 
0.17) 


 ⨁⨁◯◯ 
LOW 


CRITICAL 


 0% - 
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Annex 5. GRADE table: Hepatitis A vaccine and post-exposure prophylaxis. Inactivated hepatitis A vaccine versus no intervention. (2012 systematic review). 


 


Population: General population (children and adults) 


Intervention: One or two dose of inactivated hepatitis A vaccine 


Comparison: no intervention, inactive control or placebo 


Outcomes: Clinical and laboratory confirmed Hep A disease. 


Serious adverse events following immunization 
 


Author(s): Wiersma S, Irving G, Ott J, Holden J 
Date: 2011-06-29 
Question: Should use of inactivated hepatitis A vaccine in family contacts of confirmed cases versus no intervention be used for hepatitis A 
prevention? 
Settings: Trial 


 
 


 
Quality assessment 


 
No of patients 


 
Effect 


 
 
 
 
 


Quality 


 
 
 
 
 
Importance 


 
 
 
No of 


studies 


 
 
 


Design 


 
 
 
Risk of 


bias 


 
 
 


Inconsistency 


 
 
 


Indirectness 


 
 
 


Imprecision 


 
 
 


Other 
considerations 


Use of 
inactivated 
hepatitis A 
vaccine in 


family 
contacts of 
confirmed 


cases 


 
 
 


No 
intervention 


 
 


Relative 
(95% 
CI) 


 
 
 


Absolute 


hepatitis A (follow-up mean 45 days; assessed with: clinical and laboratory criteria) 
1 randomized 


trial 
serious1


 no serious 
inconsistency 


no serious 
indirectness 


no serious 
imprecision 


none 2/197 
(1%) 


12/207 
(5.8%) 


RR 0.18 
(0.04 to 
0.77) 


79% 
efficacious 


compared to 
no 


intervention. 


◯ 
MODERATE 


CRITICAL 
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1 Sequence generation was unclear, allocation concealment was inadequate, blinding was unclear, and incomplete outcome data was reported. 
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prevention of secondary hepatitis A infection: a randomised trial. Lancet 1999; 353:1136-9. 
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Annex 6. GRADE table: Hepatitis A vaccine and post-exposure prophylaxis. Inactivated hepatitis A vaccine versus Ig. (2012 systematic review). 


Population: General population (children and adults) 


Intervention: One or two dose of inactivated hepatitis A vaccine 


Comparison: Immunoglobulins (Ig) 


Outcomes: Clinical and laboratory confirmed Hep A disease. 


Serious adverse events following immunization 


 
Author(s): Wiersma S, Irving G, Ott J, Holden J 


Date: 2011-06-29 


 


No of 
studies 


Design Risk of 
bias 


Inconsistency Indirectness Imprecision Other 
considerations 


Use of 
inactivated 
hepatitis A 
vaccine in 
contacts of 
confirmed 


cases 


Immuno- 
globulins 


(IG) 
Relative 
(95% CI) 


Absolute Quality Importance 


hepatitis A (follow-up 4-8 weeks; assessed with: clinical and laboratory criteria) 
1 randomized 


trial 
no 
serious 
risk of 
bias 


no serious 
inconsistency 


no serious 
indirectness 


no serious 
imprecision1 


none 25/568 
(4.4%) 


17/522 
(3.3%) 


RR 1.35 
(0.7 to 
2.67) 


 


NOTE2 
 
HIGH 


CRITICAL 


RR= Relative Risk (95% CI) 
 


1 Criterion of noninferiority met; no significant differences between IG and inactivated hepatitis A vaccine in clinical or subclinical hepatitis A. Risk of 
hepatitis in vaccine group never >1.5% than in IG group. 
2 Absolute vaccine efficacy not assessed. 
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Annex 7. GRADE table: Hepatitis A vaccine long term protection: Inactivated 2 doses vs no vaccination (2012 systematic review) 


 


Population: Children and adults  


Intervention: Two doses of inactivated Hep A vaccine  


Comparison: No HAV vaccination 


Outcome: Hep A disease incidence, seroprotection rate, Anti HAV Ab geometric median concentration 
at 3-7 years of vaccination 


 
Author(s): Ott J, Wiersma S 


Date: 2011-09-28 


 


Quality assessment No of patients Effect  
 
Qualit
y 


 
 


Importance 
No of 


studie
s 


 
Design Risk 


of 
bias 


 
Inconsistenc
y 


 
Indirectnes
s 


 
Imprecisio
n 


Other 
consideratio
ns 


Inactivate
d 


hepatitis 
A vaccine 


 
Contr
ol 


Relativ
e (95% 


CI) 
Absolut 3 e 


anti-HAV antibodies >5 years after immunization (follow-up 5-14 years; measured with: GMC, GMT, or % seroprotection post vaccination) 
8 observational 


studies 
Serious1 no serious 


inconsistency 
no serious 
indirectness 


serious2 none 720 - - GMT 
range 


from 62- 
15872 


⨁◯◯◯ 
VERY 
LOW 


IMPORTANT 


anti-HAV antibodies 14 years after immunization (children, 3-dose, Havrix) (follow-up mean 14 years) 
1 observational 


studies 
no 
serious 
risk of 
bias 


no serious 
inconsistency 


no serious 
indirectness 


no serious 
imprecision 


none 56 - - GMT 
range 


from 131- 
2275 


⨁⨁◯◯ 


LOW 
IMPORTANT
4 


 
1 Loss to follow-up reported to be up to 50% and increased with duration of follow-up. There is also a risk of confounding because other factors potentially 
associated with antibody response are not considered. 
2 Results had wide ranges and wide confidence intervals and often only reported GMC/GMT and not ranges of data. 
3 Results listed as mean geometric titer or concentration. 
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4 Three different schedules were used (0, 1, 2 mo; 0, 1, 6 mo; 0, 1, 12 mo) in this study. 
5 Seroprotection rate ranged from 86-100% depending on schedule. 
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Annex 8. GRADE table: Hepatitis A vaccine long term protection: Live attenuated single-dose vs no vaccination (2012 systematic review) 


 


Population: Children and adults  


Intervention: single-dose of Live attenuated Hep A vaccine  


Comparison: No HAV vaccination 


Outcome: Hep A disease incidence, seroprotection rate, Anti HAV Ab geometric median 
concentration at 3-7 years of vaccination 


 
Author(s): Ott J, Wiersma S 


Date: 2011-09-28 


 


 


Quality assessment No of patients Effect  
 
 
Quality 


 
 
 
Importance 


 


No of 
studies 


 
 


Design 


 


Risk of 
bias 


 
 
Inconsistency 


 
 
Indirectness 


 
 
Imprecision 


 


Other 
considerations 


Single 
dose live 


attenuated 
hepatitis 
A vaccine 


 
 
Control 


 
Relative 


(95% 
CI) 


 
 
Absolute 


anti-HAV antibodies (follow-up 7-15 years; measured with: GMC, GMT, or % seroprotection post vaccination; Better indicated by lower 
values) 
5 observational 


studies 
 
Serious
1 


no serious 
inconsistency 


no serious 
indirectness 


serious2 none 871 - - GMT 
range 


from 80- 
9182 


⨁◯◯◯ 
VERY 
LOW 


IMPORTANT 


anti-HAV antibodies 15 years after immunization (chilren, 1-dose, H2 strain LA) (follow-up mean 15 years; Better indicated by lower values)   
1 observational 


studies Serious
1 


no serious 
inconsistency 


no serious 
indirectness 


serious2 none 2203 - - GMT 
1284 


⨁◯◯◯ 
VERY 
LOW 


IMPORTANT 
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1 Loss to follow-up not always reported. There is also a risk of confounding because other factors potentially associated with antibody response are not 
considered. 
2 Confidence intervals not consistently reported and studies often only reported GMC and not ranges of data. 
3 Initially enrolled participants, not clear how many were lost to follow-up. 
4 GMC 128, no CI reported. 81% seroconversion rate. No hepatitis A cases reported. 
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Annex 9. GRADE table: Hepatitis A vaccine long term protection: Inactivated 1 vs 2/multiple doses. (3-7 years of follow up) (2021 systematic review) 


 


Population: Children 0 - 17 years at the time of vaccination   


Intervention: Single dose of inactivated Hep A vaccine 


Comparison: Two doses of inactivated Hep A vaccine 


Outcome: Hep A disease incidence, seroprotection rate, Anti HAV Ab geometric median concentration 
at 3-7 years of vaccination 


 


 


 


Certainty assessment № of patients Effect 


Certainty Importance 
№ of 


studies 
Study 
design 


Risk of 
bias Inconsistency Indirectness Imprecision Other 


considerations 


Single dose 
HAV 


vaccine 
(inactivated) 


two-dose 
HAV 


vaccine 
(inactivated) 


Relative 
(95% CI) 


Absolute 
(95% CI) 


Hepatitis A disease incidence (follow up: range 3 years to 7 years; assessed with: Cases of HAV clinical disease) 


1  observational 
studies  


very 
serious a,b 


not serious  not serious  not serious  publication bias 
strongly suspected 


b 


0/204 (0.0%)  0/53 (0.0%)  not 
estimable  


0 fewer 
per 1 000 
(from 30 


fewer to 30 
more)  


⨁◯◯◯ 
VERY LOW 1 


 


Hepatitis A seroprotection (follow up: range 3 years to 7 years; assessed with: Anti HAV Ab titre > study cut-off) 


5  observational 
studies  


very 
serious a 


not serious  not serious  not serious  publication bias 
strongly suspected 


c 


390/403 
(96.8%)  


827/831 
(99.5%)  


RR 1.00 
(0.98 to 


1.02)  


0 fewer 
per 1 000 
(from 20 


fewer to 20 
more)  


⨁◯◯◯ 
VERY LOW 


1,2,3,4,5 
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Certainty assessment № of patients Effect 


Certainty Importance 
№ of 


studies 
Study 
design 


Risk of 
bias Inconsistency Indirectness Imprecision Other 


considerations 


Single dose 
HAV 


vaccine 
(inactivated) 


two-dose 
HAV 


vaccine 
(inactivated) 


Relative 
(95% CI) 


Absolute 
(95% CI) 


Geometric mean concentration (follow up: range 3 years to 7 years; assessed with: Anti HAV Ab titre IU/mL) 


4  observational 
studies  


very 
serious a 


serious d not serious  not serious  publication bias 
strongly suspected 
strong association 


dose response 
gradient c 


289  639  -  MD 188 
IU/mL 
lower 
(196.8 


lower to 
179.2 
lower)  


GMC in 
comparison 


group: 
289IU/ml 


⨁⨁◯◯ 
LOW 1,2,3,4 


 


CI: Confidence interval; RR: Risk ratio; MD: Mean difference 


Explanations 
a. There are only non-randomized observational studies. Moderate loss to follow up. No control for natural booster in endemic environment.  
b. Only one study identified.  
c. Limited publications. Manufacturers recommend two doses.  
d. Heterogeneity difficult to assess. Only one study had 2 arms  
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Annex 10. GRADE table: Hepatitis A vaccine long term protection: Inactivated 1 vs 2/multiple doses. (above 7 years of follow up) (2021 systematic review). 


 


Population: Children 0 - 17 years at the time of vaccination   


Intervention: Single dose of inactivated Hep A vaccine 


Comparison: Two doses of inactivated Hep A vaccine 


Outcome: Hep A disease incidence, seroprotection rate, Anti HAV Ab geometric median concentration 
at beyond 7 years of vaccination 


 


Certainty assessment № of patients Effect 


Certainty Importance 
№ of 


studies 
Study 
design 


Risk of 
bias 


Inconsistency Indirectness Imprecision 
Other 


considerations 


Single dose 
HAV vaccine 
(inactivated)  


two-dose 
HAV vaccine 
(inactivated)  


Relative 
(95% CI) 


Absolute 
(95% CI) 


Hepatitis A disease incidence (follow up: range 7 years to 25 years; assessed with: Cases of HAV clinical disease) 


2  observational 
studies  


very serious 
a 


not serious  not serious  serious b none  0/352 (0.0%)  0/51 (0.0%)  RR 1 
(1 to 1)  


0 fewer per 
1 000 


(from 30 
fewer to 30 


more)  


⨁◯◯◯ 
VERY LOW 1,2 


 


Hepatitis A seroprotection (follow up: range 7 years to 25 years; assessed with: Anti HAV Ab titre > study cut-off) 


7  observational 
studies  


very serious 
a 


serious c not serious  serious d none  342/343 
(99.7%)  


939/976 
(96.2%)  


RR 1.00 
(0.97 to 1.03)  


0 fewer per 
1 000 


(from 29 
fewer to 29 


more)  


⨁◯◯◯ 
VERY LOW 


1,2,3,4,5,6,7 
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Certainty assessment № of patients Effect 


Certainty Importance 
№ of 


studies 
Study 
design 


Risk of 
bias 


Inconsistency Indirectness Imprecision 
Other 


considerations 


Single dose 
HAV vaccine 
(inactivated)  


two-dose 
HAV vaccine 
(inactivated)  


Relative 
(95% CI) 


Absolute 
(95% CI) 


Geometric mean concentration (follow up: range 7 years to 25 years; assessed with: IU/mL) 


7  observational 
studies  


very serious 
a 


serious c not serious  not serious  publication bias 
strongly suspected e 


348  911  -  MD 66.5 
IU/mL lower 
(68.7 lower to 
64.3 lower). 
GMC in 
comparison 
group: 145 
IU/mL 


⨁◯◯◯ 
VERY LOW 


1,2,3,5,6,7,8 


 


CI: Confidence interval; RR: Risk ratio; MD: Mean difference 


Explanations 


a. There are only non-randomized observational studies. Moderate loss to follow up. No control for natural booster in endemic environment.  
b. The outcome of incidence is not clearly defined and there is infrequent follow-up during the study.  
c. Heterogeneity difficult to assess as only one study had two arms.  
d. There is variability in the threshold of seroprotection.  
e. There are limited publications, and the vaccine manufacturers recommend two doses.  
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Annex 11. GRADE table: Hepatitis A vaccine long term protection: Live attenuated single-dose vs 2/multiple doses of inactivated vaccine (3-7 years of follow up) 


(2021 systematic review). 


 


Population: Children 0 - 17 years at the time of vaccination   


Intervention: Single dose of live attenuated Hep A vaccine 


Comparison: Two doses of inactivated Hep A vaccine 


Outcome: Hep A disease incidence, seroprotection rate, Anti HAV Ab geometric median concentration 
at 3-7 years of vaccination 


 


Certainty assessment № of patients Effect 


Certainty Importance 
№ of 


studies 
Study 
design 


Risk 
of 


bias 
Inconsistency Indirectness Imprecision Other 


considerations 


Single 
dose HAV 
vaccine 


(live 
attenuated) 


two-dose 
HAV 


vaccine 
(inactivated) 


Relative 
(95% 
CI) 


Absolute 
(95% CI) 


Hepatitis A disease incidence (follow up: range 3 years to 7 years) 


2  observational 
studies  


very 
serious 


a,b 


serious b not serious  not serious  publication bias 
strongly 


suspected b 


0/111 (0.0%)  0/53 (0.0%)  RR 1 
(1 to 1)  


0 fewer 
per 1 000 
(from 30 
fewer to 
30 more)  


⨁◯◯◯ 
VERY 


LOW 1,2 


 


Hepatitis A seroprotection (at study cut-off) (follow up: range 3 years to 7 years) 


6  observational 
studies  


very 
serious 


a,c 


not serious  not serious  not serious  publication bias 
strongly 


suspected b 


1158/1173 
(98.7%)  


795/799 
(99.5%)  


RR 1.00 
(0.99 to 
1.01)  


0 fewer 
per 1 000 
(from 10 
fewer to 
10 more)  


⨁◯◯◯ 
VERY 
LOW 


1,2,3,4,5,6 
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Certainty assessment № of patients Effect 


Certainty Importance 
№ of 


studies 
Study 
design 


Risk 
of 


bias 
Inconsistency Indirectness Imprecision Other 


considerations 


Single 
dose HAV 
vaccine 


(live 
attenuated) 


two-dose 
HAV 


vaccine 
(inactivated) 


Relative 
(95% 
CI) 


Absolute 
(95% CI) 


Hepatitis A GMC (anti-HAV ab titre) (follow up: range 3 years to 7 years) 


5  observational 
studies  


very 
serious 


a,c 


serious d not serious  serious e publication bias 
strongly 


suspected 
strong 


association 
dose response 


gradient c 


703  639  -  MD 147.6 
IU/mL 
lower 
(156.7 


lower to 
138.5 
lower)  


The GMC 
in 


comparison 
group : 
288.9 
IU/mL 


⨁◯◯◯ 
VERY 
LOW 
1,2,3,4,6 


 


CI: Confidence interval; RR: Risk ratio; MD: Mean difference 


Explanations 


a. There are only non-randomized observational studies. Moderate loss to follow up. No control for natural booster in endemic environment.  
b. There are no two-dose live attenuated studies in children published.  
c. The two-dose group is always inactive vaccine.  
d. There is heterogeneity in effect size, including no direction of effect in one study.  
e. Wide confidence intervals are reported.  
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Annex 12. GRADE table: Hepatitis A vaccine long term protection: Live attenuated single-dose vs 2/multiple doses of inactivated vaccine (above 7 years of follow 


up). 


Population: Children 0 - 17 years at the time of vaccination   


Intervention: Single dose of live attenuated Hep A vaccine 


Comparison: Two doses of inactivated Hep A vaccine 


Outcome: Hep A disease incidence, seroprotection rate, Anti HAV Ab geometric median concentration 
at beyond 7 years of vaccination 


 


 


Certainty assessment № of patients Effect 


Certainty Importance 
№ of 


studies 
Study 
design 


Risk 
of 


bias 
Inconsistency Indirectness Imprecision Other 


considerations 


Single 
dose HAV 
vaccine 


(live-
attenuated) 


2 doses 
HAV 


vaccine 
(inactivated) 


Relative 
(95% 
CI) 


Absolute 
(95% CI) 


Hepatitis A disease incidence (follow up: range >7 years to 25 years; assessed with: Cases of HAV clinical disease) 


2  observational 
studies  


very 
serious 


a,b 


seriousb  not serious  not serious c publication bias 
strongly 


suspectedb,c 


0/98 (0.0%)  0/51 (0.0%)  RR 1 
(1 to 1)  


0 fewer 
per 1 000 
(from 30 
fewer to 
30 more)  


⨁◯◯◯ 
VERY LOW 


1,2 


 


Hepatitis A seroprotection (follow up: range >7 years to 25 years; assessed with: Anti HAV Ab titre > study cut-off) 


7  observational 
studies  


very 
serious 


a,b 


seriousb not serious  seriousd publication bias 
strongly 


suspected c 


123/145 
(84.4%)  


863/881 
(98.0%)  


RR 1.00 
(0.97 to 


1.03)  


0 fewer 
per 1 000 
(from 29 
fewer to 
29 more)  


⨁◯◯◯ 
VERY LOW 


1,2,3,4,5,6,7,e 
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Certainty assessment № of patients Effect 


Certainty Importance 
№ of 


studies 
Study 
design 


Risk 
of 


bias 
Inconsistency Indirectness Imprecision Other 


considerations 


Single 
dose HAV 
vaccine 


(live-
attenuated) 


2 doses 
HAV 


vaccine 
(inactivated) 


Relative 
(95% 
CI) 


Absolute 
(95% CI) 


Geometric mean concentration (follow up: range >7 years to 25 years; assessed with: IU/mL) 


7  observational 
studies  


very 
serious 


a,b 


seriouse  not serious  serious  publication bias 
strongly 


suspected 
b,c 


98 676 -  MD 65.4 
IU/mL 
lower 


(68 lower 
to 62 
lower) 


The GMC 
in 


comparison 
group : 145  


IU/mL  


⨁◯◯◯ 
VERY LOW 


1,2,3,4,5,6,7,e 


 


CI: Confidence interval; RR: Risk ratio; MD: Mean difference 


Explanations 


a. There are only non-randomized observational studies. Moderate loss to follow up. No control for natural booster in endemic environment. 
b. There are no 2 dose live attenuated studies in children published. 
c. The vaccine manufacturers recommend two doses. 
d. There is variability in the threshold of seroprotection. 
e. The heterogeneity in effect size difficult to assess given limited single dose live attenuated studies. 
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Annex 13. SAGE evidence-to-recommendation framework: Should hepatitis A vaccination two doses inactivated vs no intervention, inactive control or placebo be 


used to prevent hepatitis A disease? 


Question:  Should hepatitis A vaccination two doses inactivated vs no intervention, inactive control or placebo be used to prevent hepatitis 
A disease ? 


Population:   children 0 - 17 years; adults   


Intervention:   Two doses of inactivated vaccine  


Comparison(s): No intervention, inactive control or placebo 


Outcome: Efficacy, effectiveness (disease seroprotection, GMC titres), long term protection, safety 


Background: 


Hepatitis A is caused by the hepatitis A virus (HAV) which is transmitted primarily via the faecal/oral route either through ingestion of contaminated food and 
water or through direct contact with an infectious person. The incidence of hepatitis A is strongly correlated with socioeconomic indicators; with increasing 
incomes and access to clean water and adequate sanitation, the incidence of HAV infection decreases (1-3).  


 CRITERIA JUDGEMENTS RESEARCH EVIDENCE ADDITIONAL 
INFORMATION 


PR
O


B
LE


M
 


Is the problem 
a public health 
priority? 


No Uncertain Yes 
Varies by 
setting 


An estimated 159 million acute 
hepatitis A cases and 39 000 deaths 
occurred in 2019, with 2.3 million 
disability-adjusted life years related 
to hepatitis A (4). 


The burden of disease in 
2019 was not equally 
distributed worldwide. 
Overall, 66% of acute 
hepatitis A cases and 
97% of hepatitis A deaths 
occurred in low-income 
countries and low-
middle-income countries. 
In absolute numbers, 
South-East Asia had the 
greatest number of 
hepatitis A cases (42 
million) and deaths 
(23 711; 60% of the total 
number of deaths). In 
terms of rates, hepatitis A 
disease incidence was 
highest in the African 
Region (3 714 cases per 


☐ ☐ ☐ ☒ 
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100 000 population) and 
hepatitis A-related 
mortality was highest in 
South-East Asia (1.18 
deaths per 100 000 
population). 


B
EN


EF
IT


S 
&


 H
A


R
M


S 
O


F 
TH


E 
O


PT
IO


N
S 


Benefits of the 
intervention 


Are the 
desirable 
anticipated 
effects large? 


No Uncertain Yes Varies 


Vaccine efficacy in a randomised 
control trial in Thailand on 40000 
children was 94% (5). Vaccine 
effectiveness has been shown 
based on disease reduction across 
countries (6-8). The impact on the 
population level depends on the 
hepatitis A prevalence in the 
country, but studies all suggest 
decreased disease incidence post 
vaccine introduction (9-13).(see 
Annex 1). 


Observational studies with follow-up 
up  to 25 years (with two or three 
doses) suggest long term 
seroprotection (14-20). (see Annex 
9 and Annex 10). 


 


a 


☐ ☐ ☒ ☐ 


Harms of the 
intervention 


Are the 
undesirable 
anticipated 
effects small? 


 


  


No Uncertain Yes Varies  


Inactivated vaccines have an 
excellent and well documented 
safety profile (21-26). 


 


☐ ☐ ☒ ☐ 


Balance 
between 
benefits and 
harms 


Favours 


intervention 


Favours 


comparison 


Favours 


both 


Favours 


neither Unclear 
Efficacy, effectiveness, and 
seroprevalence data demonstrate a 
highly efficacious and long-term 
protecting vaccine. The safety 
profile is excellent. The balance 
favours clearly the intervention. 


 


☒ ☐ ☐ ☐ ☐ 
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What is the 
overall quality 
of this 
evidence for 
the critical 
outcomes? 


Effectiveness of the intervention The quality of the evidence for 
efficacy and safety is high (Annex 
1). Quality for effectiveness and 
long-term protection is very low due 
to the observational studies, with 
potential confounding bias and 
important loss to follow up in long 
time series. (For details see Annex 
9, Annex 10, Annex 11, Error! 
Reference source not found.) 


 


No included 
studies 


Very low Low Moderate High 


☐ ☒ ☐ ☐ ☒ 


Safety of the intervention 


No included 
studies Very low Low Moderate High 


☐ ☐ ☐ ☐ ☒ 


VA
LU


ES
 &


 P
R


EF
ER


EN
C


ES
 


How certain is 
the relative 
importance of 
the desirable 
and 
undesirable 
outcomes? 


Important 


uncertainty 


or 


variability 


Possibly 


important 


uncertainty 


or variability 


Probably 


no 


important 


uncertainty 


or 


variability 


No 


important 


uncertainty 


or 


variability 


No known 


undesirabl


e outcomes 


There doesn’t seem to be any 
substantial item on the undesirable 
outcome side. Hence it is likely that 
the uncertainty/variability is not 
important  


 


☐ ☐ ☒ ☐ ☒ 


Values and 
preferences of 
the target 
population: 
Are the 
desirable 
effects large 
relative to 
undesirable 
effects? 


No 
Probably 


No 
Uncertain 


Probably 


Yes 
Yes Varies 


Not entirely clear in how far the 
target population is sensitized to the 
hepatitis A disease (depends on the 
epidemiology of the disease in a 
given setting) and thus to the 
benefits of the vaccine. 


 


☐ ☐ ☐ ☒ ☐ ☐ 


R
ES


O
U


R
C


E 
U


SE
 


Are the 
resources 
required 
small? 


No Uncertain Yes Varies  Hepatitis A is a rather costly 
vaccine, not covered by the GAVI 
mechanism. The additional 
programme costs are also to be 
considered. 


 


☒ ☐ ☐ ☐ 


Cost-
effectiveness 


No Uncertain Yes Varies The opportunity for initiating 
universal childhood vaccination 
depends on the endemicity of HAV 
in the country. In high endemicity 
settings, where children acquire life-


 


☐ ☐ ☐ ☒ 
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long immunity early in life, 
vaccination is not cost effective. In 
low and very low endemicity 
settings the intervention is most 
likely not cost effective. Studies 
indicate that the intervention is cost 
effective (or even cost saving under 
certain conditions) in intermediate 
endemicity settings, where virus 
circulation is still high, but a growing 
pool of naïve subjects not exposed 
in early life are at risk of severe 
hepatitis A disease. (27) 


EQ
U


IT
Y 


What would 
be the impact 
on health 
inequities? 


Increased Uncertain Reduced Varies The intervention is triggered in LMIC 
by certain levels of decreased 
endemicity which shifts infection to 
older ages. In those settings the 
intervention would likely decrease 
inequities as the people who are 
underserved or disadvantaged (if 
they are reached by the 
intervention) are more exposed to 
the disease due to their living or 
working conditions. In other cases 
this might not be the case. 


 


☐ ☐ ☐ ☒ 


A
C


C
EP


TA
B


IL
IT


Y 


Which option 
is acceptable 
to key 
stakeholders 
(e.g. 
ministries of 
health, 
immunization 
managers)? 


Intervention Comparison Both Neither Un-clear 


This depends on the endemicity 
context, and the disease burden.  


 


☐ ☐ ☐ ☐ ☒ 


Which option 
is acceptable 
to target 
group? 


Intervention Comparison Both Neither Un-clear 
The vaccine has an excellent safety 
profile and provides solid, and long 
lasting protection against HAV 
disease which should contribute to 


Specific high risk groups  
should benefit from 
targeted approaches/ 
counselling to improve 
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☒ ☐ ☐ ☐ ☐ 
acceptance. Provision of adapted 
information is likely to improve 
acceptance.(28)  


willingness to vaccinate 
(29). 


FE
A


SI
B


IL
IT


Y 
Is the 
intervention 
feasible to 
implement? 


No 
Probably 


No Uncertain 


Probably 


Yes Yes Varies If existing platforms (at least second 
year of life immunization platform) 
are used for the programme, the 
feasibility is easier to attain.  


 


☐ ☐ ☐ ☒ ☐ ☐ 


BALANCE OF 
CONSEQUENCES 


Undesirable 
consequences clearly 
outweigh desirable 
consequences in most 
settings 


Undesirable 
consequences probably 
outweigh desirable 
consequences in most 
settings 


The balance between 
desirable and 
undesirable 
consequences is closely 
balanced or uncertain 


Desirable consequences 
probably outweigh 
undesirable 
consequences in most 
settings 


Desirable consequences 
clearly outweigh 
undesirable 
consequences in most 
settings 


☐ ☐ ☐ ☐ ☒ 


TYPE OF 
RECOMMENDATION 


We recommend the intervention 
We suggest considering 
recommendation of the 
intervention 


We recommend the comparison We recommend against the 
intervention and the comparison 


☐ ☐ Only in the context of 
rigorous research  


☐ ☐ 


☐ Only with targeted monitoring 
and evaluation 


☒ Only in specific contexts or 
specific (sub)populations 
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RECOMMENDATION 
(TEXT) 


Both inactivated (either as a single dose or as two doses) and live-attenuated (in single dose) hepatitis A vaccines are highly immunogenic 
and immunization will generate long-lasting, possibly life-long, protection against hepatitis A in children, as well as in adults. 


Evidence testifies to the excellent safety profile of inactivated vaccines. Although considered safe, internationally published evidence on 
the safety and tolerability of the live attenuated hepatitis A vaccines is more limited. 


WHO recommends vaccination against HAV to be introduced into the national immunization schedules for children aged ≥12 months, 
if indicated on the basis of increased incidence of acute hepatitis A disease among older children, adolescents or adults, change in the 
endemicity from high to intermediate, and consideration of cost-effectiveness. 


Vaccination against hepatitis A should be part of a comprehensive plan for the prevention and control of viral hepatitis, including measures 
to improve hygiene and sanitation and measures for outbreak control. 


Countries should collect and review the information needed to estimate their national burden of hepatitis A. In addition to surveys 
estimating age-specific prevalence of anti HAV IgG antibodies, this may require examining data on hepatitis A incidence, associated 
morbidity (hospitalization, fulminant hepatic failure or liver transplantation) and mortality. These data should guide country decisions on 
vaccination strategies (universal childhood immunization versus vaccination of selected high-risk population groups). Economic 
evaluation, including cost-effectiveness analyses of relevant immunization strategies, is a useful additional element for decision-making. 


In highly endemic countries, almost all persons are asymptomatically infected with HAV in childhood, which prevents clinical hepatitis A 
in adolescents and adults. In these countries, large-scale vaccination programmes are not routinely recommended. If a country wishes 
to consider large scale vaccination, a prior risk-benefit analysis and ensuring a high vaccine coverage are essential to avoid a paradoxical 
increase of disease incidence in the unvaccinated people. 


Countries with improving socioeconomic status may rapidly move from high to intermediate hepatitis A endemicity, rendering a larger 
proportion of the adolescent and/or young adult population susceptible to HAV. In these countries, large-scale hepatitis A vaccination in 
early childhood is likely to be cost-effective and is therefore recommended. While introducing the vaccine in such situations, the countries 
may consider in addition the need for catch-up immunization. 


Targeted vaccination of high-risk groups should be considered in low and very low endemicity settings to provide individual health 
benefits. Groups at higher risk of hepatitis A (for example, travellers to areas of intermediate or high endemicity, men who have sex with 
men, at-risk occupational groups, people who inject drugs, people who experience homelessness, migrants, refugees and incarcerated 
persons) and groups at a higher risk of severe hepatitis A disease (such as patients with chronic liver disease or people living with HIV) 
should be vaccinated. 


Hepatitis A vaccine has largely replaced immune globulin for pre- and post-exposure prophylaxis since it has a similar efficacy and better 
safety profile, lower cost, wider availability and accessibility, and provides longer persistent protection.  


In outbreak situations, single-dose hepatitis A vaccination is recommended, taking into account the epidemiology and feasibility of rapidly 
implementing a well targeted vaccination programme. The use of hepatitis A vaccine to control outbreaks is most likely to be successful 
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when the affected population is well defined, when vaccination is started early in the course of the outbreak, and when high coverage 
can be achieved. Vaccination efforts should be supplemented with health education and improved sanitation.   


Currently, inactivated HAV vaccines are licensed for intramuscular administration in a two-dose schedule with the first dose given at the 
age 1 year or older. The interval between the first (primary) dose and the second (booster) dose is flexible (from 6 months up to 4–5 
years), but is usually 6–18 months. The live attenuated vaccine is administered as a single subcutaneous dose. 


Countries may use inactivated hepatitis A vaccines as either a single-dose or two-dose schedule in their immunization programmes. For 
the inactivated vaccine, data on vaccine effectiveness, antibody persistence, and modelling on long-term seroprotection suggests that a 
single-dose schedule is comparable to the two-dose schedule in children, in addition to being less expensive and easier to implement.  


Until further experience has been obtained with a single-dose schedule, in immunocompromised individuals, a two-dose schedule is 
preferred. Inactivated hepatitis A vaccines produced by different manufacturers, including combined hepatitis A vaccines, are 
interchangeable. 


Apart from severe allergic reaction to the previous dose, there is no contraindication to the use of inactivated hepatitis A vaccines. These 
vaccines can be administered simultaneously with any of the vaccines routinely used in childhood immunization programmes or for travel 
prophylaxis. Inactivated hepatitis A vaccines should also be considered for use in pregnant women at risk of HAV infection. 


Severe allergy to components included in the live attenuated hepatitis A vaccines is a contraindication to their use, and as a rule, live 
vaccines should not be used in pregnancy or in severely immunocompromised patients.  Information available on co-administration of 
live attenuated hepatitis A vaccines with other routinely used vaccines is available only from China. 


Following introduction of hepatitis A vaccines, assessment of their impact using morbidity and mortality surveillance data is important. 
Duration of the protection induced by one and two-dose schedules should be regularly monitored. Introduction of vaccines should be 
accompanied by monitoring and evaluation plans. 


IMPLEMENTATION 
CONSIDERATIONS 


Inactivated vaccines can be administered simultaneously with any of the vaccines routinely used in childhood immunization programmes 
or for travel prophylaxis. Currently, inactivated HAV vaccines are licensed for intramuscular administration in a two-dose schedule with 
the first dose given at the age 1 year, or older. The interval between the first (primary) dose and the second (booster) dose is flexible 
(from 6 months up to 4–5 years), but is usually 6–18 months.  


MONITORING, 
EVALUATION AND 
RESEARCH 
PRIORITIES 


Long term effectiveness of the vaccine has been shown beyond 7 years and up to 25 years. Monitoring of disease incidence, and 
serosurveillance is useful to fully characterise the durability of the vaccine, especially in the context of reduced natural boosting due to 
reduction in endemicity. 
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Annex 14. SAGE evidence-to-recommendation framework: Should single dose hepatitis A vaccination (inactivated or live-attenuated) vs two doses inactivated be 


used to prevent hepatitis A disease? 


Question:  Should single dose hepatitis A vaccination (inactivated or live-attenuated) vs two doses inactivated be used to prevent hepatitis A 


disease? 


Population:   children 0 - 17 years; adults   


Intervention:   Single dose of inactivated or live-attenuated vaccine 


Comparison(s): Two doses of inactivated vaccine 


Outcome: Efficacy, effectiveness, long term protection, safety 


Background: 


While inactivated HAV vaccines are licensed in a two-dose schedule, in the past 15-20 years around 20 countries, in Latin America, Asia, Eastern Mediterranean 
and Europe have introduced universal childhood programme with a one dose schedule for cost saving reasons. .  


Conversely, live attenuated vaccines are licensed as single dose vaccines. While those vaccines are not WHO prequalified, they are widely used in China and India.  


 CRITERIA JUDGEMENTS RESEARCH EVIDENCE ADDITIONAL 
INFORMATION 


PR
O


B
LE


M
 


Is the problem 
a public health 
priority? 


No Uncertain Yes 
Varies by 
setting 


An estimated 159 million acute 
hepatitis A cases and 39 000 deaths 
occurred in 2019, with 2.3 million 
disability-adjusted life years related 
to hepatitis A (4). 


The burden of disease in 
2019 was not equally 
distributed worldwide. 
Overall, 66% of acute 
hepatitis A cases and 
97% of hepatitis A deaths 
occurred in low-income 
countries and low-
middle-income countries. 
In absolute numbers, 
South-East Asia had the 
greatest number of 
hepatitis A cases (42 
million) and deaths 
(23 711; 60% of the total 
number of deaths). In 
terms of rates, hepatitis A 
disease incidence was 
highest in the African 


☐ ☐ ☐ ☒ 
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Region (3 714 cases per 
100 000 population) and 
hepatitis A-related 
mortality was highest in 
South-East Asia (1.18 
deaths per 100 000 
population). 


B
EN


EF
IT


S 
&


 H
A


R
M


S 
O


F 
TH


E 
O


PT
IO


N
S 


Benefits of the 
intervention 


Are the 
desirable 
anticipated 
effects large? 


No Uncertain Yes Varies 


Inactivated one dose 


Vaccine efficacy against HAV 
disease in a randomised control trial 
in Nicaragua on 500 children with a 
single dose of inactivated vaccine 
was 85% (30).(Annex 3) 


A meta-analysis  on effectiveness 
on long term seroprotection 
suggests no difference between 
HAV single-dose vaccine versus 
multiple-dose vaccine schedules, in 
terms of disease incidence and 
seropositivity for follow up 7 years or 
more (up to 12 years). It however 
showed lower GMC IgG titers in one 
dose vs two-dose schedules.(see 
Grade tables (Annex 9 and Annex 
10). (very low  level of confidence 
(level 1, or ⊕).  


 


Live attenuated one dose 


Vaccine efficacy in a large meta-
analysis on single dose live 
attenuated HAV schedules was 
91% (Grade table 2). 


Long term protection 


A meta-analysis  on effectiveness 
on long term seroprotection 
suggests no difference between 
HAV single-dose live attenuated 
vaccine versus multiple-dose 


The WG considered to 
look at the benefits of the 
intervention (single dose) 
in its own right (not 
compared to its 
comparator on this 
question). That is why it 
considers that the 
benefits are large 
(compared with doing no 
intervention). 


☐ ☐ ☒ ☐ 
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inactivated vaccine schedules, in 
terms of disease incidence and 
seropositivity for follow up 7 years or 
more (up to 15 years). It however 
showed lower GMC IgG titers in one 
dose live attenuated vs two-dose 
inactivated schedules(see Grade 
tables (Annex 11 and Error! 
Reference source not found.). 


Harms of the 
intervention 


Are the 
undesirable 
anticipated 
effects small? 


 


  


No Uncertain Yes Varies  


Inactivated vaccines have an 
excellent and well documented 
safety profile (21-26). 


For live-attenuated vaccines, 
clinical trials and passive 
surveillance did not identify 
substantial safety concern, but the 
safety profile is less well 
documented  (3, 26, 31, 32). 


 


☐ ☐ ☒ ☐ 


Balance 
between 
benefits and 
harms 


Favours 


intervention 


Favours 


comparison 


Favours 


both 


Favours 


neither Unclear 
With a long term follow up of up to 
10 to 15 years, the one dose 
strategies (inactivated or live 
attenuated) seem to be equally as 
effective as the two-dose strategy. 
With the caveat of a less well 
documented safety profile for the 
live attenuated vaccine, one and 
two-dose strategies seems to be 
equivalent in regard to the  benefits 
and harms balance. It is yet unclear 
for both dose schedules whether 
seroprotection has a lifelong 
duration. 


 


☐ ☐ ☒ ☐ ☐ 


What is the 
overall quality 
of this 
evidence for 
the critical 
outcomes? 


Effectiveness of the intervention The quality for efficacy,  
effectiveness and safety is high for 
both one- and two-dose schedules. 
Quality for long term protection is 
very low in both one- and two-dose 
schedules due to the observational 
studies, with potential confounding 


 


No included 
studies 


Very low Low Moderate High 


☐ ☒ ☐ ☐ ☒ 


Safety of the intervention 
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No included 
studies Very low Low Moderate High 


bias and important loss to follow up 
in long time series. For details see 
Grade tables. 


☐ ☐ ☐ ☐ ☒ 
VA


LU
ES


 &
 P


R
EF


ER
EN


C
ES


 


How certain is 
the relative 
importance of 
the desirable 
and 
undesirable 
outcomes? 


Important 


uncertainty 


or 


variability 


Possibly 


important 


uncertainty 


or variability 


Probably 


no 


important 


uncertainty 


or 


variability 


No 


important 


uncertainty 


or 


variability 


No known 


undesirabl


e outcomes 


Overall the desired outcome (HAV 
disease prevention) outweighs 
clearly harms for those well 
tolerated vaccines. However, 
internationally published evidence 
on the safety and tolerability of the 
live attenuated hepatitis A vaccines 
is more limited. 


 


☐ ☒ ☐ ☐ ☐ 


Values and 
preferences of 
the target 
population: 
Are the 
desirable 
effects large 
relative to 
undesirable 
effects? 


No 
Probably 


No 
Uncertain 


Probably 


Yes 
Yes Varies 


This is context dependant. In 
intermediate endemicity contexts 
where hepatitis A disease 
prevalence is high (in particular 
hepatitis fulminans) the desirable 
effects will be large. A one dose 
strategy will likely be preferred to a 
two-dose schedule.  


 


☐ ☐ ☐ ☒ ☐ ☒ 


R
ES


O
U


R
C


E 
U


SE
 


Are the 
resources 
required 
small? 


No Uncertain Yes Varies  In comparison with the two-dose 
approach the single-dose approach 
will result in up to 50% cost savings. 
The single-dose vs no vaccination 
has a significant cost (see ETR 
table Annex 13) 


 


☐ ☐ ☒ ☐ 


Cost-
effectiveness 


No Uncertain Yes Varies A systematic review suggests that 
universal hepatitis A vaccination of 
infants, children and adolescents in 
MICs is cost effective in the 
intermediate-endemic countries  
and that most of  the studies 
confirmed that hepatitis A 
vaccination was cost effective or 
even cost saving  under certain 
conditions (27). The one dose is 
clearly a dose sparing approach and 


 


☐ ☐ ☒ ☐ 
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by design more cost-effective than 
the two-dose approach, depending 
on the assumptions of differential 
waning immunity between the 2 
approaches. 


EQ
U


IT
Y 


What would 
be the impact 
on health 
inequities? 


Increased Uncertain Reduced Varies The intervention (one dose) will 
likely be cost saving than the 
comparator (two doses). More 
resources will be available to reach 
all the population and potentially to 
dedicate to reach the underserved 
or disadvantaged populations.   


 


☐ ☐ ☒ ☐ 


A
C


C
EP


TA
B


IL
IT


Y 


Which option 
is acceptable 
to key 
stakeholders 
(e.g. 
ministries of 
health, 
immunization 
managers)? 


Intervention Comparison Both Neither Un-clear 


This will be dependent on the 
country context i.e. (epidemiological 
context, current use of two-dose 
schedule; mandate of NITAGs to 
allow for off label recommendations 
etc.). In countries that currently do 
not have a routine programme but 
consider introduction, with expected 
equal health benefits, stakeholders 
would very likely favour the 
intervention approach, as one dose 
is easier and cheaper to implement 
than two doses. 


 


☐ ☐ ☒ ☐ ☐ 


Which option 
is acceptable 
to target 
group? 


Intervention Comparison Both Neither Un-clear 
The vaccine has an excellent safety 
profile and provides solid, and long-
lasting protection against HAV 
disease which should contribute to 
acceptance. The one dose 
schedule and provision of adapted 
information is likely to improve 
acceptance.(28)  


Specific high-risk groups  
should benefit from 
targeted approaches/ 
counselling to improve 
willingness to vaccinate 
(29). 


☒ ☐ ☐ ☐ ☐ 


FE
A


SI
B


IL
IT


Y 


Is the 
intervention 
feasible to 
implement? 


No 
Probably 


No Uncertain 


Probably 


Yes Yes Varies Single dose schedule is easier and 
cheaper to implement than two-
dose schedule. 


 


☐ ☐ ☐ ☐ ☒ ☐ 
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BALANCE OF 
CONSEQUENCES 


Undesirable 
consequences clearly 
outweigh desirable 
consequences in most 
settings 


Undesirable 
consequences probably 
outweigh desirable 
consequences in most 
settings 


The balance between 
desirable and 
undesirable 
consequences is closely 
balanced or uncertain 


Desirable consequences 
probably outweigh 
undesirable 
consequences in most 
settings 


Desirable consequences 
clearly outweigh 
undesirable 
consequences in most 
settings 


☐ ☐ ☐ ☐ ☒ 


TYPE OF 
RECOMMENDATION 


We recommend the intervention 
We suggest considering 
recommendation of the 
intervention 


We recommend the comparison We recommend against the 
intervention and the comparison 


☒ ☐ Only in the context of 
rigorous research  


☒ ☐ 


☐ Only with targeted monitoring 
and evaluation 


☐ Only in specific contexts or 
specific (sub)populations 
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RECOMMENDATION 
(TEXT) 


Both inactivated (either as a single dose or as two doses) and live-attenuated (in single dose) hepatitis A vaccines are highly immunogenic 
and immunization will generate long-lasting, possibly life-long, protection against hepatitis A in children, as well as in adults. 


Evidence testifies to the excellent safety profile of inactivated vaccines. Although considered safe, internationally published evidence on 
the safety and tolerability of the live attenuated hepatitis A vaccines is more limited. 


WHO recommends vaccination against HAV to be introduced into the national immunization schedules for children aged ≥12 months, 
if indicated on the basis of increased incidence of acute hepatitis A disease among older children, adolescents or adults, change in the 
endemicity from high to intermediate, and consideration of cost-effectiveness. 


Vaccination against hepatitis A should be part of a comprehensive plan for the prevention and control of viral hepatitis, including measures 
to improve hygiene and sanitation and measures for outbreak control. 


Countries should collect and review the information needed to estimate their national burden of hepatitis A. In addition to surveys 
estimating age-specific prevalence of anti HAV IgG antibodies, this may require examining data on hepatitis A incidence, associated 
morbidity (hospitalization, fulminant hepatic failure or liver transplantation) and mortality. These data should guide country decisions on 
vaccination strategies (universal childhood immunization versus vaccination of selected high-risk population groups). Economic 
evaluation, including cost-effectiveness analyses of relevant immunization strategies, is a useful additional element for decision-making. 


In highly endemic countries, almost all persons are asymptomatically infected with HAV in childhood, which prevents clinical hepatitis A 
in adolescents and adults. In these countries, large-scale vaccination programmes are not routinely recommended. If a country wishes 
to consider large scale vaccination, a prior risk-benefit analysis and ensuring a high vaccine coverage are essential to avoid a paradoxical 
increase of disease incidence in the unvaccinated people. 


Countries with improving socioeconomic status may rapidly move from high to intermediate hepatitis A endemicity, rendering a larger 
proportion of the adolescent and/or young adult population susceptible to HAV. In these countries, large-scale hepatitis A vaccination in 
early childhood is likely to be cost-effective and is therefore recommended. While introducing the vaccine in such situations, the countries 
may consider in addition the need for catch-up immunization. 


Targeted vaccination of high-risk groups should be considered in low and very low endemicity settings to provide individual health 
benefits. Groups at higher risk of hepatitis A (for example, travellers to areas of intermediate or high endemicity, men who have sex with 
men, at-risk occupational groups, people who inject drugs, people who experience homelessness, migrants, refugees and incarcerated 
persons) and groups at a higher risk of severe hepatitis A disease (such as patients with chronic liver disease or people living with HIV) 
should be vaccinated. 


Hepatitis A vaccine has largely replaced immune globulin for pre- and post-exposure prophylaxis since it has a similar efficacy and better 
safety profile, lower cost, wider availability and accessibility, and provides longer persistent protection.  


In outbreak situations, single-dose hepatitis A vaccination is recommended, taking into account the epidemiology and feasibility of rapidly 
implementing a well targeted vaccination programme. The use of hepatitis A vaccine to control outbreaks is most likely to be successful 
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when the affected population is well defined, when vaccination is started early in the course of the outbreak, and when high coverage 
can be achieved. Vaccination efforts should be supplemented with health education and improved sanitation.   


Currently, inactivated HAV vaccines are licensed for intramuscular administration in a two-dose schedule with the first dose given at the 
age 1 year or older. The interval between the first (primary) dose and the second (booster) dose is flexible (from 6 months up to 4–5 
years), but is usually 6–18 months. The live attenuated vaccine is administered as a single subcutaneous dose. 


Countries may use inactivated hepatitis A vaccines as either a single-dose or two-dose schedule in their immunization programmes. For 
the inactivated vaccine, data on vaccine effectiveness, antibody persistence, and modelling on long-term seroprotection suggests that a 
single-dose schedule is comparable to the two-dose schedule in children, in addition to being less expensive and easier to implement.  


Until further experience has been obtained with a single-dose schedule, in immunocompromised individuals, a two-dose schedule is 
preferred. Inactivated hepatitis A vaccines produced by different manufacturers, including combined hepatitis A vaccines, are 
interchangeable. 


Apart from severe allergic reaction to the previous dose, there is no contraindication to the use of inactivated hepatitis A vaccines. These 
vaccines can be administered simultaneously with any of the vaccines routinely used in childhood immunization programmes or for travel 
prophylaxis. Inactivated hepatitis A vaccines should also be considered for use in pregnant women at risk of HAV infection. 


Severe allergy to components included in the live attenuated hepatitis A vaccines is a contraindication to their use, and as a rule, live 
vaccines should not be used in pregnancy or in severely immunocompromised patients.  Information available on co-administration of 
live attenuated hepatitis A vaccines with other routinely used vaccines is available only from China. 


Following introduction of hepatitis A vaccines, assessment of their impact using morbidity and mortality surveillance data is important. 
Duration of the protection induced by one and two-dose schedules should be regularly monitored. Introduction of vaccines should be 
accompanied by monitoring and evaluation plans. 


IMPLEMENTATION 
CONSIDERATIONS 


Inactivated vaccines can be administered simultaneously with any of the vaccines routinely used in childhood immunization programmes 
or for travel prophylaxis. The live attenuated vaccine is administered as a single subcutaneous dose. 


MONITORING, 
EVALUATION AND 
RESEARCH 
PRIORITIES 


Long term efficacy of the vaccine has been shown beyond 7 years and  seroprotection up to 15 years (Live-attenuated vaccine) and 12 
year (inactivated vaccines) . Following introduction, monitoring of disease incidence, and sero-surveillance is important to fully 
characterise the durability of the vaccine, especially in the context of reduced natural boosting due to reduction in endemicity and one 
dose schedules. 
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1 Summary of findings  
 


1.1 EFFECT OF HAV VACCINE SCHEDULES ON EFFECTIVENESS 


 
No efficacy trials were identified during the 2012 – 2021 included time period. Hence, effectiveness 
was the main outcome of interest.  Effectiveness was assessed by consideration of HAV clinical 
disease incidence, as well as immunogenicity by seroprotection (as defined by the individual study) 
and geometric mean concentration in included observational studies. 
 
Single and two dose study results were pooled and stratified by ≤ 7 years or > 7 years of follow up as 
well as by type of vaccine (live attenuated vaccines or inactivated vaccines). No analysis was 
undertaken by the vaccine manufacturer. The maximum length of follow up was 25 years. 
      
We did not assess the impact of vaccination on HAV circulation in water and soil. 
 
The analysis found that hepatitis A vaccines are effective in preventing HAV clinical disease and 
confer seroprotection, regardless of type of vaccine (live attenuated or inactivated); further that 
hepatitis A vaccines confer long –term protection against hepatitis A related disease, including 
seroprotection.  
 


1.2 EFFECT OF HAV VACCINE SCHEDULES ON IMPACT 


 


The mean hepatitis A incidence decreased in all studies after the introduction of general population 
vaccination programs (‘post vaccination’). In single dose studies, the hepatitis A incidence in all age 
groups decreased by 59% to 99%. In two dose studies, the incidence in all age groups decreased by 
76% to 98%. In studies that reported incidence by age group, the largest decreases were found 
among children aged <10 years old. 


 
The impact of HAV vaccination on population seroprevalence was complex to assess given 
seroprevalence in the population across ages is dependent on endemicity and vaccination rates. There 
were limited nation-wide studies investigating seroprevalence pre and post universal vaccination. 
There were no clear trends in seroprevalence by age group. 
 
There were no studies that investigated impact on outcomes in at-risk populations (i.e. liver 
transplantation liver failure), nor impact on change in HAV circulating serotypes. 
 


1.3 EFFECT OF HAV VACCINE SCHEDULES ON COST EFFECTIVENESS 


A consistent finding was that single dose vaccine schedules were more cost effective than 2 dose 
schedules, even when some reduced efficacy was factored into the single dose analysis. Indeed, 
single dose schedules were cost saving in a number of studies, compared to two dose schedules being 
just cost effective.  
 
Higher endemicity, lower cost of vaccine and longer seroprotection assumptions resulted in 
improved cost effectiveness. Assumptions of coverage varied. 
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One study of the cost effectiveness of catch-up vaccines (USA) could not demonstrate clear cost 
effectiveness, apart from in specific late childhood age groups. 
 


1.4 EFFECT OF HAV VACCINE SCHEDULES ON ADVERSE EVENTS 


 
 
Studies analyzed adverse events following vaccination among healthy children and adolescents. Very 
few studies examined adverse events of long-term occurrence (over many months to years), and the 
majority of publications have only short follow-up periods of observation. Incidence of adverse 
events for both live and inactivated vaccines when administered individually was substantially low 
across all studies.  Mild inflammatory local site reactions were the most frequent. 
 
One included systematic review (Irving, Holden, Yang, & Pope, 2012) examined published literature 
on vaccine safety and adverse events in the period until 2011.  Meta-analysis did not identify any 
adverse events of note, although data from live vaccines was limited.  
 


1.5 CERTAINTY OF EVIDENCE 


All analyses of evidence over the inclusion period January 2012 to February 2021 were graded as 
very low certainty.  Loss to follow up and uncontrolled confounders were consistent limitations 
across the data. 
 


1.6 GAPS IN THE EVIDENCE 


The major gap in evidence was the lack of direct comparisons of single vs two dose HAV vaccine 
regimens over the long-term (> 7 years). Data with direct comparisons was limited to one series of 
studies in one country (Espul et al., 2020).  
 
Most studies focused on clinical disease in terms of effectiveness and impact evaluation. Other 
relevant outcomes to accurately determine HAV burden of disease and vaccination impact, such as 
death and hospitalizations rates, were not assessed in the studies reviewed.  
 
Overall methodology of most studies did not allow identification of natural infection following 
vaccine administration. Therefore, it was not possible to estimate to what extent observed 
effectiveness and immunogenicity were influenced by the boosting effect of natural infection.  
 
We found only two studies assessing cellular immunogenicity over long-term following 
immunization (Mayorga et al., 2016; Urueña et al., 2021), whereas most studies included in our 
review focused on humoral immunity only.  There was some evidence through booster challenges 
(providing a second or third dose long after – years – the first and measuring immunogenicity) of the 
preservation of immune memory over long periods of time following initial single (or two dose) 
vaccination; however these studies were small scale (Chen et al., 2018; Urueña et al., 2021). 
 
We did not identify manuscripts focused on evaluating safety profile of HAV vaccines when 
administered in combination with vaccines targeting other viruses or microorganisms. 
 


1.7 IMPLICATIONS OF FINDINGS  
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In this analysis, no difference was found between one and two dose schedules in terms of clinical 
case incidence and seroprotection. There was a reduction in the GMC in single-dose regimens. 
Booster studies of individuals receiving one dose and followed long-term showed strong responses 
from anamnestic immune memory even in HAV seronegative individuals vaccinated up to 17 years 
prior. The impact of single dose programs is marked on HAV epidemiology. CEA studies show one 
and two doses are both cost effective, but single doses are often cost saving. Over the next 5 to 10 
years it appears there will be additional data available including from (1) these same studies with 
longer follow up and (2) more population impact data from countries having implemented single 
dose regimens.  Analysis and interpretation are limited by small studies, very low certainty of 
evidence and limited long-term data.  
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2 Background 
 


2.1 INTRODUCTION 


 
Hepatitis A (HAV) is an enterically transmitted ribonucleic acid virus that causes acute infection 
resulting in inflammatory liver disease which can be severe (fulminant) in some cases. It is endemic 
to many low- and middle-income countries, though sporadic outbreaks occur across all countries. 
Socioeconomic development and improved sanitation have resulted in epidemiological transitioning 
from high- to intermediate endemicity in many middle-income regions and countries, leading to a 
shift in the susceptible populations for infection and disease. Consequently, there is a need to further 
consider population based systematic immunization programs within such communities.  
 
HAV vaccination is the mainstay of HAV prevention. In 2012, the World Health Organization 
(WHO) issued a position paper on vaccination with the following key recommendations:  


(a) that HAV vaccination should be part of a comprehensive plan for the prevention and 
control of viral hepatitis, including measures to improve hygiene and sanitation and 
measures for outbreak control; 


(b) that HAV vaccination be integrated into the national immunization schedule for children 
aged ≥ 1 year if indicated on the basis of incidence of acute hepatitis A, change in the 
endemicity from high to intermediate, and consideration of cost-effectiveness;  


(c) that HAV vaccination be not recommended in highly endemic settings where a high level of 
immunity is present; and 


(d) that HAV vaccination in low endemic settings be recommended for high risk groups 
including travellers to endemic regions, lifelong recipients of blood products, men who have 
sex with men (MSM), people who inject drugs (PWID) and those working with non-human 
primates. 


 
The 2012 WHO position paper (WHO, 2012) concluded that national immunization programmes 
may consider inclusion of single-dose inactivated HAVs in immunization schedules but noted that 
until further evidence was made available, the 2-dose regimen was preferred for individuals at risk of 
infection. Given the expansion of single dose programs in many countries over the past decade, there 
is increasing evidence of the impact of single infant vaccine programs to reduce the population 
burden of HAV and confer immunity to those immunized. 
 
Building on the systematic review that contributed to the 2012 WHO position paper, later published, 
this systematic review seeks to primarily address this evidence gap on the impact of single-dose 
inactive vaccines and long-term protection conferred through this approach. In addition, the 
systematic review examines the effectiveness, immunogenicity, impact, safety and cost effectiveness 
of paediatric HAVs and cost-effectiveness of such strategies within routine infant, childhood or 
adolescent immunization programs. 


3.3_HepatitisA


SAGE meeting April 2022 10







 


11 


 


3 Methods 
 


3.1 POPULATION, INTERVENTION, COMPARISONS, OUTCOMES, STUDY DESIGN (PICOS)  


 


3.1.1 Population 


The population was infants and children aged between 0 and 17 years old. Adults in whom outcomes 
of interest were evaluated and who belong to a population in whom a hepatitis A childhood 
vaccination program has been implemented as either universal or non-universal (targeted to specific 
population groups). 
 


3.1.2 Intervention 


Either of the following as both single-dose or multiple-dose:  
I. Live attenuated vaccines 


II. Inactivated vaccines (monovalent or combination vaccine), both with either one or 
two doses. 


 


3.1.3 Comparisons 


Any of the following:  
III. Inactivated vaccine 
IV. Live vaccine 
V. No vaccine 


VI. Placebo 
VII. Same vaccine type examining a different immunization scheme (e.g. 1 vs 2 doses) 


 


3.1.4 Outcomes 


There were four key outcomes: effectiveness, impact, safety and cost-effectiveness. 
 


1 Effectiveness  
● Disease incidence  
● Seroprotection & GMC:   


1. Anti-HAV total or IgG antibodies above threshold of seropositivity 
following vaccination. 


2. Proportion of individuals with a positive serological test showing anti-
HAV total or IgG antibodies titers above universally accepted 
seroprotection thresholds (10UI/ml or 20UI/ml) 


3. Anti-HAV total or  IgG antibodies titers or concentrations measured up to 
the maximum follow-up time after immunization 


● Modeling studies will also be considered through descriptive analysis 
 


2 Impact 
● Seroprevalence of anti-HAV antibodies before and after introduction of vaccination 


program  
● Disease incidence before and after introduction of vaccine 
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● Modelling studies will also be considered through descriptive analysis 
 


3 Safety 
● Occurring after administration of HAV: local or systemic; serious vs non-serious 
● HAV clinical disease, non-fatal complications and mortality. 


 
4 Cost-effectiveness 


● Incremental cost-effectiveness ratio (ICER) 
● Cost / Quality-adjusted life year (QALY) 


 


3.1.5 Study design 


● Observational studies: cross-sectional studies, cohort studies, retrospective case control 
analysis, case cohort studies, time series analysis, ecological studies. 


● Experimental studies: randomized controlled trials (RCT), quasi-randomised controlled trials 
(qRCT), community trials, field trials 


● Systematic reviews 
● Cost-effectiveness studies, modeling analyses. 


 


3.1.6 Duration of follow-up 


We were interested in long-term outcomes of HAV vaccination, specifically with single dose vaccine 
schedules in paediatric populations. Given the large number of studies of the short-term efficacy and 
effectiveness of HAV vaccine, we excluded studies of less than 3 years follow up. The longest study 
follow was 25 years, therefore duration of follow up was from 3 – 25 years. Analysis was split at 
year 7 so effectiveness was compared between 3 – 7 years follow up and 7 – 25 years follow up. 
 


3.1.7 PICO question 


The search strategy was undertaken to address the following PICO questions in the period 2012 to 
February 2021.  
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Table 1. Primary outcomes 


Questions PICO formulation 


1. Are hepatitis 
A vaccines 
safe (a) and 
effective (b) 
to prevent 
clinical 
disease and 
transmission 
of infection, 
to confer 
seroprotectio
n? 


 
 
 
 
 
 
 
 
 


- Population: children and/or adolescents (aged between 0 and 17 years 
old) living in communities where a universal or targeted hepatitis A 
immunization program/strategy has been implemented. 
- Intervention: any of the following: 
(i) Live attenuated vaccines (one or two doses) 
(ii) Inactivated vaccines (one or two doses) 
- Comparator *: any of the following:  
(i) inactivated vaccine 
(ii) live vaccine 
(ii) no vaccine 
(iii) placebo 
(iv) same vaccine type examining a different immunization scheme (e.g. 
1 vs 2 doses) 
- Outcome:  
(ii) Direct, indirect effectiveness for the prevention of infection (defined 
as evidence of HAV seropositivity presumably following infection), 
clinical hepatitis A disease, non-fatal complications, and death. 
(i) Adverse events occurring after administration of hepatitis A vaccine: 
local or systemic; serious vs non-serious 
(iii) Anti-HAV IgG antibodies above threshold of seropositivity 
following vaccination. 
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Do hepatitis A 
vaccines confer long 
–term protection 
against Hep A 
related disease (a) or 
seroprotection (b)? 
** 


2.  


- Population: children and/or adolescents (aged between 0 and 17 years 
old) living in communities where a universal or targeted hepatitis A 
immunization program/strategy has been implemented. Adults who have 
been exposed to hepatitis A vaccination during their childhood, and in 
whom outcomes of interest are evaluated. 
 
- Intervention: any of the following: 
(i) Live attenuated vaccines (one or two doses) 
(ii) Inactivated vaccines (one or two doses) 
 
- Comparator *: any of the following:  
(i) inactivated vaccine 
(ii) live vaccine 
(ii) no vaccine 
(iii) placebo 
(iv) same vaccine type examining a different immunization scheme (e.g 
1 vs 2 doses) 
 
- Outcome:  
(i) HAV clinical disease, non-fatal complications and mortality. 
(ii) Proportion of individuals with a positive serological test showing 
anti-HAV IgG antibodies titers above universally accepted 
seroprotection thresholds (10UI/ml or 20UI/ml) 
(iii) Anti-HAV IgG antibodies titers or concentrations measured up to 
the maximum follow-up time after immunization 
 


* In observational studies, a comparator might not be available. 
** For the purpose of this systematic review, long-term seroprotection will be defined as any 
evidence (clinical or non-clinical) of vaccine immunogenicity, which may be examined at least 4 
years after the introduction of the hepatitis A vaccination program/strategy being assessed.  
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Table 2. Secondary outcomes 


Questions PICO 


3. Are hepatitis A 
vaccines efficacious to 
prevent clinical 
disease and clinical 
complications? 


 
4. What is the 


impact of universal 
childhood/adolescent 
hepatitis A 
vaccination programs 
on population level 
disease incidence, 
seroprevalence of 
anti-HAV antibodies, 
viral circulation and 
outbreaks occurrence 
over time? 


 
5. Are  universal 


childhood/adolescent 
hepatitis A 
immunization 
programs cost-
effective? 


 
6. Do hepatitis A 
vaccines confer 
protection in terms of 
cellular immunity?  


- Population: children and/or adolescents (aged between 0 and 17 
years old) living in communities where a universal or targeted 
hepatitis A immunization program/strategy has been implemented. 
Adults exposed to hepatitis A vaccine during their childhood, in 
whom vaccine impact is examined.  
 
- Intervention: any of the following: 
(i) Live attenuated vaccines (one or two doses) 
(ii) Inactivated vaccines (one or two doses) 
 
- Comparator *: any of the following:  
(i) inactivated vaccine 
(ii) live vaccine 
(ii) no vaccine 
(iii) placebo 
(iv) same vaccine type examining a different immunization scheme (e.g 
1 vs 2 doses) 
 
- Outcomes for efficacy: 
(i) hepatitis A disease 
(ii) Mortality 
(iii) Non-fatal complications of hepatitis A disease 
 
- Outcomes for impact: 
(i) Seroprevalence of anti-HAV antibodies before and after introduction 
of vaccination program 
(ii) Disease incidence before and after introduction of vaccine 
(iv) Occurrence of hepatitis A outbreaks within a community exposed to 
a universal childhood/adolescent immunization program 
(v) Change in HAV circulating serotypes 
 
- Outcomes for cost-effectiveness:  
 
- Outcomes for cellular immunogenicity: 


(i) Vaccine-driven cellular immunity, evidenced as the 
proportion of sensitized T cells  in the trial subjects, at maximum 
follow-up time. 


 


 


3.1.8 Exclusion criteria 


● Non-human studies 
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● Study designs: historical controlled studies, acceptability studies, narrative reviews, case 
series, case reports, experts consensus,  research protocols, newspaper articles or other forms 
of popular media. Additionally: 


● Immunization targeting adults only (individuals aged 18 years old or older) 
● Research performed only in the context of an outbreak investigation 
● Secondary prophylaxis (immunization after exposure to individuals infected)  


 
3.2 SEARCH METHODS FOR IDENTIFICATION OF STUDIES 


 


3.2.1 Electronic searches 


The search strategy was undertaken to address the following PICO questions in the period January 1, 
2012 and February 9, 2021. The search was carried out in Medline (PubMed), the Cochrane Library, 
Scopus, Virtual Health Library and Scielo. 
 


 
Table 3. Search terms in electronic databases 


Database Search terms 


PubMed  


#1 Vaccination [MeSH Terms] 
#2 immunization [MeSH Terms] 
#3 (Vaccines, Attenuated [MeSH Terms]) OR (Vaccines, Inactivated [MeSH 
Terms]) 
#4 vaccin*[ti/ab] OR immuni*[ti/ab] OR inoculat*[ti/ab] 
#5 (#1 OR #2 OR #3 OR #4) 
#6 (hepatitis A[MeSH Terms]) OR (hepatitis A vaccines[MeSH Terms]) 
#7 ("hepatitis-A"[Title/Abstract]) OR ("hep A"[Title/Abstract]) 
#8 (#6 OR #7) 
#9 (hepatitis B NOT (hepatitis B AND hepatitis A)) 
#10 (#8 NOT #9) 
#11 (#5 AND #10) 
#12 Animals NOT (Animals AND Humans) 
#13 (#11 NOT 12) 
#14 (“randomized controlled trial”):pt OR (“controlled clinical trial”):pt OR 
(randomized):ti,ab OR (placebo):ti,ab OR (randomly):ti,ab 
#15 (trial):ti,ab OR (groups):ti,ab OR (random*):ti,ab OR (cohort*):ti,ab  
#16 (case AND control*):ti,ab OR (case AND series):ti,ab OR (“case-control 
study”):MeSH Terms OR (“systematic review”):pt OR (“cohort 
studies”):MeSH Term 
#17 MeSH descriptor:[Epidemiologic Methods] explode all trees 
#18 (#14 OR #15 OR #16 OR #17) 
#19 (#13 AND #18) 


#20 (2012/01/01 [Date – Publication]: 3000) 
#21 (#19 AND #20) 
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Cochrane * 


#1 MeSH descriptor: [Vaccination] explode all trees 
#2 MeSH descriptor: [Immunization] explode all trees 
#3 (vaccine* AND (attenuated OR inactivated)):ti,ab,kw 
#4 (vaccin* OR immuni* OR inoculat*):ti,ab,kw 
#5 (#1 OR #2 OR #3 OR #4) 
#6 MeSH descriptor: [hepatitis A] explode all trees 
#7 (hepatitis-A OR hep A):ti,ab,kw 
#8 (#6 OR #7) 
#9 (hepatitis B NOT (hepatitis B AND hepatitis A)) 
#10 (#8 NOT #9) 
#11 (#5 AND #10) 
#12 Animals NOT (Animals AND Humans) 
#13 (#11 NOT 12) 
#14 (“randomized controlled trial”):pt OR (“controlled clinical trial”):pt OR 
(randomized):ti,ab,kw OR (placebo):ti,ab,kw OR (randomly):ti,ab,kw  
#15 (trial):ti,ab,kw OR (groups):ti,ab,kw OR (random*):ti,ab,kw OR 
(cohort*):ti,ab,kw OR (“cohort studies”):pt 
#16 (case AND control*):ti,ab,kw OR (case AND series):ti,ab,kw OR (“case-
control study”):pt OR (“systematic review”):pt  
#17 MeSH descriptor:[Epidemiologic Methods] explode all trees 
#18 (#14 OR #15 OR #16 OR #17) 
#19 (#13 AND #18) 
with Cochrane Library publication date from Jan 2012 to Jan 2021 
 
* Results from Cochrane Library included both Embase and PubMed 
citations. 
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Scopus 


#1  TITLE-ABS-KEY ( vaccination )  OR  TITLE-ABS-KEY ( immunization 
)  OR  TITLE-ABS-KEY ( vaccin* )  OR  TITLE-ABS-KEY ( immuni* )  OR  
TITLE-ABS-KEY ( inoculat* )  


#2 TITLE-ABS-KEY ( vaccine*  AND  ( attenuated  OR  inactivated ) ) 


#3 (#1 OR #2) 


#4 ( TITLE-ABS-KEY ( "hepatitis A" )  OR  TITLE-ABS-KEY ( "hep A" )  
OR  TITLE-ABS-KEY ( "hepatitis-A" )  OR  TITLE-ABS-KEY ( "hepatitis A 
vaccines" ) )  


#5  ( ALL ( "hepatitis B" )  AND NOT  ALL ( "hepatitis B"  AND  "hepatitis 
A" ) )  


#6 (#4 AND NOT #5) 


#7 (#3 AND #6) 


#8 ( ALL ( animals )  AND NOT  ALL ( animals  AND  humans ) ) 


#9 (#7 AND NOT #8) 


#10 ( TITLE-ABS-KEY ( "randomized controlled trial" )  OR  TITLE-ABS-
KEY ( "controlled clinical trial" )  OR  TITLE-ABS-KEY ( randomized )  OR  
TITLE-ABS-KEY ( placebo )  OR  TITLE-ABS-KEY ( randomly )  OR  
TITLE-ABS-KEY ( trial )  OR  TITLE-ABS-KEY ( groups )  OR  TITLE-
ABS-KEY ( random* )  OR  TITLE-ABS-KEY ( cohort* )  OR  TITLE-ABS-
KEY ( "cohort study" )  OR  TITLE-ABS-KEY ( case  AND  control* )  OR  
TITLE-ABS-KEY ( case  AND  series )  OR  TITLE-ABS-KEY ( "case 
control study" )  OR  TITLE-ABS-KEY ( "systematic review" )  OR  TITLE-
ABS-KEY ( "epidemiologic methods" ) )  


#11 (#9 AND #10) 


#12 (#11 AND PUBYEAR > 2011) 


#13 (#12 AND NOT INDEX(medline)) 


3.3_HepatitisA


SAGE meeting April 2022 18







 


19 


 


VHL 


#1 (tw:vaccination OR tw:immunization OR tw: vaccines AND (Attenuated 
OR Inactivated) OR tw:vaccin* OR tw:immuni* OR tw:inoculat*)  
 
#2 (tw:"hepatitis A" OR tw:"hepatitis A Vaccines" OR tw:"hepatitis-A" OR 
tw:“hep-A”) AND NOT (“hepatitis B” AND NOT (“hepatitis B” AND 
“hepatitis A”)) 
 
#3 (#1 AND #2) 
 
#4 Restricted to publication date between 2012 and 2020 
 
#5 Restricted to all databases excluding Medline 
 
Final search strategy:  
 
tw:((tw:(vaccination OR immunization OR (vaccine* AND (attenuated OR 
inactivated)) OR vacci* OR immuni* OR inoculat*)) AND (tw:(("hepatitis A" 
OR "hepatitis A Vaccines" OR "hepatitis-A" OR “hep-a”) NOT (“hepatitis b” 
NOT (“hepatitis b” AND “hepatitis a”))))) AND ( db:("LILACS" OR 
"IBECS" OR "BINACIS" OR "BDENF" OR "BRISA" OR "CUMED" OR 
"SES-SP" OR "WHOLIS" OR "ARGMSAL" OR "DECS")) AND 
(year_cluster:[2012 TO 2020]) 


* All searches were updated at each database, until February 02, 2021. 
 


3.2.2 Searching other resources 


We conducted additional searches for eligible, both published and unpublished studies applying the 
following methods:  


● Identification of relevant studies mentioned or presented in the meetings of the SAGE 
Working Group on HAV  


● Search of on-line registries for ongoing studies  
● Examination of websites of public health agencies or governmental institutions in countries 


with existing hepatitis A vaccination policies, to address queries on ongoing or finished 
studies they might have conducted in connection to the outcomes of interest of this systematic 
review 


● Exploration of systems for information on grey literature 
● Research on completed studies that have not been published yet and were carried out in 


countries of residence of some of the members of the Working Group 
● Reaching out to specific authors of included or other studies for further information and data 
● Direct contact with WHO and PAHO Country Offices by authors and working group 


members (experts or secretariat) 
 


3.3 DATA COLLECTION AND ANALYSIS 


 


3.3.1 Selection of studies 


Two reviewers independently performed the screening of titles, abstracts and subsequently full-texts, 
applying the stablished eligibility criteria. Disagreements were resolved by discussion between both 
reviewers until reaching a consensus. Where there was no agreement, a third reviewer was invited. 
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During the screening and selection process, studies assessing vaccination effects on adult population 
and high-risk adult/pediatric population groups were identified. Nonetheless, we did not apply 
specific search strategies addressed to such groups; therefore, evidence collected from such 
populations were only circumstantial and not systematic.  
 


3.3.2 Search, deduplication and integration of results  


Search terms were entered in the required format in each database (see detailed search terms in 
Annex 1). All publications between January 1, 2012 and February 09, 2021 were included. Results 
were imported into Endnote (a reference manager), merged and further deduplicated. The merged 
Endnote file was then imported into Covidence, a software tool for systematic literature review. A 
further deduplication was performed in Covidence.  Although search terms were in English, we did 
not restrict results by language. Search and importation of retrieved publications was performed by 
one reviewer only.  
 


3.3.3 Data extraction and management 


Data was extracted by two reviewers into a standardized table in Microsoft Excel which included all 
outcomes and study characteristics of interest. Before the start of the data extraction, the reviewers 
discussed relevant items for data extraction to minimize the risk of misinterpretation, omission and 
inaccuracy.  


3.3.4 Assessment of risk of bias in included studies 


One reviewer independently assessed the risk of bias for each individual primary study on single-
dose and multiple-dose schedules of hepatitis A vaccination. Results of the assessment were cross 
checked by a second reviewer. If any disagreement between both reviewers existed, it was solved 
through consensus. Assessment was made for longitudinal, cohort and randomized studies.  Cross-
sectional studies were not considered in evaluation of risk of bias. For observational studies we used 
the Cochrane Risk of Bias in Non-randomized Studies of Interventions (ROBINS-I). Most clinical 
trials included were followed by longitudinal studies aimed at examining long-term vaccine 
immunogenicity. Since our assessment was focused on results from prospective observation 
following randomization and assignment of intervention, publications on follow-up phases derived 
from randomized trials were evaluated through ROBINS-I instead of ROB-2 (Revised Cochrane risk 
of bias tool for randomized trials). For each study, a ROBINS-I template was fulfilled. Results of 
assessment for all studies were summarized and tabulated. 
 
We explored the possibility of assessing impact studies for risk of bias, but considering the multitude 
of shortcomings of these data (e.g. reliance on surveillance and notification systems of variable 
quality, multiple countries or regions, differences in definitions, laboratory quality, variability in 
vaccine programs and demographics), it was agreed an assessment of risk of bias would not add 
substantially to interpretation of the quality and outcomes of impact studies. 
 
We considered the following domains on evaluation: bias due to confounding, selection bias, bias 
derived from classification or deviations of intervention, bias due to missing data, information bias in 
measurement of outcome and bias in selection of reported results. Overall risk of bias was classified 
as critical, serious, moderate or low.  
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3.3.5 Dealing with missing data 


If data on specific outcomes or population groups were missing, we attempted to contact study 
authors to request this data. We did not impute missing outcome data. Where data were missing or 
losses to follow‐up were substantial, we downgraded the certainty of study evidence due to risk of 
bias according to GRADE criteria for all outcome analyses. 


 


3.3.6 Assessment of heterogeneity 


We considered heterogeneity and downgraded the certainty of the evidence according to GRADE 
criteria due to inconsistency where appropriate (Guyatt 2011b). When pooling of studies was feasible 
(i.e., at least two studies included), we inspected forest plots visually for potential outlying studies 
and variability in the estimated effects across studies. Where possible, we assessed statistical 
heterogeneity using the I2 statistic.  


3.3.7 Publication bias 


We had planned to use funnel plots to investigate the possible presence of small‐study effects for 
each outcome. However, we could not use this approach due to the limited number of studies per 
outcome. 
      


3.3.8 Summarising and interpreting results 


We used the GRADE approach to interpret findings and create ‘Summary of findings’ tables 
following the GRADE handbook. These tables provided outcome-specific information concerning 
the overall certainty of evidence from each included study in the comparison, the magnitude of effect 
of the interventions examined, and the sum of available data. Evidence certainty was downgraded for 
the following reasons:  
 


● Limitations in study design or execution (risk of bias) 
● Inconsistency of results 
● Indirectness of evidence 
● Imprecision  
● Publication bias 


      
The different levels of certainty that result from GRADE ratings of the evidence should be 
interpreted as follows: 


● High-certainty: further research is very unlikely to change our confidence in the estimate 
of effect.  


● Moderate-certainty: further research is likely to have an important impact on our 
confidence in the estimate of effect and may change the estimate. 


● Low-certainty: further research is very likely to have an important impact on our 
confidence in the estimate of effect and is likely to change the estimate.  


● Very low-certainty: we were very uncertain about the estimate. 
 


3.3.9 Sensitivity analysis 


For the critical question regarding the long term effectiveness of single dose HAV vaccine schedules 
in pediatric populations, given the very limited number of single dose studies and outcomes (disease, 
seroprotection and GMC) identified for inclusion in the meta-analysis, the utility of a sensitivity 
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analysis was limited; however, for this analysis (See SoF table Single dose HAV vaccine 
(inactivated) compared to 2 dose HAV vaccine (inactivated) for children >7 years follow up ) 
application of a fixed or random effects model did not alter the direction nor heterogeneity of the 
results. In addition, long term single dose follow-up studies were universally small outside of China 
and there were no long-term inactivated vaccine trials conducted in China.Also only one single dose 
study included in the meta-analysis was rated as having a low risk of bias, impeding our ability to 
explore the impact on the results of only including studies classified as having a low risk of bias. 


 


Sensitivity analysis of the GMC analysis identified the impact of Luo et al. 2019 on the outcome of 
single dose live attenuated (vs 2 dose inactive) vaccine. The mean GMC in this study was an order of 
magnitude higher than any other study (mean GMC > 5000 mIU/mL) for both arms. Only in one 
other study’s arms – the 2 dose arm of Espul et. al 2017, a single vs two dose inactive comparison 
with 7 year follow-up - was the mean GMC greater than 500 mIU/mL.  The higher GMC in Luo et 
al. 2019 is likely due to the natural environmental exposure to HAV in the study geographic area. 
Given the heavy impact of this substantially higher GMC on the results for this specific analysis, , 
we excluded Luo et al. from analysis of GMC mean difference, while including it in the analyses for 
other outcomes. 
 
 


3.3.10 Pooling data and meta-analysis 


When pooling was considered feasible, that is addressed similar research questions, populations and 
and outcome variables, we employed a random‐effects meta‐analysis since it was assumed that effect 
size might vary across studies and settings. We used data from the last available follow‐up relevant 
to the 7-year mark. That is, the latest data point prior or at 7 years follow up, for the 3 – < 7 year 
analysis group, and the latest data point for the ≥7 – 25 year analysis group. Where studies were 
measured multiple times over the course of the cohort, we took only one data point on either side of 
the =>7 year mark, as described. 
 


3.3.11 Integration of results with prior systematic review 


Three systematic reviews were reviewed and considered for inclusion in the current review. Two of 
these systematic review (Irving et al. 2012 & Ott et al. 2012) formed the background to the previous 
WHO position paper in 2012, providing data continuity between the two position papers:  


● Irving, G. J., Holden, J., Yang, R. & Pope, D. 2012. Hepatitis A immunisation in persons 
not previously exposed to hepatitis A. Cochrane Database Syst Rev, 2012, Cd009051. 


● Ott, J. J., Irving, G. & Wiersma, S. T. 2012. Long-term protective effects of hepatitis A 
vaccines. A systematic review. Vaccine, 31, 3-11. 


● Andani, A., van Damme, P., Bunge, E. M., Salgado, F., van Hoorn, R. C. & Hoet, B. 
2021. One or two doses of hepatitis A vaccine in universal vaccination programs in 
children in 2020: A systematic review. Vaccine. 


 
We contacted the authors of the respective publications regarding further details on all of these 
publications. Reference lists of these identified systematic reviews were checked for relevant articles 
that might have been overlooked. 
 
On close examination of all the search strategies and data, there was a clear distinction between the 
methods in Ott 2012 and Irving 2012, which drew most data from adults and the present systematic 
review which excluded adults, focusing on the paediatric population. Indeed, there was only one 
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additional study that could be identified which fulfilled the present systematic review search strategy, 
that of Bian et al. 2010 (Bian et al., 2010), however since it was a two-dose study only, it was not 
included. Early results from both the Argentina series of studies (Espul, Benedetti, Cuello, Houillon, 
& Rasuli, 2012; Espul et al., 2017; Espul, Benedetti, Linares, Cuello, & Rasuli, 2015; Espul et al., 
2020) and the Alaska series of studies (Mosites et al., 2018; Plumb et al., 2017; Raczniak, Bulkow, et 
al., 2013; Raczniak, Thomas, et al., 2013; Ramaswamy et al., 2020) were present in these previous 
systematic reviews and the present review. 
      
The Andani et al. 2021 (Andani et al., 2021) systematic review reported on vaccine efficacy and 
vaccine effectiveness (one and two dose, longevity), Impact of HAV vaccination on other hepatitis 
A-related outcomes (incidence of disease, hospitalizations and mortality) and population impact. 
Individual studies were presented and there was no pooling of data. The present review included key 
studies of importance identified in Andani 2021. We did not consider the impact of vaccination on 
HAV circulation in water and soil, which was covered in the Andani 2021 review.  
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4 Results 
 


4.1 DESCRIPTION OF STUDIES 


4.1.1 Results of the search 


 
Overall, 70 studies were included (Figure 1). The characteristics of individual studies are presented 
in the subsequent section of results. 
 


 
 


Figure 1 - Study Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow 


diagram. 


 


PRISMA 2009 Flow Diagram 
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Records identified trough Cochrane 
(n = 604) 


Records imported into Covidence to screen after 
duplicates removed in Endnote 


(n =  1761) 


Records screened (n = 1644) Records excluded 
(n = 1486 studies irrelevant) 


Full-text articles assessed for 
eligibility 
(n = 158) 


Full-text articles excluded, with 
reasons 
(n = 88) 


30 Wrong study design 
22 Duration of FU <3 years 
10 Adult population 
8 Wrong outcomes 
4 Language different from 
English, Spanish, German, 
Portuguese 
3 Duplicate 
6 Wrong patient population 
1 Abstract presentation 
1 Full-text unavailable 
1 Protocol only 
1 Wrong intervention 
1 Wrong setting 
 


Studies included in qualitative 
synthesis, by outcome 


(n =  72) 
 


Effectiveness: 28 
Impact: 22 


Cost-effectiveness studies: 8 
Modeling: 7 


Safety: 4 
Systematic reviews: 3 


 


Records identified trough VHL  
(n = 119) 


Records identified trough Scopus  
(n =  362) 


 
117 duplicates removed 


Full-text articles retrieved in 
sources different from electronic 


databases 
(n = 2) 
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4.2 INCLUDED STUDIES 


 
      
 


4.2.1  RCT studies 


Table 4. Included studies 


Author 
Year Participants Interventions Follow up 


duration Outcomes Source of funding Notes 


Liu 2013  
N=841  
 
Children  


1. Single dose inactivated 
(Healive) 
2. Two-doses inactivated 
(Healive) 
3. Single dose live 
attenuated (3 types of 
vaccine) 


6 months 
(n=196)  
12 12 months 
(n=422) 


GM1C Sinovac Biotech 
Co., Ltd Very short follow-up 


Zhang 
2017 


N=332  
 
Children  


1. Single dose inactivated 
(Biovac) 
2. Single dose live 
attenuated (Healive) 


5 years 
(n=182) 


GMC and 
seropositivit
y 


Sinovac Biotech 
Co., Ltd 


These vaccines are not 
available on the global 
market 
Seroprotection level 
does not appear to be 
defined (is 20IU/mL in 
other Chinese studies) 


Yu 2016 N=400 
 
Children 1-8 years 


1. Two-doses inactivated 
(Healive), 0 and 6 
months. 
2. Two-doses inactivated 
(Havrix), 0 and 6 months. 


5 years 
(n=309) GMC and 


seroprotecti
on 


National Natural 
Science 
Foundation of 
China 


While seroprotection 
not universal at 5 
years, it was universal 
at 11 years 


Wang 
2020 


11 years 
(n=290) 
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Luo 2019 


N=9000 
 
Infants 18 – 36 
month (n=3000), 
Children 3- 16 years 
old (n=3000), Adults 
> 16 years (n=3000)  


1. Two-doses inactivated 
(6 months apart) 
2. Single dose live 
attenuated  
 
(Both manufactured by 
the Institute of Medical 
Biology, Chinese 
Academy of Medical 
Sciences, Kunming, 
China) 


3 years 
(n=559) 


GMC and 
seroconversi
on 


The Jointly 
Supported 
Foundation of the 
National Project in 
Yunnan Province, 
the CAMS 
Initiative for 
Innovative 
Medicine, the 
National Natural 
Science 
Foundation of 
China, and the 
Natural Science 
Foundation of 
Yunnan Province. 


Blood samples were 
collected at 28 days, 1 
year, 2 years and 3 
years after vaccination. 
The risk of re-
exposure to wild-type 
HAV or live vaccine 
virus strain excreted in 
the field cannot be 
excluded as possible 
explanations for the 
elevation of anti-HAV 
titers in this study 
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4.2.2 Cohort studies with LTFU (> 3 years) 


Author Year Participants Study design Interventions Follow up 
duration Outcomes Notes 


Bhave 2015 


N=143 
 
Children 1-12 
years old 


Observational 
cohort  


Single dose live 
attenuated (Biovac-
A)  


10 years (n=108) 


GMT  
 


Cohort GMT was higher 
(101) at year 10 than at 
year 6 (66) 
In 2010, there were 25 
children with anti-HAV 
titres <20mIU/mL. They 
were not given any 
additional dose / doses of 
live/inactivated HAV 
vaccine. The serial anti-
HAV GMTs of these 25 
children as compared to all 
98 with single dose of live 
HAV vaccine is presented. 
In 2014 and 2019, 23 of 
these 25 regained 
seroprotective levels. 


Bhave 2021 15 years (n=98) 


Brito 2018 


N=1135 
 
Children 1-2 
years  


Observational 
cohort  


Single dose 
inactivated 
(VaqtaTMPed/Adol, 
MSD) 


236 days 
(n=252) 


Anti-HAV 
antibody  
positive 


Anti-HAVab with DBS 
EIA and if negative 
(18/252) then venous EIA 


Chen 2018 


N=47 
 
Children 1-12 
years old 


Observational 
cohort within an 
RCT 


Participants from 
longer term study 
that received single 
dose of live 
attenuated (Pukang 
Biotech) in 1996 – 
1999, who received 
a booster vaccine in 
this study 


17-years (n=47) 


B cell and T 
cell immune 
memory and 
GMC 


Long follow up and recall 
responses after a booster 
suggest that the existence 
and functions of HAV-
specific memory B cells 
are independent of the 
status of the serum anti-
HAV antibody.  
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Dagan 2016 


N=327 
 
Children 12 – 
15 months  


Observational 
cohort within an 
RCT 


1. Epaxal Junior + 
routine childhood 
vaccination (RCV) 
(both day 1) and 
HAV booster at 6 
months 
2. Epaxal Junior 
(day 1) + RCV (day 
29) and HAV 
booster at 6 months 
3. Havrix 720 + 
RCV (Both day 1). 
and HAV booster at 
6 months 


15 month (n-
157) 


GMC and 
seroprotection 


2 doses, study examined 
impact of different vaccine 
brand when administered 
with or without RCV 


Espul 2012 


N=546 
 
Children 12 – 
23 months 


Observational 
cohort within an 
RCT 


1. Two dose 
inactivated 
(Avaxim™ 80 U 
Pediatric) at 12 and 
18 months 
2. Single dose 
inactivated hepatitis 
A vaccine 
(Avaxim™ 80 U 
Pediatric) at 12-23 
months. 


3 years (n=365) 


GMC 


Although GMC decreased 
for the group, some 
participants increased 
GMC indicating potential 
environmental exposure 
and increasing 
seroprotection to 100% at 
years 7 and 10. No clinical 
cases of acute HAV 
infection.  
Mathematical model 
predicted no difference in 
GMC between groups at 
30 years, with both above 
3mIU/mL 


Espul 2015 5 years (n=318) 
Espul 2017 7 years (n=204) 


Espul 2020 10 years (n=367) 
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Mayorga 
2016 


N=130 
 
Children 1.7–
17 years 


Observational 
cohort  


Single dose 
virosomal 
(Avaccine Epaxal 
(Crucell 
Switzerland) then at 
year 7.5 a booster 
dose of (Havrix 
Junior or Havrix, 
depending on age) 


7.5 years 
(n=105) GMC 


No adverse events 
Area of endemic HAV 
infection and authors had 
predicted an attack rate of 
15% during the study 
period with a 99% 
probability 


Mitra 2015 


N=349 
 
Children 1-12 
years 


Observational 
cohort  


Single dose live 
attenuated (Biovac 
ATM, H2 strain, 
freeze dried) 


5 year (n=111) Seroconversion 
and GMC  


Lopez 2015 


N=537 
 
Children 1-15 
years 


Observation 
cohort 


Two dose 
inactivated 
(Avaxim® 80U 
Pediatric, Sanofi 
Pasteur), 6 months 
apart 


10 years (n=54) Seropositivity 
and GMC 


A minority of children 
increased their GMCs by 
year 15. 
Children HAV-
seropositive prior to 
vaccination appear to reach 
higher peak concentrations 
and have a slower rate of 
antibody decline post-
booster, but the small 
sample size (n = 6) means 
trends must be interpreted 
with caution. 


Sharapov 
2012 


N=197 
 


RCT of 3 different 
age schedules but 


Inactivated HepA 
vaccine HAVRIX 10 years (n=197) Seroprotection, 


GMC and 
Vaccinating later (after the 
first year of life) showed 
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Spradling 
2016 


Children 6 – 21 
months 


treated as 
Observation 
cohort (outcomes 
grouped) 


(GlaxoSmithKline 
Biologicals, 
Rixensart, 
Belgium) 
1. Two doses at 6 & 
12months of age.  
2. Two doses at 12 
& 18 months of age  
3. Two doses at 15 
& 21months of age 


15 years (n=183) 


maternal 
antibody status 
 


greater long-term 
protection. 
Maternal antibody 
positivity associated with 
reduced long-term 
protection (but minimal).  
There were 43/129 (34%) 
of children exposed to 
maternal anti-HAV Ab in 
the study at 10 years 


Raczniak 
2012 


N=143 
 
Children 3 -6 
years  


RCT of 3 different 
age schedules but 
treated as 
Observation 
cohort (outcomes 
grouped) 


Inactivated HepA 
vaccine HAVRIX 
(GlaxoSmithKline 
Biologicals, 
Rixensart) 3 dose 
schedules 
1. 3 doses at 0, 1, 
and 2 months  
2. 3 doses at 0, 1, 
and 6 months 
3. 3 doses at 0, 1, 
and 12 months 


17 years (n=58) 


Seroprotection 
and GMC  
 


Authors have published 
that this 3 dose schedule is 
equivalent to the current 2 
doses schedule, hence 
included in this analysis 
(Raczniak 2013)   
Participants in schedule C 
had a consistently and 
significantly higher GMC 
compared to those in 
schedule A at the 10 year, 
14 year, and 22 year time 
points. 
At year 2017, authors had 
concluded that is was 
likely protection would 
persist into late adulthood 


Plumb 2016 22 years (n=52) 
Mosites 2017 20 years (n=46) 


Ramaswamy 
20201 25 years (n=43) 


 
1 We include the Alaska series of long-term follow up of a 3 dose series of inactive HAV vaccine randomized to 3 schedules in Indigenous 3- 6 
year old Alaskan children (0,1,2; 0,1,6; and 0,1,12 months). The authors have published the 3 doses schedule is equivalent to a 2 dose 
schedule.(Raczniak, Thomas, et al., 2013) In our analysis we include this RCT as a cohort (3 groups grouped together) in the 2 dose arm. 
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Urueña 2016 
N=1088 
Children 12 
months of age 


Observation 
cohort – 
seroprevalence 
study 


Single dose 
inactivated HAV 
vaccine 


9 years (n=1088) 
anti-HAV 
antibody levels 
and GMC 


Since 2005 and up to 2013, 
when this study began, 
more than 6 million doses 
of HAV vaccine were 
administered in the country 
and national vaccine 
coverage was above 92% 
during the whole period. 


Van Herck 
2015 


N=271 
 
Children aged 
1–17 years 


Observation 
cohort – was RCT 
but treated as 
cohort in this 
analysis 


1. Two doses 
intramuscular (i.m.) 
(Epaxal® Junior, 
Epaxal®  
2. Two doses 
(Havrix® Junior) 
according to a 0/6-
month schedule 


5.5 years 
(n=213) 


Seroprotection 
and GMC  
 


mIU/mL) was 25.1 years 
(95% CI: 22.5–27.3) for 
Epaxal® Junior, 28.3 years 
(95% CI: 26.4–31.0) for 
Epaxal® and 24.5 years 
(95% CI: 22.1–28.6) for 
Havrix® Junior 
Age had a significant 
influence on anti-HAV 
antibody decline over the 
5.5 years of follow-up and 
on the predicted duration 
of antibody persistence 
with younger subjects 
showing a faster decay and 
shorter periods of antibody 
persistence. This age effect 
seemed to be independent 
of gender and vaccine 
received. 
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4.2.3 Cohort studies with combined HAV HBV vaccines  


Author 
Year Participants Study design Interventions Follow up 


duration Outcomes  


Beran 2015 


N=162 
 
Adolescents 12-
15 years 


Observation 
cohort 


1. Two doses of combined 
HAV-HBV (Twinrix, GSK 
Vaccines, Belgium)  
2. Three doses of combined 
HAV-HBV (Twinrix, GSK 
Vaccines, Belgium) 


15 years 
(n=162) 


Seroprotection 
and GMC for 
HAV and HBV 
 


GMC is higher 
in 2 dose vs 3 
dose groups. 
TwinrixTMAdul
t; containing 720 
EL.U of 
inactivated HAV 
antigenand 20 g 
of HBs antigen. 
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4.2.4 Cohort studies with LTFU in special populations 


Author 
Year Participants Study design Selection 


criteria  Interventions Follow up 
duration Outcomes Notes 


Gouvea 
2015 


N=39 
 
Children  


Observation 
cohort 


HIV-infected vs 
HIV-exposed 
but non-infected 


Two doses 
inactivated 
(Havrix), over 6 
months 


7 years 
(n=39) Seropositivity 


Study was regarding 
infants exposed to 
or infected with 
HIV only 
The levels of 
hepatitis A 
antibodies in the 
primary vaccination 
were the only factor 
independently 
associated with 
maintaining these 
antibodies for 7 
years. The group 
that lost HAV 
seropositivity was 
revaccinated and 
83.3% (5/6) 
responded with 
antibodies >20 
mUI/mL. 
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Kalyoncu 
2012 


N=30 
 
Children 7.3 – 
18 years 


Observation 
cohort with 
matched 
control arm 


Children and 
adolescents, 
either healthy or 
with chronic 
hepatitis C virus  


Two doses 
inactivated 
(Havrix), over 6 
months 


8 years 
(n=30) 


Seroprotectio
n 


3/30 CHC children 
had initial evidence 
of nature HAV 
immunity so only 22 
included in the 
intervention, 
whereas 15/50 
control (non-CHC) 
had evidence of 
natural HAV 
immunity 
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4.2.5 Cross sectional studies 


Author 
Year Participants Study design Selection 


criteria  Interventions Follow up 
duration Outcomes Notes 


Xiaojin 
2020 


N= 6349 
 
Nationwide 


Observational 
(time separated 
serosurvey) 


Sera of 
individuals 
who had 
participated in 
a nationwide 
serological 
survey in 2014 
who had 
received HepA 
or HepA-L 


1. Single dose of live 
attenuated HepA (HepA-L) 
at 18months 
2. Two dose inactivated 
HepA-I at 18 and 24 
months 
  


10 years 
(n=6349) 


Seroprevalenc
e 


GMC not 
recorded. 
Low numbers 
in long-term 
groups. 


Juliao 20 
N=600 
 
Children 


Cross sectional 


Serosurvey of 
children who 
had received 
either 1 or 2 
Havrix doses 
under the 
National 
Immunization 
Program 


1. Single dose inactivated 
(Havrix) 
2. Two-doses inactivated 
(Havrix) 


10 years 
(n=601) 
persons) 


GMC, 
seropositivity 
and 
seroprevalence 


Ecological, 
province wide, 
notification 
data with 
embedded 
seroprevalence 
study  
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4.2.6 Case control studies 


Author 
Year Participants Study design Selection 


criteria  Interventions Follow up 
duration Outcomes Notes 


Gallone 
2016 


N= 
1827 
 
Adults (HAV 
vaccinated as 
children or 
adolescents)  


Retrospective 
case control 


Adult blood 
donors in Bari, 
Italy following 
initiation of 
HAV vaccine 
program in late 
1990s targeted 
to new-borns 
and 
adolescents  


1. Single dose HAV 
vaccine for 90% of 
cohort 
2. Two doses of HAV 
vaccine  


13 years 
(n=207) 


Anti-HAV 
positive 


Blood donor 
population study. 
Vaccination 
status checked 
against official 
records.  
Appears to be a 
maximum of 13 
years follow-up 
but would vary 
within the group 


Vizzotti 
2015 


N= 
1578 
 
Children 


Retrospective 
case control 


Children of 4 
provinces in 
Argentina 
(BsAs, BA 
province, 
Tucaman City 
and Santa Fe) 


Single dose inactivated 
vaccines: 
1. strains HM 175 720 
EL.U, HAVRIX [GSK 
Biologicals, Rixensart, 
Belgium] 
2. CR 326 25 U, 
VAQTA Merck Sharp 
& Dohme [Whitehouse 
Station, NJ] 
3. GMB 80 U, 
AVAXIM [Sanofi-
Pasteur, Lyon, France]; 
and RG-SB 
4. 12 UI, Virohep-A 
Junior [NOVARTIS, 
Buenos Aires, 
Argentina] 


4 years 
(n=1578) 


Seroprotection 
and GMC 
 


Attendance at 
kindergarten 
associated with 
seroprotection in 
MVA 
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4.2.7 Ecological studies 


Author 
Year 


Study 
population 


Study 
design Interventions Study 


period Outcomes Notes 


Yonghao 
2020 


Population 
wide in Henan 
province, China  


Ecological 


Single dose of live 
attenuated HepA (HepA-
L) (or two doses of 
inactivated vaccine 
(HepA-I), which was 
charged to the family) 


2008 – 
2018 


Vaccine coverage, 
HAV case 
notifications in 
national notification 
system, embedded 
seroprevalence  


Ecological, province wide, 
notification data. Embedded 
seroprevalence study 


Sun 2018 Population 
wide in China  Ecological 


1. Single dose live 
attenuated (HepA-L) at 
18months (115m 
administered) 
2. Two doses live 
attenuated (HepA-I) at 18 
and 24 months  


2008 – 
2016 


Vaccine coverage, 
HAV case 
notifications in 
national notification 
system, embedded 
seroprevalence  


Ecological, province wide, 
notification data. Embedded 
seroprevalence study 


Vizzotti 
2014 


Population 
wide in 
Argentina  


Ecological 


Single dose inactivated 
vaccines: 
1. strains HM 175 720 
EL.U, HAVRIX [GSK 
Biologicals, Rixensart, 
Belgium] 
2. CR 326 25 U, VAQTA 
Merck Sharp & Dohme 
[Whitehouse Station, NJ] 
3. GMB 80 U, AVAXIM 
[Sanofi-Pasteur, Lyon, 
France];  
4. RG-SB 12 UI, Virohep-
A Junior [NOVARTIS, 
Buenos Aires, Argentina] 


2000 - 2011 


Vaccine coverage, 
HAV case 
notifications in 
national notification 
system, fulminant 
hepatic failure and 
liver transplant 
 


Data from the National 
Health Surveillance System 
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4.2.8 Systematic reviews  


Author 
Year Objective Search Selection criteria Included  Notes 


Irving 2012 


To determine the 
clinical protective 
efficacy, 
seroprotective 
efficacy, and safety 
and harms of 
hepatitis A 
vaccination in 
persons not 
previously exposed 
to hepatitis A. 


The Cochrane 
Hepato-Biliary Group 
Controlled Trials 
Register, The 
Cochrane Central 
Register of Controlled 
Trials (CENTRAL) in 
The Cochrane 
Library, MEDLINE, 
EMBASE, Science 
Citation Index 
Expanded, and China 
National Knowledge 
Infrastructure (CNKI) 
up to November 2011. 


RCTs comparing HAV vaccine with 
placebo, no intervention, or appropriate 
control vaccines in participants of all ages. 


11 clinical 
studies 


There was 
insufficient data to 
draw conclusions 
on adverse events 
for the live 
attenuated HAV 
vaccine. Unable to 
differentiate single 
vs two vaccine 
schedules in 
general analysis, 
though subanalysis 
included 
effectiveness of 
single dose 
schedule (just one 
study). This is a 
meta-analysis 
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Ott 2012 


To determine 
evidence on the 
duration of 
protection achieved 
by hepatitis A 
vaccine 


Studies published 
between 1997 and 
2011 in the Cochrane 
Library, MEDLINE 
and EMBASE. The 
Cochrane Library and 
MEDLINE search 
included the years 
from 1997 to 2011 
and was supplemented 
by an EMBASE 
search which included 
the most recent years 
of publication, 2010 
and 2011.  


Exclusion criteria: 
(1) Studies providing results that were 
obtained exclusively from mathematical 
modeling. 
(2) Studies that assessed hepatitis A 
vaccine safety and immunogenicity not 
related to long-term protection, or those 
assessing protective effects ≤60 months 
after vaccination. 
(3) The study objective was not related to 
long-term impact assessment of HAV 
vaccine but was (a) the assessment and 
comparison of diagnostic tests, detection 
methods, and laboratory profiles, (b) the 
assessment of economic and cost-
effectiveness issues around HAV vaccines, 
(c) the assessment of co-administration 
with other vaccines/formulations safety 
and efficacy issues of HAV vaccine, (d) 
the assessment of other factors influencing 
antibody development. 


13 clinical 
studies 


There was 
insufficient data to 
draw conclusions 
on adverse events 
for the live 
attenuated HAV 
vaccine. Unable to 
differentiate single 
vs two vaccine 
schedules in 
general analysis, 
though subanalysis 
included 
effectiveness of 
single dose 
schedule (just one 
study). No meta-
analysis 
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4.3 RISK OF BIAS IN INCLUDED STUDIES 


The assessed risk of bias for each included study is detailed in the tables immediately below. Where 
the same study/cohort has been published multiple times, we consider the multiple publications as 
one study in the assessment process (e.g., one series from Argentina and one series from Alaska, 
USA). 


Overall, no studies were judged as low risk of bias. Eight studies were judged as having a moderate 
risk of bias (Beran, Van Der Meeren, Leyssen, & D'Silva, 2016; Dagan et al., 2016; Luo et al., 2019; 
Mayorga et al., 2016; Raczniak, Thomas, et al., 2013; Van Herck et al., 2015; Y. Wang et al., 2020; 
C. Yu et al., 2016; Zhang et al., 2017)  and 7 studies as having serious risk of bias (Bhave et al.,
2021; Bhave, Sapru, Bavdekar, Kapatkar, & Mane, 2015; Chen et al., 2018; Espul et al., 2012; Espul
et al., 2017; Espul et al., 2015; Espul et al., 2020; Mitra et al., 2015; Plumb et al., 2017; Raczniak,
Bulkow, et al., 2013; Ramaswamy et al., 2020; Sharapov et al., 2012; Spradling et al., 2016).


A summary of the judgement is arranged as two tables, the first for single-dose (8 studies) and the 
second for multiple-dose publications (7 studies), respectively. None of the studies was judged as 
having a low overall risk of bias. Four out of eight studies on single-dose vaccination were assessed 
with a moderate risk of bias (Dagan et al., 2016; Luo et al., 2019; Mayorga et al., 2016; Zhang et al., 
2017); for the remaining four studies the risk was classified as serious (Bhave et al., 2021; Bhave et 
al., 2015; Chen et al., 2018; Espul et al., 2012; Espul et al., 2017; Espul et al., 2015; Espul et al., 
2020; Mitra et al., 2015). Among studies examining multiple-dose vaccination, five studies were 
judged as having moderate risk of bias (Beran et al., 2016; Raczniak, Thomas, et al., 2013; Van 
Herck et al., 2015; Y. Wang et al., 2020; C. Yu et al., 2016), while two studies were judged as high 
risk (Mosites et al., 2018; Plumb et al., 2017; Raczniak, Bulkow, et al., 2013; Ramaswamy et al., 
2020; Sharapov et al., 2012; Spradling et al., 2016).  


The high proportions of loss-to-follow up in a substantial number of studies was considered a critical 
issue and likely source of confounding bias.  While this is understandable – perhaps unavoidable – 
for very long-term cohorts following paediatric immunization, it impacted heavily on the assessment 
of risk of bias.  


Bias derived from selection of participants, application of interventions and selection of reported 
results was assessed as low in most studies included.  


In six studies we classified the risk of bias due to incomplete data as serious or critical (Beran et al., 
2016; Espul et al., 2012; Espul et al., 2017; Espul et al., 2015; Espul et al., 2020; Luo et al., 2019; 
Mosites et al., 2018; Plumb et al., 2017; Raczniak, Bulkow, et al., 2013; Ramaswamy et al., 2020; 
Sharapov et al., 2012; Spradling et al., 2016), owing to significantly high proportions of loss-to-
follow-up. In four studies on single-dose vaccination the overall risk of bias was classified as serious, 
whereas two studies on multiple-dose schedules had the same assessment. 


4.3.1 Selection bias 


We assessed most studies as having a low risk of bias in selection of participants. In three studies 
aimed at evaluating single-dose vaccination (Chen et al., 2018; Espul et al., 2012; Espul et al., 2017; 
Espul et al., 2015; Espul et al., 2020; Mitra et al., 2015), and two studies on multiple-dose schedules 
(Raczniak, Thomas, et al., 2013; Sharapov et al., 2012; Spradling et al., 2016) we considered a 
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moderate risk of bias, given relatively prolonged times elapsed between selection of participants and 
start of the follow-up period.   
 


4.3.2 Confounding 


 
We assessed all except two studies to have either a critical or serious risk of bias due to potential 
confounding.  
 
We considered confounding to be bias of critical importance in determining the actual association 
between the assessed immunization schedule and outcomes observed in both antibodies and 
anamnestic immunological response following vaccination. Therefore, when the risk of bias of a 
study in such a domain was deemed as critical, the overall risk of bias was considered as serious or 
critical. Longitudinal studies with no comparison group and thus a high risk of factors other than 
vaccination influencing the outcome were considered at critical risk of bias due to confounding. All 
confounders were expected to be assessed at both inclusion and during follow-up.  
 
The confounding domains determined as relevant were the following:  


● Underlying immunological status of study participants 
● Nutritional status, having weight, height, and body mass index as proxy 
● Sanitation conditions relevant to risk of hepatitis A infection  
● Socioeconomic conditions, assessed through household income data and parental 


educational level 
● Place of residence (urban vs rural) 
● Natural infection occurring either before or after vaccination 
● Age of study participants at both vaccination and at time of measurement of vaccine 


response 
● Co-interventions (administration of booster doses of hepatitis A vaccine) 


 
There was a consistent lack of a comprehensive assessment of exposures apart from vaccination that 
could have influenced the outcome of long-term immunogenicity (i.e., natural boosting from 
environmental exposure). To some extent this was due to the study design of most studies 
(longitudinal follow-up with no comparison groups), absence of reporting of underlying 
characteristics of study participants and their distribution across study groups that might have been of 
relevant influence on the outcomes of interest, and lack of analysis plans aimed at controlling for 
covariables affecting the outcomes, in a time-varying manner.    
 
Among the factors influencing the examined outcomes on immunogenicity, natural infection 
occurring any time during the follow-up time that might potentially boost antibody response to 
vaccination was considered of paramount importance in our review. Very few studies examined such 
possible confounders and those studies that explored natural infection following vaccination did so in 
only some of the points of time of outcome measurement, and mainly considered infection 
presenting as clinical disease (although most infections are expected to have been asymptomatic in 
study participants). Two studies (Dagan et al., 2016; Van Herck et al., 2015)  considered age within 
their statistical analysis as a variable with an effect on the outcomes examined and estimated how 
age influenced the duration of seroprotection. 
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4.3.3 Classification of intervention 


We assessed the risk of bias for classification of the intervention as low for all studies. We generally 
found intervention groups were clearly defined. From the methodology of the studies included, we 
inferred that the information used to define intervention groups was recorded at the start of 
intervention or shortly after it. We did not consider the possibility that there was a high risk that 
classification of intervention status could have been affected by preliminary knowledge of the risk of 
outcome. Nevertheless, in studies where the intervention was retrospectively recorded from 
previously registered data on vaccination history, accuracy of collected information and potential 
information bias on exposure could raise concerns.   


4.3.4 Deviations from interventions 


We considered the risk of bias due to deviations from the intended interventions was low for all 
studies. In some studies, a booster dose of HAV vaccine was administered throughout the follow-up 
period. However, this was normally taken into account to controlled for within the statistical analysis 
and such co-intervention was generally balanced across the main and comparison groups when 
applicable.  


 


4.3.5 Incomplete outcome data  


We assessed six studies as being at serious or critical risk of bias due to missing data on the 
outcome of interest (Beran et al., 2016; Espul et al., 2012; Espul et al., 2017; Espul et al., 2015; 
Espul et al., 2020; Luo et al., 2019; Mitra et al., 2015; Mosites et al., 2018; Plumb et al., 2017; 
Raczniak, Bulkow, et al., 2013; Ramaswamy et al., 2020; Sharapov et al., 2012; Spradling et al., 
2016). One study was judged as having a low risk (Chen et al., 2018) and the remaining eight studies 
were classified at a moderate risk. A high attrition rate was a widespread shortcoming in studies of 
observational nature with long-term follow-up periods. The main reasons for missing data on the 
outcome were loss to follow up, migration, withdrawal out of personal reasons and technical errors 
that impeded blood samples collection or processing.  


 


One study (Mitra et al., 2015) examined the persistence of antibody response up to 5 years following 
vaccination with a live attenuated hepatitis A vaccine and had loss to follow-up as high as 68.2%. A 
study examining long-term immunogenicity after administration of one of three different schedules 
of an hepatitis A inactivated vaccine in Alaskan children (Mosites et al., 2018; Plumb et al., 2017; 
Raczniak, Bulkow, et al., 2013; Ramaswamy et al., 2020) , with a maximum follow-up time of 25 
years, reported loss to follow up of approximately 50% beginning at year 10.  


4.3.6 Outcome measurement 


We assessed most studies as being at low risk of bias for outcome measurement. We found methods 
of outcome assessment were comparable across intervention groups in cohort studies and trials, and 
considered methods of blinding in outcome measurement were appropriate when applicable.  
 
It is of potential concern that some studies utilized  different immunological assays to assess 
antibody response at different points of time during the follow-up period. These assays might have 
had different methods, accuracy and seropositivity thresholds, making it difficult to assess 
seropositivity dynamics from one point of measurement to another during the follow-up period. In 
three studies (Bhave et al., 2021; Bhave et al., 2015; Espul et al., 2012; Espul et al., 2017; Espul et 
al., 2015; Espul et al., 2020; Y. Wang et al., 2020), changes in serological assays over the follow-up 
period were required.   
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6.6.6 Selection of reported result 
 


We generally considered a low risk of bias in selection of reported results (publication bias) for all 
studies.  
.  
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Table 5. Risk of bias assessment of included studies on single-dose hepatitis A vaccination 


Author, 
year 


 Study type Bias due to 
confoundin
g  


Bias in 
selection 
of 
participan
ts 


Bias in 
classificatio
n of 
interventio
n 


Bias due to 
deviations 
from 
intended 
interventio
n 


Bias due 
to missing 
data 


Bias in 
measuremen
t of outcome 


Bias in 
selection 
of 
reported 
result 


Overall 
risk of 
bias 


Bhave et 
al., 2015 


Longitudinal 
study 


Critical Low Low Low Moderate  Moderate Low Serious 


Chen et 
al., 2018 


Longitudinal 
study 


Critical Serious Low Low Low Low Low Serious 


Mayorga 
et al., 
2016. 


Longitudinal 
study 


Serious Low Low Low Moderate Low Low Moderate 


Mitra et 
al, 2015. 


Longitudinal 
study 


Critical Serious Low Low Serious Unclear Low Serious 


Zhang et 
al, 2017 


Observational 
study 
following 
RCT 


Serious Low Low Low Moderate Low Low Moderate 


Espul et 
al., 2012 – 
2020. 


Longitudinal 
study 


Critical Moderate Low Low Serious Serious Low Serious 


Dagan et 
al., 2016. 


Longitudinal 
study 


Moderate low low low moderate Low Low Moderate 


Luo et al., 
2019 


Randomized, 
double-blind 
parallel 
controlled 
phase IV 


Serious Low Low Low Serious Low Low Moderate 
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clinical 
 


Table 6. Risk of bias assessment of included studies on multiple-dose hepatitis A vaccination 


Author, 
year 


 Study type Bias due to 
confounding  


Bias in 
selection of 
participants 


Bias in 
classification 
of 
intervention 


Bias due to 
deviation 
from 
intended 
intervention 


Bias due 
to missing 
data 


Bias in 
measurement 
of outcome 


Bias in 
selection 
of 
reported 
result 


Overall 
risk of 
bias 


Beran et 
al.,2016. 


Longitudinal 
study 


Serious Low Low No 
information 


Serious Low Low Moderate 


Yu et 
al.,2016 


RCT 
followed by 
cohort study 


Serious Low Low Low Moderate Low Low Moderate 


Wang et 
al., 2020.  


Cohort study Serious Low Low Low Moderate Moderate Low Moderate 


VanHerck 
et al., 
2015.  


Cohort study Moderate Low Low Low Moderate Low Low Moderate 


Spradling 
et al., 
2016. & 
Sharapov 
et al., 
2012. 


Longitudinal 
study 


Critical Moderate Low Low Serious Low Low Serious 


Mosites et 
al., 2018 


Longitudinal 
study 


Serious Low Low Low Critical Low Low Serious 


Raczniak 
et al., 
2013 


Cohort study Serious Moderate Low Low Moderate Low Low Moderate 
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4.4 SYNTHESIS OF RESULTS 


 


4.4.1 Effectiveness (Primary outcome) 


No studies of efficacy were identified. Hence, effectiveness was the main outcome of interest. 
Effectiveness was assessed by consideration of HAV clinical disease incidence, as well as 
immunogenicity by seroprotection (defined by individual study) and geometric mean concentration 
in included observational studies. 
 
Single and two dose2 studies results were pooled and stratified by 3 - 7 years or > 7 years of follow 
up, as well as by type of vaccine live attenuated vaccines or inactivated vaccines. No analysis was 
undertaken by the vaccine manufacturer. 
 
We did not assess the impact of vaccination on HAV circulation in water and soil. 
 
The analysis found that hepatitis A vaccines are effective in preventing HAV clinical disease and 
confer seroprotection, regardless of type of vaccine (live attenuated or inactivated); further that 
hepatitis A vaccines confer long –term protection against Hep A related disease, including 
seroprotection.  
 
The results of the analysis are presented below in the Summary of Findings tables. 
 


Combined HAV/HBV vaccine preparation 
One study (Beran, Van Der Meeren, Leyssen, & D'Silva, 2016b) examined long-term effectiveness 
of the combined HAV HBV vaccine (Twinrix). At 15 years all participants had detectable anti-HAV 
antibodies, regardless of the regimen (n= 74 for 2 doses; n= 88 for 3 doses), which had been 
administered at 12-15 years of age. There was no single dose arm.  
 


Special populations 
One study (Kalyoncu & Urganci, 2012) examined long-term effectiveness of primary HAV vaccine 
(inactivated (Havrix), 2 doses). 22 children with chronic HCV infection age 7 – 18 years were 
vaccinated and followed for 8 years. There was one primary non-responder (1/22 – 4.5%) however at 
8 years all individuals, apart from the primary non-responder, had evidence of anti-HAV antibodies. 


 
2 One 3 dose study was included, as the authors had shown the 3 doses given was in fact equivalent to a standard two dose schedule 
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4.4.2 Summary Of Findings Tables 


Summary of findings:  


Single dose HAV vaccine (live attenuated) compared to 2 dose HAV vaccine (inactivated) ⩽ 7 years follow up 
Patient or population: children 0 - 17 years   
Setting: ⩽ 7 years follow up  
Intervention: Single dose HAV vaccine (live attenuated)  
Comparison: 2 dose HAV vaccine (inactivated)   


Outcomes 


Anticipated absolute effects* (95% CI) 
Relative effect 


(95% CI) 
№ of participants  


(studies)  


Certainty of the 
evidence 


(GRADE) 
Comments Risk with 2 dose HAV 


vaccine (inactivated) 
Risk with Single dose 


HAV vaccine (live 
attenuated) 


hepatitis A disease 
incidence


follow up: range 3 years 
to 7 years 


0 per 1,000  


0 per 1,000 
(0 to 0)  


RR 1 
(1 to 1)  


164 
(2 observational studies)  


⨁◯◯◯ 
VERY LOW 1,2,a,b 


hepatitis A 
seroprotection (at study 


cut-off)
follow up: range 3 years 


to 7 years 


995 per 1,000 


995 per 1,000 
(985 to 1,000)  


RR 1.00 
(0.99 to 1.01)  


1972 
(6 observational studies)  


⨁◯◯◯ 
VERY LOW 


1,2,3,4,5,6,a,b,c


hepatitis A GMC 
(anti-HAV ab titre) 


(GMC) 
follow up: range 3 years 


to 7 years 


The mean hepatitis 
A GMC (anti-HAV ab 
titre) was 288.9 IU/mL  


MD 147.6 IU/mL 
lower 


(156.7 lower to 138.5 
lower)  - 1342 


(5 observational studies)  
⨁◯◯◯ 


VERY LOW 
1,2,3,4,6,a,c,d,e


*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).


CI: Confidence interval; RR: Risk ratio; MD: Mean difference  
GRADE Working Group grades of evidence 


High certainty: We are very confident that the true effect lies close to that of the estimate of the effect 
Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different 
Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect 
Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect  
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4.4.2.1 Explanations 
a. There are only non-randomized observational studies. Moderate loss to follow up. No control for natural booster in endemic environments.  
b. There are no 2 dose live attenuated studies in children published.  
c. The 2 dose group is always an inactive vaccine.  
d. There is heterogeneity in effect size, including no direction of effect in one study.  
e. Wide confidence intervals are reported.  


4.4.2.2 References 
1. Mitra, M., Shah, N., Faridi, M., Ghosh, A., Sankaranarayanan, V. S., Aggarwal, A., Chatterjee, S., Bhattacharyya, N., Kadhe, G., Vishnoi, G., Mane, A.. Long-term follow-up study to evaluate immunogenicity 


and safety of a single dose of live attenuated hepatitis a vaccine in children. Hum Vaccin Immunother; 2015.  
2. Espul, C., Benedetti, L., Linares, M., Cuello, H., Lo Castro, I., Thollot, Y., Rasuli, A.. Seven-year follow-up of the immune response after one or 2 doses of inactivated hepatitis A vaccine given at 1 year of age 


in the Mendoza Province of Argentina. Hum Vaccin Immunother; 2017.  
3. Zhang, Z., Zhu, X., Hu, Y., Liang, M., Sun, J., Song, Y., Yang, Q., Ji, H., Zeng, G., Song, L., Chen, J.. Five-year antibody persistence in children after one dose of inactivated or live attenuated hepatitis A 


vaccine. Hum Vaccin Immunother; 2017.  
4. Yu, C., Song, Y., Qi, Y., Li, C., Jiang, Z., Li, C., Zhang, W., Wang, L., Xia, J.. Comparison of immunogenicity and persistence between inactivated hepatitis A vaccine Healive® and Havrix® among children: A 


5-year follow-up study. Hum Vaccin Immunother; 2016.  
5. Luo, J., Wang, X., Ma, F., Kang, G., Ding, Z., Ye, C., Pan, Y., Zhao, Y., Hong, S., Chen, J., Xi, J., Wen, S., Lin, Y., Li, X., Qiu, L., Yang, X., Li, G., Yang, J., Sun, Q.. Long-term immunogenicity and immune 


persistence of live attenuated and inactivated hepatitis a vaccines: a report on additional observations from a phase IV study. Clin Microbiol Infect; Nov 2019.  
6. Van Herck, K., Hens, A., De Coster, I., Vertruyen, A., Tolboom, J., Sarnecki, M., Van Damme, P.. Long-term antibody persistence in children after vaccination with the pediatric formulation of an aluminum-


free virosomal hepatitis A vaccine. Pediatr Infect Dis J; 2015.  
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Summary of findings:  


Single dose HAV vaccine (inactivated) compared to 2 dose HAV vaccine (inactivated) ⩽ 7 years follow up 
Patient or population: children 0 - 17 years   
Setting: ⩽ 7 years follow up   
Intervention: Single dose HAV vaccine (inactivated)   
Comparison: 2 dose HAV vaccine (inactivated)   


Outcomes 


Anticipated absolute effects* (95% CI)  
Relative effect 


(95% CI)  
№ of participants  


(studies)  


Certainty of the 
evidence 


(GRADE)  
Comments Risk with 2 dose HAV 


vaccine (inactivated) 
Risk with Single dose 


HAV vaccine 
(inactivated) 


hepatitis A disease 
incidence (Incidence) 


assessed with: Cases of 
HAV clinical disease 


follow up: range 3 years 
to 7 years  


0 per 1,000  


0 per 1,000 
(0 to 0)  


not estimable  257 
(1 observational study)  


⨁◯◯◯ 
VERY LOW 1,a,b 


 


hepatitis A 
seroprotection 


(Seroprotection) 
assessed with: Anti 


HAV Ab titre > study 
cut-off 


follow up: range 3 years 
to 7 years  


995 per 1,000  


995 per 1,000 
(975 to 1,000)  


RR 1.00 
(0.98 to 1.02)  


1234 
(5 observational studies)  


⨁◯◯◯ 
VERY LOW 


1,2,3,4,5,a,c 
 


Geometric mean 
concentration (GMC) 
assessed with: Anti 


HAV Ab titre IU/mL 
follow up: range 3 years 


to 7 years  


The mean geometric 
mean concentration was 


288.9 IU/mL  


MD 188 IU/mL 
lower 


(196.8 lower to 179.2 
lower)  


-  928 
(4 observational studies)  


⨁⨁◯◯ 
LOW 1,2,3,4,a,c,d 


 


*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).  
 
CI: Confidence interval; RR: Risk ratio; MD: Mean difference  
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Summary of findings:  


Single dose HAV vaccine (inactivated) compared to 2 dose HAV vaccine (inactivated) ⩽ 7 years follow up 
Patient or population: children 0 - 17 years   
Setting: ⩽ 7 years follow up   
Intervention: Single dose HAV vaccine (inactivated)   
Comparison: 2 dose HAV vaccine (inactivated)   


Outcomes 


Anticipated absolute effects* (95% CI)  
Relative effect 


(95% CI)  
№ of participants  


(studies)  


Certainty of the 
evidence 


(GRADE)  
Comments Risk with 2 dose HAV 


vaccine (inactivated) 
Risk with Single dose 


HAV vaccine 
(inactivated) 


GRADE Working Group grades of evidence 
High certainty: We are very confident that the true effect lies close to that of the estimate of the effect 
Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different 
Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect 
Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect  


4.4.2.3 Explanations 
a. There are only non-randomized observational studies. Moderate loss to follow up. No control for natural booster in endemic environments.  
b. Only one study was identified.  
c. Limited publications. Manufacturers recommend two doses.  
d. Heterogeneity is difficult to assess. Only one study had 2 arms  


4.4.2.4 References 
1. Espul, C., Benedetti, L., Linares, M., Cuello, H., Lo Castro, I., Thollot, Y., Rasuli, A.. Seven-year follow-up of the immune response after one or 2 doses of inactivated hepatitis A vaccine given at 1 year of age 


in the Mendoza Province of Argentina. Hum Vaccin Immunother; 2017.  
2. Zhang, Z., Zhu, X., Hu, Y., Liang, M., Sun, J., Song, Y., Yang, Q., Ji, H., Zeng, G., Song, L., Chen, J.. Five-year antibody persistence in children after one dose of inactivated or live attenuated hepatitis A 


vaccine. Hum Vaccin Immunother; 2017.  
3. Yu, C., Song, Y., Qi, Y., Li, C., Jiang, Z., Li, C., Zhang, W., Wang, L., Xia, J.. Comparison of immunogenicity and persistence between inactivated hepatitis A vaccine Healive® and Havrix® among children: A 


5-year follow-up study. Hum Vaccin Immunother; 2016.  
4. Van Herck, K., Hens, A., De Coster, I., Vertruyen, A., Tolboom, J., Sarnecki, M., Van Damme, P.. Long-term antibody persistence in children after vaccination with the pediatric formulation of an aluminum-


free virosomal hepatitis A vaccine. Pediatr Infect Dis J; 2015.  
5. Luo, J., Wang, X., Ma, F., Kang, G., Ding, Z., Ye, C., Pan, Y., Zhao, Y., Hong, S., Chen, J., Xi, J., Wen, S., Lin, Y., Li, X., Qiu, L., Yang, X., Li, G., Yang, J., Sun, Q.. Long-term immunogenicity and immune 


persistence of live attenuated and inactivated hepatitis a vaccines: a report on additional observations from a phase IV study. Clin Microbiol Infect; Nov 2019.  
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Summary of findings:  


Single dose HAV vaccine (live attenuated) compared to 2 dose HAV vaccine (inactivated) >7 years follow up 
Patient or population: children 0 - 17 years 
Setting: >7 years follow up   
Intervention: Single dose HAV vaccine (live attenuated)   
Comparison: 2 dose HAV vaccine (inactivated)   


Outcomes 


Anticipated absolute effects* (95% CI)  
Relative effect 


(95% CI)  
№ of participants  


(studies)  


Certainty of the 
evidence 


(GRADE)  
Comments Risk with 2 dose HAV 


vaccine (inactivated) 
Risk with Single dose 


HAV vaccine (live 
attenuated) 


hepatitis A disease 
incidence (Incidence) 


assessed with: Cases of 
HAV clinical disease 
follow up: range >7 


years to 25 years  


0 per 1,000  


0 per 1,000 
(0 to 0)  


RR 1 
(1 to 1)  


149 
(2 observational studies)  


⨁◯◯◯ 
VERY LOW 


1,2,a,b,c 
 


hepatitis A 
seroprotection 


(Seroprotection) 
assessed with: Anti 


HAV Ab titre > study 
cut-off 


follow up: range 7 years 
to 25 years  


980 per 1,000  


980 per 1,000 
(950 to 1,000)  


RR 1.00 
(0.97 to 1.03)  


1026 
(7 observational studies)  


⨁◯◯◯ 
VERY LOW 
1,2,3,4,5,6,7,a,b,c,d,e 


 


Geometric mean 
concentration (GMC) 
assessed with: Anti 


HAV Ab titre IU/mL 
follow up: range 7 years 


to 25 years  


The mean geometric 
mean concentration was 


145.0 IU/mL  


MD 65.4 IU/mL 
lower 


(68 lower to 62.9 lower)  
-  774 


(7 observational studies)  
⨁◯◯◯ 


VERY LOW 
1,2,3,4,5,6,7,a,b,c,e 


 


*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).  
 
CI: Confidence interval; RR: Risk ratio; MD: Mean difference  
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Summary of findings:  


Single dose HAV vaccine (live attenuated) compared to 2 dose HAV vaccine (inactivated) >7 years follow up 
Patient or population: children 0 - 17 years 
Setting: >7 years follow up   
Intervention: Single dose HAV vaccine (live attenuated)   
Comparison: 2 dose HAV vaccine (inactivated)   


Outcomes 


Anticipated absolute effects* (95% CI)  
Relative effect 


(95% CI)  
№ of participants  


(studies)  


Certainty of the 
evidence 


(GRADE)  
Comments Risk with 2 dose HAV 


vaccine (inactivated) 
Risk with Single dose 


HAV vaccine (live 
attenuated) 


GRADE Working Group grades of evidence 
High certainty: We are very confident that the true effect lies close to that of the estimate of the effect 
Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different 
Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect 
Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect  


4.4.2.5 Explanations 
a. There are only non-randomized observational studies. Moderate loss to follow up. No control for natural booster in endemic environments.  
b. There are no 2 dose live attenuated studies in children published.  
c. The vaccine manufacturers recommend two doses.  
d. There is variability in the threshold of seroprotection.  
e. The heterogeneity in effect size is difficult to assess given limited single dose live attenuated studies.  


4.4.2.6 References 
1. Bhave, S.,, Sapru, A., Bavdekar, A., Jain, R., Debnath, K., Kapatkar, V.. Long-term Immunogenicity of Single Dose of Live Attenuated hepatitis A Vaccine in Indian Children - Results of 15-year Follow-up.. 


Indian Pediatr; 2021.  
2. Espul, C., Cuello, H., Lo Castro, I., Bravo, C., Thollot, Y., Voznica, J., Vigne, C., Coudeville, L.. Statistical modeling alongside observational data predicts long-term immunogenicity of one dose and two doses 


of pediatric hepatitis A vaccine in the Mendoza province of Argentina. Vaccine; 2020.  
3. Wang, Y., Qi, Y., Xu, W., Hu, Y., Wang, L., Yu, Y., Jiang, Z., Xia, J., Zeng, G., Wang, Y.. Immunogenicity persistence in children of hepatitis A vaccines Healive® and Havrix®: 11 years follow-up and long-


term prediction. Hum Vaccin Immunother; 2020.  
4. Spradling, P. R., Bulkow, L. R., Negus, S. E., Homan, C., Bruce, M. G., McMahon, B. J.. Persistence of seropositivity among persons vaccinated for hepatitis A during infancy by maternal antibody status: 15-


year follow-up. Hepatology (Baltimore, Md.); 2016.  
5. Mosites, E., Gounder, P., Snowball, M., Morris, J., Spradling, P., Nelson, N., Bulkow, L., Bruce, M., McMahon, B.. Hepatitis A vaccine immune response 22 years after vaccination. J Med Virol; 2018.  
6. Lopez, E. L., Contrini, M. M., Mistchenko, A., Kieffer, A., Baggaley, R. F., Di Tanna, G. L., Desai, K., Rasuli, A., Armoni, J.. Modeling the long-term persistence of hepatitis A antibody after a two-dose 


vaccination schedule in Argentinean children. Pediatr Infect Dis J; Apr 2015.  
7. Dagan, R., Ashkenazi, S., Livni, G., Go, O., Bagchi, P., Sarnecki, M.. Long-term Serologic Follow-up of Children Vaccinated with a Pediatric Formulation of Virosomal hepatitis A Vaccine Administered With 


Routine Childhood Vaccines at 12-15 Months of Age. Pediatr Infect Dis J; 2016.  
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Summary of findings:  


Single dose HAV vaccine (inactivated) compared to 2 dose HAV vaccine (inactivated) for children >7 years follow up 
Patient or population: children 0 - 17 years 
Setting: >7 years follow up   
Intervention: single dose HAV vaccine (inactivated)  
Comparison: 2 dose HAV vaccine (inactivated)  


Outcomes 


Anticipated absolute effects* (95% CI)  
Relative effect 


(95% CI)  
№ of participants  


(studies)  


Certainty of the 
evidence 


(GRADE)  
Comments Risk with 2 dose HAV 


vaccine (inactivated)  
Risk with single dose 


HAV vaccine 
(inactivated)  


hepatitis A disease 
incidence (Incidence) 


assessed with: Cases of 
HAV clinical disease 


follow up: range 7 years 
to 25 years  


0 per 1,000  


0 per 1,000 
(0 to 0)  


RR 1 
(1 to 1)  


403 
(2 observational studies)  


⨁◯◯◯ 
VERY LOW 1,2,a,b 


 


hepatitis A 
seroprotection 


(Seroprotection) 
assessed with: Anti 


HAV Ab titre > study 
cut-off 


follow up: range 7 years 
to 25 years  


962 per 1,000  


962 per 1,000 
(933 to 991)  


RR 1.00 
(0.97 to 1.03)  


1319 
(7 observational studies)  


⨁◯◯◯ 
VERY LOW 


1,2,3,4,5,6,7,a,c,d 
 


Geometric mean 
concentration (GMC) 


assessed with: IU/mL 
follow up: range 7 years 


to 25 years  


The mean geometric 
mean concentration was 


145.0 IU/mL  


MD 66.5 IU/mL 
lower 


(68.7 lower to 64.3 
lower)  -  1259 


(7 observational studies)  
⨁◯◯◯ 


VERY LOW 
1,2,3,5,6,7,8,a,c,e 


 


*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).  
 
CI: Confidence interval; RR: Risk ratio; MD: Mean difference  


GRADE Working Group grades of evidence 
High certainty: We are very confident that the true effect lies close to that of the estimate of the effect 
Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different 
Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect 
Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect  
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4.4.2.7 Explanations 
a. There are only non-randomized observational studies. Moderate loss to follow up. No control for natural booster in endemic environments.  
b. The outcome of incidence is not clearly defined and there is infrequent follow-up during the study.  
c. Heterogeneity is difficult to assess as only one study had two arms.  
d. There is variability in the threshold of seroprotection.  
e. There are limited publications, and the vaccine manufacturers recommend two doses.  


4.4.2.8 References 
1. Mayorga, O., Bühler, S., Jaeger, V. K., Bally, S., Hatz, C., Frösner, G., Protzer, U., Van Damme, P., Egger, M., Herzog, C.. Single-Dose hepatitis A Immunization: 7.5-Year Observational Pilot Study in 


Nicaraguan Children to Assess Protective Effectiveness and Humoral Immune Memory Response. J Infect Dis; 2016.  
2. Espul, C., Cuello, H., Lo Castro, I., Bravo, C., Thollot, Y., Voznica, J., Vigne, C., Coudeville, L.. Statistical modeling alongside observational data predicts long-term immunogenicity of one dose and two doses 


of pediatric hepatitis A vaccine in the Mendoza province of Argentina. Vaccine; 2020.  
3. Wang, Y., Qi, Y., Xu, W., Hu, Y., Wang, L., Yu, Y., Jiang, Z., Xia, J., Zeng, G., Wang, Y.. Immunogenicity persistence in children of hepatitis A vaccines Healive® and Havrix®: 11 years follow-up and long-


term prediction. Hum Vaccin Immunother; 2020.  
4. Ramaswamy, M., Bruden, D., Nolen, L. D., Mosites, E., Snowball, M., Nelson, N. P., Bruce, M., McMahon, B. J.. Hepatitis A vaccine immunogenicity 25 years after vaccination in Alaska. Journal of Medical 


Virology; 2020.  
5. Lopez, E. L., Contrini, M. M., Mistchenko, A., Kieffer, A., Baggaley, R. F., Di Tanna, G. L., Desai, K., Rasuli, A., Armoni, J.. Modeling the long-term persistence of hepatitis A antibody after a two-dose 


vaccination schedule in Argentinean children. Pediatr Infect Dis J; Apr 2015.  
6. Dagan, R., Ashkenazi, S., Livni, G., Go, O., Bagchi, P., Sarnecki, M.. Long-term Serologic Follow-up of Children Vaccinated with a Pediatric Formulation of Virosomal hepatitis A Vaccine Administered With 


Routine Childhood Vaccines at 12-15 Months of Age. Pediatr Infect Dis J; 2016.  
7. Spradling, P. R., Bulkow, L. R., Negus, S. E., Homan, C., Bruce, M. G., McMahon, B. J.. Persistence of seropositivity among persons vaccinated for hepatitis A during infancy by maternal antibody status: 15-


year follow-up. Hepatology (Baltimore, Md.); 2016.  
8. Mosites, E., Gounder, P., Snowball, M., Morris, J., Spradling, P., Nelson, N., Bulkow, L., Bruce, M., McMahon, B.. Hepatitis A vaccine immune response 22 years after vaccination. J Med Virol; 2018.  
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4.4.3 Grade Evidence Profiles 


Question: Single dose HAV vaccine (live attenuated) compared to 2 dose HAV vaccine (inactivated) for children 0 - 17 years  ⩽ 7 years follow up 
Setting: ⩽ 7 years follow up  
].   


Certainty assessment № of patients Effect 


Certainty Importance 
№ of 


studies 
Study 


design 
Risk of 


bias 
Inconsistenc


y 
Indirectnes


s 
Imprecisio


n 
Other 


considerations 


Single 
dose HAV 


vaccine (live 
attenuated) 


2 dose 
HAV vaccine 
(inactivated) 


Relative 
(95% CI) 


Absolut
e 


(95% CI) 


hepatitis A disease incidence (follow up: range 3 years to 7 years) 


2  observation
al studies  


very 
serious a,b 


serious b not serious  not serious  publication bias 
strongly suspected b 


0/111 
(0.0%)  


0/53 (0.0%)  RR 1 
(1 to 1)  


0 fewer 
per 1,000 


(from 30 fewer 
to 30 more)  


⨁◯◯◯ 
VERY LOW 1,2 


 


hepatitis A seroprotection (at study cut-off) (follow up: range 3 years to 7 years) 


6  observation
al studies  


very 
serious a,c 


not serious  not serious  not serious  publication bias 
strongly suspected b 


1158/1173 
(98.7%)  


795/799 
(99.5%)  


RR 1.00 
(0.99 to 1.01)  


0 fewer 
per 1,000 


(from 10 fewer 
to 10 more)  


⨁◯◯◯ 
VERY LOW 1,2,3,4,5,6 


 


hepatitis A GMC (anti-HAV ab titre) (follow up: range 3 years to 7 years) 


5  observation
al studies  


very 
serious a,c 


serious d not serious  serious e publication bias 
strongly suspected 
strong association 


dose response gradient c 


703  639  -  MD 147.6 
IU/mL lower 


(156.7 lower to 
138.5 lower)  


⨁◯◯◯ 
VERY LOW 1,2,3,4,6 


 


CI: Confidence interval; RR: Risk ratio; MD: Mean difference 


4.4.3.1 Explanations 
a. There are only non-randomized observational studies. Moderate loss to follow up. No control for natural booster in endemic environments.  
b. There are no 2 dose live attenuated studies in children published.  
c. The 2 dose group is always an inactive vaccine.  
d. There is heterogeneity in effect size, including no direction of effect in one study.  
e. Wide confidence intervals are reported.  


4.4.3.2 References 
1. Mitra, M., Shah, N., Faridi, M., Ghosh, A., Sankaranarayanan, V. S., Aggarwal, A., Chatterjee, S., Bhattacharyya, N., Kadhe, G., Vishnoi, G., Mane, A.. Long-term follow-up study to evaluate immunogenicity and safety of a single dose of 


live attenuated hepatitis a vaccine in children. Hum Vaccin Immunother; 2015.  
2. Espul, C., Benedetti, L., Linares, M., Cuello, H., Lo Castro, I., Thollot, Y., Rasuli, A.. Seven-year follow-up of the immune response after one or 2 doses of inactivated hepatitis A vaccine given at 1 year of age in the Mendoza Province of 


Argentina. Hum Vaccin Immunother; 2017.  
3. Zhang, Z., Zhu, X., Hu, Y., Liang, M., Sun, J., Song, Y., Yang, Q., Ji, H., Zeng, G., Song, L., Chen, J.. Five-year antibody persistence in children after one dose of inactivated or live attenuated hepatitis A vaccine. Hum Vaccin Immunother; 


2017.  
4. Yu, C., Song, Y., Qi, Y., Li, C., Jiang, Z., Li, C., Zhang, W., Wang, L., Xia, J.. Comparison of immunogenicity and persistence between inactivated hepatitis A vaccine Healive® and Havrix® among children: A 5-year follow-up study. Hum 


Vaccin Immunother; 2016.  
5. Luo, J., Wang, X., Ma, F., Kang, G., Ding, Z., Ye, C., Pan, Y., Zhao, Y., Hong, S., Chen, J., Xi, J., Wen, S., Lin, Y., Li, X., Qiu, L., Yang, X., Li, G., Yang, J., Sun, Q.. Long-term immunogenicity and immune persistence of live attenuated 


and inactivated hepatitis a vaccines: a report on additional observations from a phase IV study. Clin Microbiol Infect; Nov 2019.  
6. Van Herck, K., Hens, A., De Coster, I., Vertruyen, A., Tolboom, J., Sarnecki, M., Van Damme, P.. Long-term antibody persistence in children after vaccination with the pediatric formulation of an aluminum-free virosomal hepatitis A 


vaccine. Pediatr Infect Dis J; 2015.  
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Question: Single dose HAV vaccine (live) compared to 2 dose HAV vaccine (inactivated) for children 0 - 17 years >7 years follow up 
Setting: >7 years follow up   


Certainty assessment № of patients Effect 


Certainty Importance 
№ of 


studies 
Study 
design Risk of bias Inconsistency Indirectness Imprecision Other considerations 


Single dose HAV 
vaccine (live 
attenuated) 


2 dose HAV 
vaccine 


(inactivated) 


Relative 
(95% CI) 


Absolute 
(95% CI) 


Hepatitis A disease incidence (follow-up: range >7 years to 25 years; assessed with: Cases of HAV clinical disease) 


2 observational 
studies 


very seriousa,b seriousb not serious not serious publication bias strongly 
suspectedb,c 


0/98 (0.0%)  0/51 (0.0%)  RR 1 
(1 to 1) 


0 fewer per 
1,000 


(from 30 fewer 
to 30 more) 


⨁◯◯◯ 
Very low1,2 


 


Hepatitis A seroprotection (follow-up: range 7 years to 25 years; assessed with: Anti HAV Ab titre > study cut-off) 


7 observational 
studies 


very seriousa,b seriousb not serious seriousd publication bias strongly 
suspectedc 


123/145 (84.8%)  863/881 (98.0%)  RR 1.00 
(0.97 to 1.03) 


0 fewer per 
1,000 


(from 29 fewer 
to 29 more) 


⨁◯◯◯ 
Very low1,2,3,4,5,6,7,e 


 


Geometric mean concentration (follow-up: range 7 years to 25 years; assessed with: Anti HAV Ab titre IU/mL) 
7 observational 


studies 
very seriousa,b seriouse not serious not serious publication bias strongly 


suspectedb,c 
98 676 - MD 65.4 


IU/mL lower 
(68 lower to 
62.9 lower) 


⨁◯◯◯ 
Very low1,2,3,4,5,6,7,e 


 


CI: confidence interval; MD: mean difference; RR: risk ratio 


4.4.3.3 Explanations 
a. There are only non-randomized observational studies. Moderate loss to follow up. No control for natural booster in endemic environment. 
b. There are no 2 dose live attenuated studies in children published. 
c. The vaccine manufacturers recommend two doses. 
d. There is variability in the threshold of seroprotection. 
e. The heterogeneity in effect size difficult to assess given limited single dose live attenuated studies. 


4.4.3.4 References 
1.Bhave, S.,, Sapru, A., Bavdekar, A., Jain, R., Debnath, K., Kapatkar, V.. Long term Immunogenicity of Single Dose of Live Attenuated Hepatitis A Vaccine in Indian Children - Results of 15-year Follow-up.. Indian Pediatr; 2021. 
2.Espul, C., Cuello, H., Lo Castro, I., Bravo, C., Thollot, Y., Voznica, J., Vigne, C., Coudeville, L.. Statistical modeling alongside observational data predicts long-term immunogenicity of one dose and two doses of pediatric hepatitis A vaccine in 
the Mendoza province of Argentina. Vaccine; 2020. 
3.Wang, Y., Qi, Y., Xu, W., Hu, Y., Wang, L., Yu, Y., Jiang, Z., Xia, J., Zeng, G., Wang, Y.. Immunogenicity persistence in children of hepatitis A vaccines Healive® and Havrix®: 11 years follow-up and long-term prediction. Hum Vaccin 
Immunother; 2020. 
4.Spradling, P. R., Bulkow, L. R., Negus, S. E., Homan, C., Bruce, M. G., McMahon, B. J.. Persistence of seropositivity among persons vaccinated for hepatitis A during infancy by maternal antibody status: 15-year follow-up. Hepatology 
(Baltimore, Md.); 2016. 
5.Mosites, E., Gounder, P., Snowball, M., Morris, J., Spradling, P., Nelson, N., Bulkow, L., Bruce, M., McMahon, B.. Hepatitis A vaccine immune response 22 years after vaccination. J Med Virol; 2018. 
6.Lopez, E. L., Contrini, M. M., Mistchenko, A., Kieffer, A., Baggaley, R. F., Di Tanna, G. L., Desai, K., Rasuli, A., Armoni, J.. Modeling the long-term persistence of hepatitis A antibody after a two-dose vaccination schedule in Argentinean 
children. Pediatr Infect Dis J; Apr 2015. 
7.Dagan, R., Ashkenazi, S., Livni, G., Go, O., Bagchi, P., Sarnecki, M.. Long-term Serologic Follow-up of Children Vaccinated with a Pediatric Formulation of Virosomal Hepatitis A Vaccine Administered With Routine Childhood Vaccines at 12-
15 Months of Age. Pediatr Infect Dis J; 2016. 
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Question: Single dose HAV vaccine (inactivated) compared to 2 dose HAV vaccine (inactivated) for children 0 - 17 years  ⩽ 7 years follow up 
Setting: ⩽ 7 years follow up   
 


Certainty assessment № of patients Effect 


Certainty Importance 
№ of 


studies 
Study 


design 
Risk of 


bias 
Inconsistenc


y 
Indirectnes


s 
Imprecisio


n 
Other 


considerations 


Single dose 
HAV vaccine 
(inactivated) 


2 dose 
HAV vaccine 
(inactivated) 


Relative 
(95% CI) 


Absolut
e 


(95% CI) 


hepatitis A disease incidence (follow up: range 3 years to 7 years; assessed with: Cases of HAV clinical disease) 


1  observation
al studies  


very 
serious a,b 


not serious  not serious  not serious  publication bias 
strongly suspected b 


0/204 (0.0%)  0/53 (0.0%)  not 
estimable  


0 fewer per 
1,000 


(from 30 fewer 
to 30 more)  


⨁◯◯◯ 
VERY LOW 1 


 


hepatitis A seroprotection (follow up: range 3 years to 7 years; assessed with: Anti HAV Ab titre > study cut-off) 


5  observation
al studies  


very 
serious a 


not serious  not serious  not serious  publication bias 
strongly suspected c 


390/403 
(96.8%)  


827/831 
(99.5%)  


RR 1.00 
(0.98 to 1.02)  


0 fewer per 
1,000 


(from 20 fewer 
to 20 more)  


⨁◯◯◯ 
VERY LOW 1,2,3,4,5 


 


Geometric mean concentration (follow up: range 3 years to 7 years; assessed with: Anti HAV Ab titre IU/mL) 


4  observation
al studies  


very 
serious a 


serious d not serious  not serious  publication bias 
strongly suspected 
strong association 


dose response gradient c 


289  639  -  MD 188 
IU/mL lower 


(196.8 lower to 
179.2 lower)  


⨁⨁◯◯ 
LOW 1,2,3,4 


 


CI: Confidence interval; RR: Risk ratio; MD: Mean difference 


4.4.3.5 Explanations 
a. There are only non-randomized observational studies. Moderate loss to follow up. No control for natural booster in endemic environments.  
b. Only one study was identified.  
c. Limited publications. Manufacturers recommend two doses.  
d. Heterogeneity is difficult to assess. Only one study had 2 arms  


4.4.3.6 References 
1. Espul, C., Benedetti, L., Linares, M., Cuello, H., Lo Castro, I., Thollot, Y., Rasuli, A.. Seven-year follow-up of the immune response after one or 2 doses of inactivated hepatitis A vaccine given at 1 year of age in the Mendoza Province of 


Argentina. Hum Vaccin Immunother; 2017.  
2. Zhang, Z., Zhu, X., Hu, Y., Liang, M., Sun, J., Song, Y., Yang, Q., Ji, H., Zeng, G., Song, L., Chen, J.. Five-year antibody persistence in children after one dose of inactivated or live attenuated hepatitis A vaccine. Hum Vaccin Immunother; 


2017.  
3. Yu, C., Song, Y., Qi, Y., Li, C., Jiang, Z., Li, C., Zhang, W., Wang, L., Xia, J.. Comparison of immunogenicity and persistence between inactivated hepatitis A vaccine Healive® and Havrix® among children: A 5-year follow-up study. Hum 


Vaccin Immunother; 2016.  
4. Van Herck, K., Hens, A., De Coster, I., Vertruyen, A., Tolboom, J., Sarnecki, M., Van Damme, P.. Long-term antibody persistence in children after vaccination with the pediatric formulation of an aluminum-free virosomal hepatitis A 


vaccine. Pediatr Infect Dis J; 2015.  
5. Luo, J., Wang, X., Ma, F., Kang, G., Ding, Z., Ye, C., Pan, Y., Zhao, Y., Hong, S., Chen, J., Xi, J., Wen, S., Lin, Y., Li, X., Qiu, L., Yang, X., Li, G., Yang, J., Sun, Q.. Long-term immunogenicity and immune persistence of live attenuated 


and inactivated hepatitis a vaccines: a report on additional observations from a phase IV study. Clin Microbiol Infect; Nov 2019.  
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Question: Single dose HAV vaccine (inactivated) compared to 2 dose HAV vaccine (inactivated) for children 0 - 17 years >7 years follow up 
Setting: >7 years follow up   
 


Certainty assessment № of patients Effect 


Certainty Importance 
№ of 


studies 
Study 


design 
Risk of 


bias 
Inconsistenc


y 
Indirectnes


s 
Imprecisio


n 
Other 


considerations 


single dose 
HAV vaccine 
(inactivated)  


2 dose 
HAV vaccine 
(inactivated)  


Relative 
(95% CI) 


Absolut
e 


(95% CI) 


hepatitis A disease incidence (follow up: range 7 years to 25 years; assessed with: Cases of HAV clinical disease) 


2  observation
al studies  


very 
serious a 


not serious  not serious  serious b none  0/352 (0.0%)  0/51 (0.0%)  RR 1 
(1 to 1)  


0 fewer 
per 1,000 


(from 30 fewer 
to 30 more)  


⨁◯◯◯ 
VERY LOW 1,2 


 


hepatitis A seroprotection (follow up: range 7 years to 25 years; assessed with: Anti HAV Ab titre > study cut-off) 


7  observation
al studies  


very 
serious a 


serious c not serious  serious d none  342/343 
(99.7%)  


939/976 
(96.2%)  


RR 1.00 
(0.97 to 1.03)  


0 fewer 
per 1,000 


(from 29 fewer 
to 29 more)  


⨁◯◯◯ 
VERY LOW 1,2,3,4,5,6,7,c 


 


Geometric mean concentration (follow up: range 7 years to 25 years; assessed with: IU/mL) 


7  observation
al studies  


very 
serious a 


serious c not serious  not serious  publication bias 
strongly suspected e 


348  911  -  MD 66.5 
IU/mL lower 
(68.7 lower to 


64.3 lower)  


⨁◯◯◯ 
VERY LOW 1,2,3,5,6,7,8 


 


CI: Confidence interval; RR: Risk ratio; MD: Mean difference 


4.4.3.7 Explanations 
a. There are only non-randomized observational studies. Moderate loss to follow up. No control for natural booster in endemic environments.  
b. The outcome of incidence is not clearly defined and there is infrequent follow-up during the study.  
c. Heterogeneity is difficult to assess as only one study had two arms.  
d. There is variability in the threshold of seroprotection.  
e. There are limited publications, and the vaccine manufacturers recommend two doses.  


4.4.3.8 References 
1. Mayorga, O., Bühler, S., Jaeger, V. K., Bally, S., Hatz, C., Frösner, G., Protzer, U., Van Damme, P., Egger, M., Herzog, C.. Single-Dose hepatitis A Immunization: 7.5-Year Observational Pilot Study in Nicaraguan Children to Assess 


Protective Effectiveness and Humoral Immune Memory Response. J Infect Dis; 2016.  
2. Espul, C., Cuello, H., Lo Castro, I., Bravo, C., Thollot, Y., Voznica, J., Vigne, C., Coudeville, L.. Statistical modeling alongside observational data predicts long-term immunogenicity of one dose and two doses of pediatric hepatitis A 


vaccine in the Mendoza province of Argentina. Vaccine; 2020.  
3. Wang, Y., Qi, Y., Xu, W., Hu, Y., Wang, L., Yu, Y., Jiang, Z., Xia, J., Zeng, G., Wang, Y.. Immunogenicity persistence in children of hepatitis A vaccines Healive® and Havrix®: 11 years follow-up and long-term prediction. Hum Vaccin 


Immunother; 2020.  
4. Ramaswamy, M., Bruden, D., Nolen, L. D., Mosites, E., Snowball, M., Nelson, N. P., Bruce, M., McMahon, B. J.. Hepatitis A vaccine immunogenicity 25 years after vaccination in Alaska. Journal of Medical Virology; 2020.  
5. Lopez, E. L., Contrini, M. M., Mistchenko, A., Kieffer, A., Baggaley, R. F., Di Tanna, G. L., Desai, K., Rasuli, A., Armoni, J.. Modeling the long-term persistence of hepatitis A antibody after a two-dose vaccination schedule in Argentinean 


children. Pediatr Infect Dis J; Apr 2015.  
6. Dagan, R., Ashkenazi, S., Livni, G., Go, O., Bagchi, P., Sarnecki, M.. Long-term Serologic Follow-up of Children Vaccinated with a Pediatric Formulation of Virosomal hepatitis A Vaccine Administered With Routine Childhood Vaccines at 


12-15 Months of Age. Pediatr Infect Dis J; 2016.  
7. Spradling, P. R., Bulkow, L. R., Negus, S. E., Homan, C., Bruce, M. G., McMahon, B. J.. Persistence of seropositivity among persons vaccinated for hepatitis A during infancy by maternal antibody status: 15-year follow-up. Hepatology 


(Baltimore, Md.); 2016.  
8. Mosites, E., Gounder, P., Snowball, M., Morris, J., Spradling, P., Nelson, N., Bulkow, L., Bruce, M., McMahon, B.. Hepatitis A vaccine immune response 22 years after vaccination. J Med Virol; 2018. 
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4.4.4 Impact (secondary outcome) 


4.4.4.1 Impact of vaccination on the incidence of hepatitis A 


There were 13 studies reporting the change in incidence of hepatitis A in countries pre and post 
universal vaccination  programs; 8 employing single-dose HAV vaccinations, 5 employing two- dose 
HAV vaccinations. For single-dose studies, four were from China, and one each from Argentina, 
Brazil, Italy and Russia. For two-dose studies, there was one study each from Australia, China, 
Israel, Panama and the United States. The universal vaccination programs included  were initiated in 
1999 to 2014, and followup was from 1 year to 19 years. 
 
The mean incidence decreased in all studies post vaccination. In single dose studies, the incidence in 
all age groups decreased by 59% to 99%. The largest decrease was in Tyva province Russia  
(Mikhailov et al., 2020), and the least in Zhejiang providence China (Z. Wang, Chen, Xie, & Lv, 
2016). In two dose studies, the incidence in all age groups decreased by between 76% to 98%. The 
largest decrease was in a nation-wide cohort in Israel (Levine, Kopel, Anis, Givon-Lavi, & Dagan, 
2015), and the least was also reported in Zhejiang providence China (Z. Wang et al., 2016) as part of 
the same study that compared the one and two dose schedules. In studies that reported incidence by 
age group, the smallest decrease in incidence was mostly in older age groups, whilst the largest 
decreases were pronounced in children <10 years old. 
 
Incidence studies utilized notifiable disease data, therefore no studies report anti-HAV IgG antibody 
levels nor the proportion of individuals with a positive serological test showing anti-HAV IgG 
antibodies titers were above an accepted seroprotection thresholds at the end of the last follow-up 
period. Denominator data was not available, as only positive  cases were reported. 


4.4.4.2 Impact of vaccination on the seroprevalence of hepatitis A 


There were 6 studies reporting the changes in seroprevalence of hepatitis A in countries; 3 
employing single-dose HAV vaccinations, 3 employing two-dose HAV vaccinations. 
 
In Italy, no pre-universal vaccination seroprevalence was reported, however post single-dose 
universal vaccination in adult blood donors the seroprevalence was lowest for ages 27-35 (32.9%) 
and highest for the oldest age reported, 45-65 years (97.2%) (Gallone et al., 2017). In Henan, China, 
where the single-dose universal vaccination program was implemented (though a 2 dose schedule is 
available out-of-pocket) no pre-vaccination seroprevalence was reported, however, post-universal 
vaccination , seroprevalence was lowest in the youngest age group 0-15 years (38.6%), and highest 
for an older age group, 30-70 years (92.7%) (Guo et al., 2020). This study also reported the number 
of HAV notified cases pre and post universal vaccination , with a reduction of 30.60% for all ages, 
and 398.22% for children aged 0-9. Additionally, in Shandong China where a single dose universal 
vaccination  program was implemented (though a 2 dose schedule is available out-of-pocket) 
province wide seroprevalence increased from 80.6% to 83.5% for all ages, but less for ages 1.5-7 
years, from 30.8% to 77.5% (Yan et al, 2019). 
 
In two dose studies, in a hospital cohort in Guri-si South Korean, there was mixed changes in 
seroprevalence from pre-universal vaccination to post- universal vaccination (Chung et al.). In all 
ages, the decrease was 2.1%, from 54.7% to 53.6%; older populations tended to have decreases in 
seroprevalence with the largest decrease of 72% in ages 25-29 years; and those aged 5-9 years had 
the highest seroprevalence increase, from 16% to 69%, an increase of 331 %. In the United States, 
national seroprevalence increased 54.1% for ages 60-19 years, from 24.4% to 37.6% in  (Kruszon-
Moran, Klevens, & McQuillan). 
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Figure 2 - Mean changes in all-ages hepatitis A incidence before and after the implementation of a post 


universal vaccination program with single dose Inactivated schedule.   


 


 


Figure 3 - Mean changes in all-ages hepatitis incidence before and after the implementation of a 


universal vaccination program with a single dose live attenuated schedule. 
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Figure 4 - Mean changes in all-ages hepatitis A incidence before and after the implementation of a 


universal vaccination program with a two-dose schedule 
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Figure 5 - Percentage decrease of hepatitis A incidence after the implementation of universal 


vaccination program, by type of vaccine administered 
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Table 7. Summary of vaccine impact on disease incidence 


Study Country 
 


Year of 
vaccinati
on start 


Vaccine 


Stud
y 
perio
d 


Follo
w up 
durat
ion 


Age 


Mean hepatitis A disease 
incidence (per 100,000) 


% Decrease Before 
universal 
vaccinatio
n 


After universal 
vaccination 


One dose 


Vizzotti et al. 
2014 


Argentin
a 
 


2005 


Inactivated 
(strains HM 
175 720 
EL.U, 
HAVRIX 
[GSK 


2000
–
2011 


12 
years 


 2000–2002 2006–2011  
All ages 66.5 7.9 88.12 
0–4 162.2 15.5 90.44 
5–9 245.2 26.6 89.15 
10–14 111.5 14.9 86.64 
15–44 15.5 4.2 72.90 
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Biologicals, 
Rixensart, 
Belgium]; CR 
326 
25 U, VAQTA 
Merck Sharp & 
Dohme 
[Whitehouse 
Station, NJ]; 
GMB 80 U, 
AVAXIM 
[Sanofi-
Pasteur, Lyon, 
France]; and 
RG-SB 
12 UI, Virohep-
A Junior 
[NOVARTIS, 
Buenos Aires, 
Argentina]) 


=>45 5.3 2.2 58.49 


Brito et al., 
2020 


Brazil 
 2014 


Inactivated 
(brand not 
specified) 


2014
–
2018 


3.5 
years 


 2014 2015-2018  


All ages 8.22 1.64 (Range: 
0.73-3.82) 80.05 


Fangcheng, 
2012* China 2008 


Live attenuated 
(brand not 
specified) 


1990-
2009 


20 
years 


 1990-2007 2008–2009  


All ages 


20.41 
(Range: 
5.59-
51.95) 


4.07 (Range: 
3.57-4.57) 80.06 


          
    


Wang et al. 
2016 China 2008 Live attenuated 


(L-HepA)  


2005
–
2014 


10 
years 


 2005-2008 2014  
All ages 2.2 0.9 59.09 
<=19 1.68 0.22 86.90 


Xiaojin et al., China 2008 Live attenuated 2004 13  2004-2007 2008-2016  
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2018# (L-HepA)  –
2016 


years 
All ages 


6.29 
(Range: 
5.51-7.53) 


2.49 (1.65-4.46) 60.41 


Chironna ., 
2012 Italy 2014 


Until 2003, a 
combined 
hepatitis A plus 


1998
–
2009 


12 
years 


 1998 2009  


All ages 14.8 0.8 94.59 


Mikhailov et 
al., 2020 Russia 2012 


Inactivated 
(HAVRIX® 
720 EU) 


2001
–
2019 


19 
years 


 2001–2012 2013–2019  


All ages 97.4 0.87 (Range: 0-
3.2) 99.11 


<18 
years 


379.32 
(Range: 
71-869.5) 


1.99 (Range: 0-
7.5) 99.48 


 Two doses 


Thompson 
et.al, 2017 Australia 2005 


Inactivated 
(brand not 
specified) 


2000
–
2014 


15 
years 


 2000 2014  


All ages 4.25 0.97 77.18 


Wang et al. 
2019** China 2008 Inactivated (I-


HepA)  


1990-
2017 
 


28 
years 


 2004–2011 2012–2017  
All ages 1.19 0.28 76.40 
0–10 1.03 0.035 96.60 
10–20 0.68 0.16 76.47 
>20 1.87 0.65 65.24 


Xiaojin et al., 
2018*# China 2008 Inactivated (I-


HepA)  


2004
–
2016 


13 
years 


 2004-2007 2008-2016  


All ages 
2.99 
(Range: 
2.57-3.89) 


1.03 (Range: 
0.58-2.11) 65.55 


Levine et al. 
2015 


Israel 
 1999 


Inactivated 
(brand not 
specified) 


1993
–
2012 


20 
years 


 1993–1998 1999–2012  


All ages 
50.4 
(Range: 
32.4–68.0) 


<1.0 (Range: 
0.3–18.1) 98.02 


Estripeaut et 
al., 2015 Panama 2007 


Inactivated 
(Havrix®junior
)  


2000-
2010 


11 
years 


 2000 2010  
All ages 112.29 3.59 96.81 
<1 35.1 0 100.00 
1–4 130 3.2 97.54 
5–9 225.4 2.6 98.85 
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10–14 214.8 3.6 98.32 
15–19 146.9 6.2 95.78 
20–24 84 6 92.86 
25–49 43.9 3 93.17 
≥50 18.2 4.1 77.47 


Erhart et al., 
2021 


United 
States 1996 


Inactivated 
(brand not 
specified) 


1988-
2007 


20 
years 


 1994–1995 2006–2007  


All ages 41 (95% 
CI: 41; 42) 


2.6 (95% CI: 2.5; 
2.7) 93.66 


<1 40 (95% 
CI: 35; 46) 


1.5 (95% CI: 0.6; 
2.4) 96.25 


1–4 81 (95% 
CI: 77; 85) 


0.6 (95% CI: 0.4; 
0.9) 99.26 


5–9 
146 (95% 
CI: 141; 
150) 


1.7 (95% CI: 1.2; 
2.1) 98.84 


10–14 76 (95% 
CI: 72; 79) 


4.7 (95% CI: 4.0; 
5.4) 93.82 


15–19 54 (95% 
CI: 51; 57) 


4.4 (95% CI: 3.7; 
5.1) 91.85 


20–39 38 (95% 
CI: 37; 39) 


3.5 (95% CI: 3.2; 
3.8) 90.79 


40–64 12 (95% 
CI: 11; 13) 


2.1 (95% CI: 1.9; 
2.3) 82.50 


≥65 
4.1 (95% 
CI: 3.5; 
4.7) 


1 (95% CI: 0.8; 
1.3) 75.61 


*China's Expanded Program of Immunization provides universal coverage for a single-dose schedule; however, individuals are able to 
pay for a two-dose schedule out of pocket. Therefore, it is assumed most of the population receive a single dose. 
** 2008-2011 one dose, 2011 onwards two doses 
# Xiaojin et al., 2018 is included in both groups as the study reports both single and two-dose impact 
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Table 8. Summary of vaccine impact on disease (non-incidence) 


Study 
Countr
y 
 


Year of 
vaccinati
on start 


Vaccin
e  


Study 
period 


Follo
w up 
durati
on 


Anti-
HAV 
IgG 
antibo
dy 
levels 
at last 
year 
of 
follow
-up 


% 
Serop
rotect
ed at 
last 
year 
of 
follow
-up 


Outcome Age 


 


% 
chang
e 


Before 
universal 
vaccinati
on 


After 
universal 
vaccinati
on 


One dose 


Yonghao 
et al. 
2020* 


China 2008 
 


Live 
attenua
ted (L-
HepA)  


2005-
2018 
 
(2017 -
2018 
sub-
cohort) 
 


14 
years 
 
(No 
follow 
up 
sub-
cohort
) 


Not 
report
ed 


64.5% 


Count 


 2007 2018  
All ages 7489 237 -30.60 


0–9 3593 9 -
398.22 


Seroprevalen
ce (sub-
cohort) 


All ages Not 
reported 64.5 - 


0-1.5 Not 
reported 38.6 - 


1.5-4 Not 
reported 71.6 - 


4-6 Not 
reported 75 - 


4-9 Not 
reported 61 - 


9-15 Not 
reported 61.4 - 


15 Not 
reported 60.8 - 
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30-70 Not 
reported 92.7 - 


Yan et al., 
2019* China 2008 


Live 
attenua
ted (L-
HepA)  


2006-
2014 


9 
years N/A 83.54


% 
Seroprevalen
ce 


 2006 2014  


All ages 


80.56% 
(95% CI 
77.34–
83.78%) 


83.54% 
(95% CI 
81.34–
85.74%) 


3.70 


1.5–7 


30.76% 
(95% CI 
26.24–
35.28%) 


77.46% 
(95% CI 
74.04–
80.87%) 


151.82 


8–14 


35.32% 
(95% CI 
29.31–
41.33%) 


66.69% 
(95% CI 
55.59–
77.80%) 


88.82 


20–29 


85.72% 
(95% CI 
80.29–
91.14%) 


69.24% 
(95% CI 
62.02–
76.45%) 


-19.23 


Gallone et 
al., 2017 


Italy 
 


1997 
 


Not 
specifie
d 


May 
2011 
to June 
2012 
 


1 year 
Not 
report
ed 


64.1% 
(overal
l) 
 
96.1% 
(two 
dose) 
 
11.3% 
(one 
dose) 


Seroprevalen
ce (sub-
cohort) 


 N/A 2011/201
2  


All ages Not 
reported 64.1 - 


18-26 Not 
reported 64.5 - 


27-35 Not 
reported 32.9 - 


36-45 Not 
reported 58.9 - 


46-55 Not 
reported 87.3 - 


Chironna 
et al., Italy 2014 Until 


2003, a 
2014–
2018 


5 
years 


Not 
report


 
42.2% 


Susceptibilit
y to HAV  2001–


2012 
2013–
2019  
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2012 combin
ed 
hepatiti
s A 
plus 


 
(subco
hort 
2008) 


 
(sub-
cohort 
no 
follow 
up) 


ed infection - 
negative for 
anti-HAV 
IgG 
antibodies 
(sub-cohort) 


All age 
groups 


Not 
reported 


57.8% 
(CI: 
54.55- 
61.12) 


- 


0-5 Not 
reported 


69.9% 
(no CI 
reported) 


- 


6-10 Not 
reported 


70.9% 
(CI: 
62.10-
79.65) 


- 


16-20 Not 
reported 


22.1% 
(CI: 
14.47-
29.78) 


- 


21-25 Not 
reported 


70.0% 
(CI: 
61.02-
78.98) 


- 


26-30 Not 
reported 


69.4% 
(no CI 
reported) 


- 


31-35 Not 
reported 


Not 
reported - 


36-40  Not 
reported 


46.5% 
(CI: 
37.90-
55.12) 


- 


Mikhailov 
et al., 
2020 


Russia 2012 


Inactiv
ated 
(HAV
RIX® 
720 


2001–
2019 


19 
years 77.3 % Seropositive 


(sub-cohort) 


 2001-
2003 


2011-
2013  


All ages Not 
reported 


77.3 
(74.7–
79.8) 


- 
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EU) 


5 
years: 
GMC 
mIU/
mL 
57.73 
(16.51
–
98.95) 


<1 Not 
reported 


55.7 
(45.3–
65.6) 


- 


1–4 Not 
reported 


28.0 
(20/1–
37.5) * 


- 


5–9 Not 
reported 


42.0 
(32.8–
51.8) * 


- 


10–14 Not 
reported 


66.0 
(56.3–
74.6) * 


- 


15–19 Not 
reported 


86.0 
(77.7–
91.6) 


- 


20–29 Not 
reported 


98.0 
(92.6–
99.9) 


- 


30–39 Not 
reported 


96.0 
(89.8–
98.8) 


- 


40–49 Not 
reported 


98.0 
(92.6–
99.9) 


- 


50–59 Not 
reported 


97.0 
(91.2–
99.4) 


- 


>60 Not 
reported 


99.2 
(95.1–
100.0) 


- 


Two dose 
Kruszon-
Moran et 


 
 


1999-
2006 


Inactiv
ated 


2003–
2010 


8 
years N/A 37.6% Seroprevalen


ce  2003–
2006 


2007–
2010  


3.3_HepatitisA


SAGE meeting April 2022 72







 


73 


 


al., 2013 
 


United 
States 
 


(brand 
not 
specifie
d) 
______ 
 
 
Inactiv
ated 
(brand 
not 
specifie
d) 
 
 


6–19 


24.4 
(95% CI: 
16.6-
33.9) 


37.6 
(95% CI: 
32.6-
42.7) 


54.10 
 


Galor et 
al, 2020 


Israel 
 1993 


2011-
2017 
 


N/A  
Not 
report
ed 


34.50
% 


Seroprotecti
on (sub-
cohort) 


  2011-
2017  


18–
19(born 
before 
UV) 


- 68.00% - 


18–19 
(born after 
UV) 


- 34.50% - 


Papaevang
elou et al, 
2016 


Greece 2008 
 


Not 
reporte
d 


1992-
2013 


22 
years N/A N/A 


HA hospital 
admission 
per 1000 
admission 


 1999-
2007 


2008-
2013  


All age-
groups 


50.5 
(95%CI 
29.2–
67.1) 


20.8 
(95%CI 
19.2–
30.1) 


-58.81 


Chung et 
al. 2014 


South 
Korea 


1997 
(paeds) 
2012 
(adult) 


Not 
reporte
d 


2001-
2013 


13 
years 


Not 
report
ed 


53.58
% 


Seroprevalen
ce (sub-
cohort) 


 2001-
2003 


2011-
2013  


All ages 54.68% 53.58% -2.00 
<1 68.40% 38.90% -43.13 
1-4 30.20% 64.90% 114.90 
5-9 16% 69% 331.25 
10-14 17.90% 56.90% 217.88 
15-19 11.10% 22.70% 104.50 
20-24 17.60% 18.40% 4.55 
25-29 58.30% 16.30% -72.04 
30-34 70.80% 26% -63.28 
35-39 87.80% 54.80% -37.59 
40-44 94.50% 81.20% -14.07 
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45-49 94.60% 95.80% 1.27 
50-54 88.90% 98.10% 10.35 


Yin et al. 
2020 


United 
States 2006 


Inactiv
ated 
(not 
specifie
d) 


2007-
2016  
 


10 
years 
 


Not 
report
ed 


21% 
HAV 
suscep
tibility  


HAV 
susceptibility 


 2007 2016  


2–11 57.7% 13.7% 44.00
% 


12–19  66.8%  28.2% 38.60
% 


20–29 85.9%  65.2% 20.70
% 


*China's Expanded Program of Immunization provides universal coverage for a single-dose schedule; however, individuals are able to pay for a 
two-dose schedule out of pocket. Therefore, it is assumed most of the population receive a single dose. 
 


3.3_HepatitisA


SAGE meeting April 2022 74







 


75 


 


4.4.5 Safety and adverse events (Secondary outcome) 


We only identified four publications having vaccine safety as a primary or secondary aim. This was 
not unexpected given HAV vaccines have been approved by regulatory authorities and available in 
commercial markets for more than 2 decades. Therefore, consistent evidence on the safety profile of 
HAV vaccines has been accumulated through both epidemiological surveillance, national vaccine 
adverse event reporting systems, and research over a long period of time (more than 20 years). 
 
Two studies were longitudinal, one study was a phase IV single-arm trial and one study was an 
analysis of secondary data derived from nationwide surveys. Studies reported on adverse events 
following immunization with both one- and two doses. Study age groups ranged from infanthood 
through adolescence. Sample size in most studies was generally low, and in studies following up 
participants (Beran et al., 2016; Mitra et al., 2015), loss to follow up at the end of observation period 
varied between 30 and 78%, with follow-up times between 5 and 15% years.   
 
Incidence of adverse events following immunization was low across all studies.  Inflammatory local 
site reactions was the most frequent. Only one study (Xiaojin et al., 2020) reported occurrence of 
serious adverse events, although with a very low incidence, primary anaphylaxis.   
 
One included systematic review (Irving, Holden, Yang, & Pope, 2012) systematically examined 
published literature on vaccine safety and adverse events in the period until 2011.  
 
We will not present the result here, but refer to the original study. Meta-analysis did not identify any 
adverse events of note, although data from live vaccines was limited. The authors concluded that: 
 


“There is a lack of trials with low risk of bias to conclude whether or not live attenuated HAV 
vaccine has a significant risk of any adverse events in comparison to placebo, adequate control, or 
no intervention. A number of studies investigating adverse events in live attenuated HAV vaccine 
used non-comparative study designs with non-standardised definitions of what constituted an 
adverse event. This paucity of high quality data for the live attenuated HAV vaccine is of particular 
concern given the theoretical possibility of virulent atavism where the attenuated virus reverts back 
to its 'wild type'.  


 
For the inactivated HAV vaccine, no significant difference was noted for either local or serious 


adverse events when compared to placebo, ap- propriate control, or no vaccine. Although only one 
trial looked at this outcome, the trial itself had low risk of bias and was appropriately powered”. 
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Table 9. Summary of findings for adverse events following administration of hepatitis A vaccine. 


Study 
 
 


Country and 
population 


 
Intervention 


Outcome 
 
 


Follow up 
period 


Illustrative 
comparative 


risks 
Summary 


Mitra 
M, 
2015. 


India 
 
Children 1- 12 
years 


Single dose 
live attenuated 
vaccine 
(Biovac-A) 


hepatitis 
A-related 
mortality 


5 years Not 
applicable 


No Adverse events registered during entire follow-up 
period 


Beran 
2016 


Belgium 
 
Adolescents 


Two vs three 
dose 
combined 
hepatitis A 
and B vaccine 
(Twinrix) 


All-cause 
mortality 15 years Not 


applicable 


Pain at the injection site (2-dose group: 5/8; 3-dose 
group: 4/11) and fatigue (2-dose group:3/8; 3-dose 
group: 3/11) were the most reported local and general 
symptoms, respectively, during a period of 4-day 
follow-up after a challenging dose of monovalent 
hepatitis B vaccine. However no subjects received a 
challenge dose of hepatitis A vaccine as all remained 
seropositive. 


Shi 2019 


China 
 
Infants and 
toddlers (< 2 
years of age), 
children (2 to 
11 years of 
age), and 
adolescents(≥ 
12 years of age) 


Two dose 
inactivated 
vaccine 
(Avaxim 
pediatric) 


Clinically 
apparent 
hepatitis 


Up to 30 
days 
following 
second dose 


Not reported 


The incidence of solicited injection site reactions 
(being tenderness and pain the most frequent events) 
was lower in infants and toddlers (17.9%) compared to 
children and adolescents (33.3%) 
Incidence of solicited systemic reactions (being fever 
the most frequent event) was similar for each group. 
The incidence of unsolicited AEs (rash, diarrhoea, 
signs of upper respiratory infection) in infants and 
toddlers was 6.3% and none in children and 
adolescents. For solicited and unsolicited 
AEs the incidence was slightly higher after the first 
vaccination. There were no serious adverse events. 
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Xiaojin 
2020 


China 
 
Children <14 
years old 


Inactivated 
hepatitis A 
vaccine (I-
HepA) and 
live attenuated 
hepatitis A 
vaccine (L-
HepA) 


Non-
serious 
systemic 
adverse 
events  


Not 
applicable 
(cross-
sectional 
design) 


Not reported 


Serious AEFI:  annual incidence of serious AEFI was 
<0.5/100 000 * dose for both vaccines. The most 
common serious AEFIs were anaphylactic shock  and 
febrile convulsion.                         Non serious AEFI:   
10.11/100 000 doses for I-HepA and 8.52/100 000 
doses  for L-HepA. There were no meaningful 
differences in the types of common, mild AEFI 
between the two 
vaccines 


AEFI: adverse events following immunization
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4.4.6 Modeling studies and economic impact analysis of HAV vaccine and programming (secondary 


outcome) 


The search identified 13 studies (Agrawal et al., 2020; Ayouni et al., 2020; Carlos, Gómez, Anaya, & 
Romano-Mazzotti, 2016; Curran, de Ridder, & Van Effelterre, 2016; Dhankhar et al., 2015; 
Dimitrova et al., 2014; Espul et al., 2020; Hankin-Wei et al., 2016; Hayajneh et al., 2018; Lopez et 
al., 2015; Sartori et al., 2012; Suwantika, Beutels, & Postma, 2014; Suwantika, Yegenoglu, 
Riewpaiboon, Tu, & Postma, 2013; Van Effelterre, De Antonio-Suarez, Cassidy, Romano-Mazzotti, 
& Marano, 2012; Y. P. Yu et al., 2020) which used mathematical extrapolation or modeling of data 
to investigate the effectiveness and impact of HAV vaccination. Some studies had multiple 
publications.  
 
These studies focused on three primary areas, with a number of studies covering more than 1 
domain: (1) those modeling the longevity of immune response to vaccine based on individual studies 
(often an extension of the primary study data) – 4 studies (2) population based models examining the 
epidemiological impact of single or two, universal or targeted HAV vaccine programs compared to 
no HAV vaccination – 7 studies (3) economic impact models to assess the cost effectiveness, cost 
benefit or budgetary impact of such programs – 8 studies.  


4.4.6.1 Studies modeling the duration of immune response to HAV vaccination  


 
There were 4 models which estimated the longevity of antibody persistence. Two were based on data 
from separate Argentina cohorts followed for 10 (Espul et al., 2020) and 15 years(Lopez et al., 
2015), a the third was based on a Chinese RCT comparing 2 different inactivated vaccines over 5 
years (Y. P. Yu et al., 2020) and a four based on data from clinical trials in Belgium and the Czech 
Republic.(Agrawal et al., 2020) All studies used fitted extrapolation models to estimate the duration 
of antibody response based on seroprotection and GMC data from the original study. While 
assumptions varied, all 4 models estimated very high seroprotection levels to at least 30 years. Espul 
2020 (Espul et al., 2020) modeled both single and two dose antibody longevity and found no 
difference at 30 years, as well as the the impact of natural boosting in levels of seroprotection at 30 
years and found only 5% difference. Agrewal 2020 (Agrawal et al., 2020), a 2 dose study, modeled 
to 50 years showing that 85% of subjects would remain seropositive through years 40 and 50. Yu 
2020(Y. P. Yu et al., 2020) modelled out to 60 years showing the cohort would remain above the 20 
seroprotection mark of 20IU/mL, however this was a 2 dose study. 
 
Key limitations of these duration of immune response modeling (extrapolation) studies reviewed 
here were the narrow range of empiric data used to build the extrapolation models and that only one 
extrapolation model examined the longevity of single dose and the effect of natural boosting.  
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Table 10. Mathematical models for the duration of immune protection from HAV vaccination (1 or 2 dose) (Agrawal et al., 2020; Espul et al., 2020; Lopez et al., 2015; Y. P. Yu 


et al., 2020) 


Author, 
year 


Aim of 
modeling    Model structure Setting/country 


Population 
examined 
(impact) 


No of 
doses Vaccine efficacy Vaccine 


coverage 
Scenario
s 


Duration of 
protection 
(waning) 


Weaknesses 


Time 
horizo
n 
(years
) 


Key outcomes 


Agraw
al 2020 


Duration of 
immune 
protection 


linear-mixed 
model fitted to 
long-term 
immunogenicity 
trials 


Belgium/Czech 
Republic GSK 
database data, 
studies of >10 
years follow up 


Mixed 
children and 
adults 


2 
dose 


No specified (appears 
100% @ 15 years 


Individua
l level 
modeling 


N/A Seroprotection 
for 50 years 


Only 2 dose. 
No 
population 
impact. 
Data from 
GSK 
database.  
Includes 
adults 


Up to 
50 
years 


Models predicted 
that over 90% and 
over 85% of subjects 
would remain 
seropositive at year 
40 and year 50, 
respectively, 
following 2-dose 
HAV 1440 EU 
vaccination [8]. 
Similarly, over 97% 
of subjects were 
predicted to remain 
seropositive at year 
40 following 3-dose 
HAB 720 EU 
vaccination 
2-dose HAV 1440 
studies, namely[85% 
remain protected 
after 50 years. 
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Espul 
2020 


Individual 
level 
Longevity 
of immune 
response to 
primary 
HAV 
vaccine  


Bayesian 
Markov Chain 
Monte-Carlo 
methods 


Argentina 
Extrapolation 
from data 
from existing 
cohort study 


1 or 2 
doses 


Model fitted to 
GMC/seroprotection 
data up to year 10 of 
follow up 


NA NA 


Linear vs 
piecemeal decay, 
natural boosting 
vs no natural 
boosting 


Limited data 
source (1 
study, small 
sample), only 
extrapolated 
to 30 years.  


30 
years 


No clear difference 
at 20 & 30 years for 
1 vs 2 dose 
regimens 
Similarly, predicted 
seroprotection was 
similar for the 1-dose 
and 2-dose regimens 
at 20 years (98-99% 
vs 96-97%) and 30 
years (84-89% vs 80-
85%) 
Predicted antibody 
GMCs declined in a 
linear manner to 30 
years for the 1- and 
2-dose regimens, 
with and without 
natural boosting. At 
both 20 years and 30 
years, predicted 
antibody 
concentrations are 
higher when a 
natural booster was 
included in the 
model, and higher 
for the 2-dose model 
than the 1-dose 
model. 
However natural 
boosting had a 
limited impact on 
predicted 
seroprotection at 20 
years or 30 years for 
the 1-dose regimen 
(99 versus 98% [20 
years] and 89 versus 
84% [30 years] with 
and without a 
booster) or the 2-
dose regimen (97 
versus 96% [20 
years] and 85 versus 
80% [30 years] with 
and without a 
booster). 
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Lopez 
2015 


Individual 
level 
Longevity 
of immune 
response to 
primary 
HAV 
vaccine  


Extrapolation 
models with 
linear or 
exponential 
decay or fitted 
curve of GMC 


Argentina 
Extrapolation 
from data 
from existing 
cohort study 


2 
doses 


Model fitted to 
GMC/seroprotection 
data up to year 15 of 
follow up 


NA NA 


6 models fitted 
to existing 
dataset to 
replicate and 
predict 
longevity. Also 
allowed for 
seropositivity 
prior to 
vaccination. 


Limited data 
source (1 
study, small 
sample), only 
extrapolated 
to 30 years.  


30 
years 


Seroprotection rates 
for children 
seronegative prior to 
vaccination were 
96%, 96% and 88% 
who are predicted to 
remain to have 
seroprotection at 20, 
25 and 30 years post 
first vaccine dose. 
The predicted mean 
concentration of anti-
HAV at years 20, 25 
and 30 years are 208, 
181 and 156 
mIU/mL amongst 
children seronegative 
prior to vaccination 


Yu 
2020 


Individual 
level 
Longevity 
of immune 
response to 
primary 
HAV 
vaccine 


Two different 
nonlinear 
mixed-effects 
(power-law and 
modified power-
law models) 


China 


Extrapolation 
from data 
from existing 
RCT study (2 
different 
inactivated 
vaccines) 


2 
doses 


Model fitted to 
GMC/seroprotection 
data up to year 5 of 
follow up 


NA NA 


2 models fitted 
to existing 
dataset to 
replicate and 
predict 
longevity. 


Limited data 
source (1 
study, small 
sample), only 
extrapolated 
to 30 years 


30 
years 


Model 1 predicted 
that at 30 years, more 
than 90% of 
participants would 
have seroconversion 
(anti-HAV ≥ 20 
mIU/mL). 
In model 2, which 
showed better fitting, 
the predicted 
seroconversion rate 
of Healive remained 
above 95% for at 
least up to 35 years 
GMC projections to 
60 years predicted 
the cohort would 
remain above the 
seroprotection cut-
off of 20IU/mL 
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4.4.6.2 Population impact models for universal HAV vaccine programming 


Given wide contextual variation between the population based epidemiological impact models, it is 
difficult to draw overarching conclusions from the data. Nevertheless, key themes include that 
universal, primary immunization programs have early and substantial epidemiological impact; that 
both single and 2 dose schedules are effective and the difference is determined by assumptions on 
waning immune protection, that herd immunity is a substantial contributor to the overall impact of a 
universal HAV vaccine program; that universal HAV vaccine programs are more impactful where 
endemicity is higher; and finally pros and cons of committing the extra resources necessary to initiate 
a complete catch-up vaccine program in settings of low endemicity require would require country 
and context specific investigation prior to initiation.   
 
The Mexican models(Carlos et al., 2016; Curran et al., 2016) demonstrated at the population level 
that universal 2 dose strategies have a greater epidemiological impact, but with only the single dose 
strategy being cost saving. Sensitivity analyses show the profound impact of assumptions on immune 
protection longevity.  
 
In the USA, one study examined the impact of a universal childhood vaccination program (to 
coverage of 81%) resulting in a substantial reduction in infections and hospital presentations (i.e. 
morbidity and subsequent costs), but just 228 deaths. The study found the impact of accounting for 
herd immunity was substantial in accelerating the impact of such a vaccine program. Another study 
modeled the epidemiologic impact of population based catch up programs for HAV vaccination. The 
model did not demonstrate marked impact, as 752 doses of vaccine would have to be administered to 
reduce HAV incidence by 1 case.  
 
An analysis in Tunisia (Ayouni et al., 2020) reported that while the 2-dose regimen was impactful 
epidemiologically, for budgetary reasons the single dose regimen (though which reduced impact) 
would be more attractive. 
 
The Jordanian model (Hayajneh et al., 2018), which indeed used a similar math model as the USA 
primary vaccine study(Dhankhar et al., 2015) demonstrated almost immediate and substantial impact 
of the introduction of a universal vaccine program, reducing HAV incidence from 900 to < 1 
case/100000 population over the first 5 years of the program, dramatically changing the 
epidemiology of HAV in the country.  
 
In Indonesia, an examination of the impact of vaccinating a full calendar year birth cohort on HAV 
disease in their lifetime showed a 40% further reduction in cases from the 2 dose regimen (~453 000) 
compared to a single dose strategy (~322 000), but again few additional deaths avoided. (Suwantika 
et al., 2014) 
 
A model of the impact of universal HAV childhood vaccine (vs current policy of targeted) in Brazil 
(Sartori et al., 2012) showed substantial reductions in morbidity and mortality (around 60%) as well 
as years of life lost to HAV. In addition, the impact was greater for the north than the south of Brazil 
(prevalence is higher in the north of the country).  
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Table 11. Studies using mathematical models for population impact of HAV vaccine programming (1 or 2 dose).  


)(Ayouni et al., 2020; Carlos et al., 2016; Curran et al., 2016; Dhankhar et al., 2015; Hankin-Wei et al., 2016; Hayajneh et al., 2018; Sartori et al., 2012; Suwantika et al., 2014; 


Suwantika et al., 2013; Van Effelterre et al., 2012; Y. P. Yu et al., 2020)  


Author, 
year 


Aim of 
modeling    Model structure Setting/country 


Population 
examined 
(impact) 


No of 
doses 


Vaccine 
efficacy 


Vaccine 
coverage Scenarios 


Duration of 
protection 
(waning) 


Weaknesses 
Time 
horizon 
(years) 


Key outcomes 


Ayouni 
2020 


Impact of 
population 
vaccine 
program 


linear age 
structured SEIR3  
compartmental 
model 


Thala, rural 
Tunisia, based 
on household 
survey data 


Children 
and adults 


1 or 2 
doses 


97% (not 
clear if 
different 
for 1 or 2 
doses)  


Universal 
(primary 
+/- catch 
up) 


Scenario1 two 
doses of HAV 
vaccine: a 
systematic 
vaccination at 
12 months and a 
catch-up 
vaccination at 
6 years of age 
during a period 
of 6 years. 
Scenario 2 one 
dose at 
12 months of 
age Scenario3 in 
the introduction 
of one dose at 
6 years of age. 


Lifelong 


Appears to 
assume 100% 
coverage 
Data derived 
from one 
small centre 
in Tunisia 


Lifetime 
(80 years) 


The vaccine model 
showed that the 3-
scenarios lead to a 
significant reduction 
of the fraction of 
susceptibles. The two 
doses scenario gives 
the best results. 
Single-dose 
vaccination at 6-years 
of age provides more 
rapid decrease of 
disease burden in 
school-aged children, 
as compared to single-
dose vaccination at 
12-months, but keeps 
with a non-negligible 
fraction of 
susceptibles among 
children < 6-years. 
Taking into 
consideration budget 
limitations, the 
introduction of more 
than one dose of 
vaccine, in newborns 
and other ages, may 
not be possible and 
only one dose would 
be used. 


 
3 Susceptible-Exposed-Infectious- Recovered model 
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Curran 
2016 
also 
published 
in Carlos 
2015 


Impact of 
population 
level HAV 
childhood 
vaccine 
program  


Deterministic, 
compartmental 
and age-stratified 
dynamic 
transmission model 
of HAV in 
Mexico, calibrated 
to Mexican 


Mexico Adults and 
children 


1 or 2 
doses 


97% first 
dose, 
99% with 
second 
dose 


80% first 
dose, 68% 
with 
second 
dose 


Universal 1 or 2 
dose vaccine 
program vs no 
program 


Wane (2 
doses) at 
0.12% per 
year for the 
first 25 
years and a 
rate of 
0.62% per 
year 
Wane at (1 
dose)1.62% 
per year for 
the first 10 
years and 
2.67% 
thereafter  
Sensitivity 
analysis 
examined 
different 
waning 
scenarios 


Modeling 
study, but 
overall 
quality is 
good and 
extensive 
sensitivity 
analysis. 
Substantial 
vaccine 
waning was 
modelled, 
and duration 
of immune 
protection 
substantially 
impacts on 
population 
impact 


25year 
and 100 
year 
models 


Compared with no 
vaccination and over 
25y, the single-dose 
HAV vaccination 
strategy would be 
expected to reduce the 
number of anicteric 
HAV infections by 
67% and the number 
of icteric HAV 
infections (reported or 
unreported) by 36%. 
The two-dose HAV 
vaccination strategy 
would be expected to 
reduce the number of 
anicteric HAV 
infections by 72% and 
the number of icteric 
HAV infections 
(reported or 
unreported) by 55%. 
The projected 
reduction in total 
HAV infections was 
57% with single-dose 
HAV vaccination and 
67% with 2-dose 
HAV vaccination 
In the 50y immune 
protection model, the 
best results in terms 
of reduced incidence, 
observed with a 1-
dose strategy, are not 
as good as the worst 
scenario with a 2-dose 
strategy 
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Dhankhar 
2015 


Impact of 
population 
vaccine 
program 


Dynamic 
deterministic 
disease 
transmission model 
(MSEI4R 
compartmental 
structure) 


USA (national 
level) 


Child and 
adults 


1 or 2 
doses 


100% for 
1 or 2 
doses 


Universal 
(81%)  
from age 1 
(though 
?1-2yos 
only) 
 


Sensitivity 
analysis 
addressed 
impact of 
different 
assumptions, 
including 100% 
adherence 
strategy 


Median 
duration of 
protection  
21 – 32 
years 


 Modeling 
study, but 
overall 
quality is 
good and 
extensive 
sensitivity 
analysis  


100 years 


On average, universal 
routine hepatitis A 
vaccination prevented 
259,776 additional 
infections, 167,094 
outpatient visits, 4781 
hospitalizations, and 
228 deaths annually.  
When herd protection 
was ignored in 
scenario analysis, 
universal vaccination 
only prevented 94,957 
infections, 46,179 
outpatient visits, 1286 
hospitalizations, and 
15 deaths annually. 


Hankin-
wei 2016 


Impact of 
population 
based HAV 
vaccine catch 
up program 


Markov disease 
progression model USA Children < 


18 years 


2 
doses 
(catc
h up) 


Not clear 


Not clear 
(~50%) of 
population 
would 
need catch 
up 


Sensitivity 
analysis model 
proportion 
needing catch 
up range 37.5 – 
62.5% 


Not clear 


2 dose catch 
up strategy in 
a country of 
low 
endemicity 


Life time 
of cohort 
(~80years
) 


Catch-up vaccination 
at age 10 years would 
reduce total HAV 
infections relative to 
baseline by 741, with 
556,989 additional 
vaccine doses 
administered. In total, 
for every 752 
additional doses 
administered, one 
case of HAV infection 
would be averted. 


Hayajneh 
2018 


Impact of 
population 
based HAV 
childhood 
vaccination 


Dynamic 
deterministic 
disease 
transmission model 
(MSEI5R 
compartmental 
structure) 


Jordan Children 
and adults 


2 
doses 


100% for 
1 and 2 
dose  
 


95% for 1 
dose 
~90% for 2 
doses 


Deterministic 
and probabilistic 
sensitivity 
analysis were 
run for a variety 
of different 
scenarios 


Median 
duration of 
protection 
of a 
completed 
one-dose 
(21 years) 
and two-
dose (32 
years) 
 


Does not 
investigate a 
single dose 
scenario 


50 years 


The model predicts 
rapid and substantial 
decrease in 
overall incidence of 
hepatitis A 
 (from 900 cases to 
less than one case per 
100,000 within five 
years of launching) 
The 50 year time 
horizon there are 4.26 
million infections 
avoided resulting in 
more than 1.4 million 
inpatient cases 
avoided  


 
4 Maternal-susceptible-exposed-infectious-recovered compartmental structure 
5 Maternal-susceptible-exposed-infectious-recovered compartmental structure 
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Sartori 
2012 


Impact of 
universal 
childhood 
vaccination vs 
targeted 
program 


age and time- 
dependent 
susceptible – 
infected/infectious 
– 
recovered – 
vaccinated (SIRV) 
compartmental 
dynamic model of 
hepatitis A 
transmission 


Brazil 
(national) and 5 
regions of 
Brazil 


Childre
n and 
adults 


2 
doses 94% 90% 


Universal vs 
targeted 
(existing 
strategy). 
Sensitivity 
analysis  present 


Not clear 


Does not 
appear to 
allow for 
waning 


24 years 


The universal 
childhood 
immunization 
program would 
reduce icteric cases by 
64%, deaths by 59% 
and reduce YLL 
(from HAV) by 62%.  
The reduction of the 
icteric cases 
would be slightly 
larger in the “North” 
(68%) than in the 
“South” (61%), as 
well as the reduction 
in deaths, “North” 
(65%) and “South” 
(57%). 


Suwantika 
2014 


Impact of 
universal 
childhood 
vaccine 
program 


I Indonesia 
A single 
year birth 
cohort 


1 or 2 
doses 


93% 
(first 
dose) 
95% (2 
doses) 


80% 


Single vs 2 
doses. 
Sensitivity 
analysis covered 
a range of 
assumption 
scenarios 


Wane (2 
doses) at 
0.32% per 
year for the 
first 10 
years and a 
rate of 
0.62% per 
year 
Wane at (1 
dose)1.62% 
per year for 
the first 10 
years and 
2.67% 
thereafter  
Sensitivity 
analysis 
examined 
different 
waning 
scenarios 


Only 
examines a 
single year 
birth cohort 


70 year 
(lifetime 
for 
Indonesia) 


Vaccination of 4 200 
000 infants (the 2012 
calendar year birth 
cohort) would reduce 
HAV infection by 452 
834 (2 doses) and 322 
207 (single dose) 
cases  
 
The two-dose vaccine 
schedule would 
reduce hepatitis A 
cases (mild) by 247 
694 (65.0%), 
(moderate) 148 670 
(65.0%), (severe) 56 
064 (68.7%), and 
deaths by 406 
(59.8%)  
 
The single dose 
vaccine schedule 
would reduce 
hepatitis A cases by  
(mild) 174 157 
(45.7%), (moderate) 
104 579 (45.7%),  
(severe) 43 224 
(53.0%), and deaths 
by 247 (36.3%)  
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4.4.6.3 Economic impact analyses (secondary outcome) 


Given wide contextual variation between the population based epidemiological impact models, it is 
difficult to drawn overarching conclusions from the data. Nevertheless, key themes include that 
universal, primary immunization programs have early and substantial epidemiological impact; that both 
single and 2 dose schedules are effective and the difference is determined by assumptions on waning 
immune protection, that herd immunity is substantial contributor to the overall impact of a universal 
HAV vaccine program; that universal HAV vaccine programs are more impactful where endemicity is 
higher; and finally pros and cons of committing the extra resources necessary to initiate a complete 
catch-up vaccine program in settings of low endemicity require would require country and context 
specific investigation prior to initiation.   
 
The Mexican models(Carlos et al., 2016; Curran et al., 2016) demonstrated at the population level that 
universal 2 dose strategies have a greater epidemiological impact, but with only the single dose strategy 
being cost saving. Sensitivity analyses show the profound impact of assumptions on immune protection 
longevity.  
 
In the USA, one study examined the impact of a universal childhood vaccination program (to coverage 
of 81%) resulted in a substantial reduction in infections and hospital presentations (i.e. morbidity and 
subsequently costs), but just 228 deaths. The study found the impact of accounting for herd immunity 
was substantial in accelerating the impact of such a vaccine program. Another study modeled the 
epidemiologic impact of population based catch up program for HAV vaccination. The model did not 
demonstrate marked impact, as 752 doses of vaccine would have to be administered to reduce HAV 
incidence by 1 case.  
 
An analysis in Tunisia (Ayouni et al., 2020) reported that while the 2-dose regimen was impactful 
epidemiologically, for budgetary reasons the single dose regimen (though which reduced impact) 
would be more attractive. 
 
The Jordanian model (Hayajneh et al., 2018), which indeed used a similar math model as the USA 
primary vaccine study(Dhankhar et al., 2015) demonstrated almost immediate and substantial impact of 
the introduction of a universal vaccine program, reducing HAV incidence from 900 to < 1 case/100000 
population over the first 5 years of the program, dramatically changing the epidemiology of HAV in 
the country.  
 
In Indonesia, an examination of the impact of vaccinating a full calendar year birth cohort on HAV 
disease in their lifetime showed a 40% further reduction in cases from the 2 dose regimen (~453 000) 
compared to a single dose strategy (~322 000), but again few additional deaths avoided. (Suwantika et 
al., 2014) 
 
A model of the impact of universal HAV childhood vaccine (vs current policy of targeted) in Brazil 
(Sartori et al., 2012) showed substantial reductions in morbidity and mortality (around 60%) as well as 
years of life lost to HAV. In addition, the impact was greater for the north than the south of Brazil 
(prevalence is higher in the north of the country).  
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Table 12. Studies of the economic impact of HAV vaccine programming  


(Carlos et al., 2016; Curran et al., 2016; Dimitrova et al., 2014; Ghildayal, 2019; Hankin-Wei et al., 2016; Hayajneh et al., 2018; Sartori et al., 
2012; Suwantika et al., 2014) 


Authors 
(Year) 


Interventio
n 


Comparato
r 


No. of 
Doses 


Vaccine 
Efficacy, % 


Vaccine 
Coverage, 
% 


Price per Dose, 
$ 


ICER (Base 
Case) 


Unit of 
ICER 


Country/ 
GDP per 
capita 


Conclusion of 
EE study 


Curran 
2016 
also 
published 
in Carlos 
2015 


Single or 2 
dose HAV 
program 
(initial) 


No 
vaccination 


1 
vs 2 


97% (1 
dose 


99% (2 
dose) with 
waning 
allowance 1 
dose> 2 
doses 


 


80% 13.17MXN/dos
e; US$1/dose 


If immune 
protection is > 
10 years then 1 
dose ICUR 
range – 1126 to 
–) 3835 
MXN/QALY (ie 
cost saving) 
2 dose (ICUR 
range: 
8,034 to 14,829 
MXN/QALY 


Mexican 
pesos6/QAL
Y 


Mexico 
Threshold 
stated at 
132465 
MXN/QALY 


1 dose cost 
saving, 2 doses 
cost effective vs 
no vaccination 


 
6 In 2012, 1000 Mexican Pesos = US$79; 132465MXN = US$10305 
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Dimitrova 
2014 


2 dose 
(initial) 


No 
vaccination 2 Not 


available  
Not 


available 


56.64 BGN 
($37) for 2 
doses 


The treatment 
costs of all 
registered 
patients with 
hepatitis A were 
higher than the 
costs that would 
have been paid 
for the 
vaccination of 
all one-year-old 
children (100%) 
in the same year. 
In these years, if 
vaccination had 
been carried out, 
the healthcare 
system would 
have saved from 
1.5 to 2.2 
million BGN 
(US$1 - 
$1.46m) from 
hospitalizations 
and additional 
pharmacotherap
y costs. 


Bulgarian 
leva (BGN)7 


Bulgaria 
US$7,395/capi
ta in 2012 


Cost benefit 
analysis the 
result shows 
that vaccination 
is cost-effective 
investment 
which is paid 
out in the years 
with 
epidemiologic 
outbreaks (ie > 
4600 
cases/year) 


 
7 In 2012 US$1 = 1.50 BGN. 
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Dhankhar 
2015 


Single or 
two dose 
regional vs 
universal 
vaccination 
in > 1yo 


No 
vaccination 


0 
vs 1 vs 
2 


100% for 
1 or 2 doses 


81% 
(sensitivity 
analysis 
examined 
other 
coverage 
levels) 


$15 - $30/dose 


Universal 
vaccination 
(compared to 
regional vaccine 
strategy) was 
cost saving in 
10y, 50y, 100y 
projections. 
Regional 
vaccine strategy 
was cost saving 
when herd 
immunity effect 
was included. 


USA (USD) 


USA threshold 
$100 
000/QALY 
 


Compared with 
the regional 
vaccination 
policy, universal 
routine hepatitis 
A vaccination 
was cost saving. 
In scenario 
analysis, 
universal 
vaccination 
ICER increased 
$21,223/QALY 
when herd 
protection was 
ignored 


Ghildayal 
2019 


2 doses 
(initial) 


No 
vaccination 2 94% 


77% 
(USA) 


90% 
(Rio) 


$60 (USA) 
$17 (Rio) 


USA $55,778 
per QALY 
Rio de Janeiro 
$8,194 per 
QALY  


USA 
(USD); Rio 
de Janeiro, 
Brazil 
(USD) 


USA threshold 
$100 
000/QALY 
Rio de Janeiro 
GDP/capita 
$16,308.39 


Analysis 
showed 
universal 
vaccination to 
be cost-effective 
as compared 
to no 
vaccination. In 
the USA it fell 
below the CE 
threshold, 
whereas in Rio 
it was around 
0.5xGDP or 
highly CE.  
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Hankin-
wei 2016 


2 doses 
(catchup) 


No 
vaccination 2 Not clear 


Catch up 
defined as 1 
– 17yo 
without a 
document 
history of 2 
doses of 
HAV 
vaccines 


$17 - $63 


Most cost 
effective in 12 
year olds, at 
$189,000 per 
QALY gained. 


USA/USD 


USA threshold 
$100 
000/QALY 
 


Given the low 
baseline of 
HAV disease 
incidence 
achieved by 
current 
vaccination 
recommendatio
ns, catch-up 
vaccination  
would become 
cost effective at 
a threshold of 
$50,000 per 
QALY only 
when incidence 
of HAV rises 
about 5.0 cases 
per 100,000 
population. 


Hayajneh 
2018 2 doses No 


vaccination 2 100% for 
1 and 2 dose 


95% for 
1 dose 


~90% 
for 2 doses 


US1.91/dose 


ICER is 
$75/QALY 
gained (with 
indirect costs) 
and $281/QALY 
gained with 
direct costs only 
Cost savings is 
achieved within 
6 years 
considering 
indirect costs 
and within 8 
years if indirect 
costs are 
excluded. 


Jordan/USD 
Jordan WTP 
threshold of 
$3600/QALY. 


The vaccination 
program 
covering 1 year 
old children 
became cost-
saving within 6 
years of its 
introduction and 
was 
highly cost-
effective during 
the first 5 years. 
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Sartori 
2012 2 doses No 


vaccination 2 94% 90%  BRL$16.89 
(US$7.23) 


Not presented as 
ICER, but total 
costs to the 
entire health 
system and 
society. 


N/A Brazil/BRL 


Vaccination 
against hepatitis 
A was a cost-
saving strategy 
in the 
low and 
intermediate 
endemicity 
regions and in 
Brazil as a 
whole from both 
health system 
and society 
perspective. 


Suwantik
a 2014 


Single or 2 
dose HAV 
program 
(initial) 


No 
vaccination 


1 
vs 2 


93% (1 
dose 


95% (2 
dose) 


 


80% $3.21/dose 


1 dose vs no 
intervention: 
US$ 4933 per 
QALY 
2 dose vs 1 
dose: US$ 14 
568 per QALY 
gained. 


$/QALYs Indonesia 
US$ 3557 


Cost effective. 
Single dose = 
<1/5xGDP/pers
on 
 2 dose not CE 
if single dose is 
feasible  
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5 Discussion of addition considerations 
 
There are specific areas of research, relevant to the long-term effectiveness and impact of HAV 
vaccines that were outside the above analysis, and are discussed here. 


5.1.1.1 Natural boosting 


Natural boosting occurs when immunized or exposed individuals are further exposed to HAV in the 
environment resulting in an immune boost, much like a booster dose of a vaccine. Several studies 
reported this effect in the context of single-dose regimens: 


● (Bhave et al., 2015) Reported on 98 children 1-12yo given single dose live attenuated HAV 
vaccine (Biovac-A) at 10 years follow up. Cohort GMT was higher (101) at year 10 than at 
year 6 (66). At year 15 it was later reported as 80.(Bhave et al., 2021) 


● (Bhave et al., 2021) Reported on 98 children 1-12yo given single dose live attenuated HAV 
vaccine (Biovac-A) at 15 years follow up. In 2010 (year 6), there were 25 children with anti-
HAV titres <20mIU/mL. They were not given any additional dose / doses of live/inactivated 
HAV vaccine. The serial anti-HAV GMTs of these 25 children as compared to all 98 with 
single dose of live HAV vaccine is shown in Fig. 3. In 2014 (year 10) and 2019 (year 15), 23 
of these 25 regained seroprotective levels. 


The effect was noted in long-term studies of 2 doses. For example (Lopez et al., 2015) reported that 
In a minority of subjects, anti-HAV concentrations increased by the 14–15-year time point [from the 
10year time point] as well as one shorter term study in an endemic region which saw an increase in 
GMC from years 2 -3 and attempted to control for this effect (3 years)(Luo et al., 2019). (Y. Wang et 
al., 2020) reported 97.5% and 99% seroprotection in both live attenuated and inactive arms at 5 
years(C. Yu et al., 2016) but universal seroprotection in both arms at 11yeras follow up.  
 


5.1.1.2 Vaccine boosting investigations to verify long-term anemnestic immunity 


While second dose schedules of HAV vaccination provide  an immune booster effect when given in 
a series, several studies demonstrated proof of long-term B and T cell immune memory through 
response to vaccine many years after initial single-dose immunization. 


● Chen et al., 2018.  single dose of the live attenuated HA vaccine showed good B cell and T 
cell immune memory and likely provides long-term protection. 


o 31/47 children 1-12yo received booster 17 years post live attenuated IMI single dose 
HAV vaccine, pre-booster 


o Pre-booster 29/47 (62%) had detectable antibody, with anti-HAV antibody GMC 64.8 
mIU/mL (positive group) vs 6.4 (negative group) 


o Post booster detectable antibody in 94% (29/31) who agreed to receive – GMC 
markedly higher at 1832 vs 633mIU/mL respectively) 


● Uruena et al., 2021. 
o In this study humoral and cellular immunogenicity were examined after an average of 


12 years of single-dose HAV vaccination, among 81 healthy children who have 
received the vaccine in their infanthood.  


o Study participants were classified according to their serological status of anti-HAV 
antibodies after having received the vaccine, as having either protective (PAL) or 
unprotected antibody levels (UAL) against HAV. Humoral memory response was 
assessed by measuring anti-HAV Ab titers at admission in both groups, and 30 days 
after a booster dose in the UAL group. 
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o 48/52 (92%) individuals from UAL group who completed follow up reached 
protective levels after booster dose. In the PAL group, 2/27 (7%) individuals waned 
HAV Abs lacking seroprotection, while in 25/27 (93%) Abs remained >10 mUI/mL. 


o In 47 participants (21 with PAL, 26 with UAL), flow citromerty of peripheral blood 
mononuclear cells stimulated with HAV antigen was carried out to examine both 
CD4+ and CD8+ cells response. 


o HAV-specific memory CD4+ and CD8+ T cell responses were identified  in 52.4% 
and 42.9% subjects with PAL, and in 53.8%and 26.9% individuals with UAL, 
demonstrating that cellular response remains over time regardless of antibodies 
waning.  
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SAGE SESSION 


COVID-19 Vaccines 


Purpose of session 


SAGE will be asked to issue interim recommendations on the use of COVID-19 Vaccine (Ad5-nCoV-S 


recombinant)  (Convidecia™) developed by CanSino Biologics Inc., Tianjin, China. 


Further, SAGE will be informed of the extent of infection- and vaccination-induced immunity globally 


and discuss the impact of such population level immunity on vaccine effectiveness.  


Background description 


The first part of the session will be for “recommendation”. SAGE will be presented data on Ad5-


nCoV-S recombinant COVID-19 vaccine developed by CanSino. A double-blind, randomised, placebo-


controlled phase 3, clinical trial in adults aged 18 years and older was conducted in Argentina, Chile, 


Mexico, Pakistan, and Russia. The study involved around 37 000 participants and took place from 


September 2020- January 2021. Vaccine efficacy (VE) against symptomatic disease was 58% (95% CI 


40–70%) and VE against severe disease was 92% (95% CI 36–99%). Issuance of interim 


recommendation is conditional upon receiving emergency use listing (EUL) by WHO Prequalification. 


The second part of the session will be “for information” and will focus on the topic of infection- and 


vaccination-induced (hybrid) immunity. Population-level immunity due to higher vaccine coverage 


rates and increasing natural infections are now far above 50% in most countries and settings. 


Understanding the role of hybrid immunity is important in the context of vaccine policies and 


strategies. New evidence on hybrid immunity, and the impact of high seroprevalence rates on 


vaccine effectiveness will be presented and discussed.  
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SAGE TYPHOID SESSION 


Purpose of session 


SAGE will be updated on new evidence from prequalified typhoid conjugate vaccines (TCVs) and 


late-stage vaccine candidates on vaccine efficacy and effectiveness, immunogenicity and safety; data 


from special populations (e.g., HIV-infected individuals); as well as data on tolerability and non-


interference in immune responses with routine EPI vaccines. The data available support the current 


TCV policy recommendation, and a revision is not being considered at this time. However, SAGE is 


being requested to make a statement in its report on the new evidence from prequalified TCVs 


(particularly on vaccine efficacy), to inform country decision making for ongoing TCV introductions. 


Background  


In October 2017, SAGE issued updated policy recommendations for use of typhoid vaccines in 


typhoid-endemic countries and the WHO Position Paper for typhoid vaccines was subsequently 


updated in March 2018. Specifically, this included the first recommendation for the use of TCV in 


children less than 2 years of age, followed by an open funding window from Gavi, the Vaccine 


Alliance. There are now two WHO prequalified TCVs, both licensed for use in infants and children 


from 6 months of age and in adults up to 45 years:  


• Typbar-TCVⓇ (Vi polysaccharide conjugated to tetanus toxoid carrier protein, Bharat


Biotech India Limited, Hyderabad, India, WHO PQ date December 2017), and


• TYPHIBEVⓇ (Vi polysaccharide conjugated to CRM197 carrier protein, Biological E.


Limited, Pune, India, WHO PQ date December 2020).


The 2017 SAGE evidence review was based primarily on immunogenicity data, supported by results 


of a human challenge trial in immunologically naive adult volunteers (18–60 years of age). There are 


now new data on Typbar-TCVⓇ from large-scale efficacy studies in Malawi, Nepal, Bangladesh, 


which show that a single dose of this vaccine is safe, immunogenic, and highly efficacious (81-85%) 


in preventing symptomatic typhoid fever in children 9 months to 15 years of age over a 18-24 month 


follow-up period. In addition, Typbar-TCVⓇ was shown to be 95% effective against blood culture 


confirmed Salmonella Typhi (S. Typhi) and 97% effective against extensively drug-resistant (XDR) S. 


Typhi in 6 month – 10 year olds in Hyderabad, Pakistan. Additional studies assessing longer-term (≥3 


years) effectiveness and potential herd effects of a single dose of Typbar-TCVⓇ are in planning or 


early execution stages in Ghana, Democratic Republic of Congo, and Fiji, and effectiveness studies 


using TYPHIBEVⓇ are being planned in India and Madagascar. Three countries (Pakistan, Liberia, 


Zimbabwe) have so far introduced Typbar-TCVⓇ into their national immunization programmes.  
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There is also a rich vaccine development pipeline, with four additional programmes having a 


candidate in Phase III clinical trials ongoing or completed – BioTCV (Vi polysaccharide conjugated 


to diphtheria toxoid carrier protein, PT Biofarma, Indonesia, WHO PQ  submission expected 2025), 


EuTYPH-C (VI polysaccharide conjugated to CRM197 carrier protein, EuBiologics, South Korea, PQ 


submission expected 2023), SKYTyphoid (Vi polysaccharide conjugated to diphtheria toxoid carrier 


protein, SK Bioscience, South Korea, PQ submission expected 2022), and ZYVAC TCV (Vi 


polysaccharide conjugated to tetanus toxoid carrier protein, Zydus Cadila, India, PQ submission 


expected 2022). There are additional manufacturers with TCVs in clinical development. The diversity 


of potential TCV manufacturers bodes well for future supply security. However, licensure and 


prequalification of these vaccines will be based on safety and immunogenicity data (non-inferiority 


compared to Typbar-TCVⓇ), and manufacturers do not have any current plans to conduct additional 


studies demonstrating efficacy or effectiveness of their candidate vaccines against clinical disease, 


which may have an impact on country product preferences.  


In addition to the evidence on vaccine performance, there is also new information on operational 


challenges and lessons learned about the optimal programmatic delivery of TCVs based on early 


introduction experiences. There are outstanding questions about duration of protection, the potential 


need for a booster dose, and how this varies by age of initial administration. While data are being 


generated to address these questions, they will likely need to be deferred to a future SAGE session 


when additional data will be available to be considered for policy updates. Key outstanding research 


questions for TCVs are expected to inform the timing of future SAGE policy discussions.  
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Abbreviations 


AMR  Antimicrobial resistance 


AST  Antimicrobial susceptibility testing 


CRT  Cluster-randomized trial 


ELISA  Enzyme-linked immunosorbent assay 


EPI  Expanded Programme on Immunization 


GMT  Geometric mean titer 


LMIC(s)  Low- and middle-income countries 


MDR  Multi-drug resistant (in the context of S. Typhi, resistant to traditional first-line 


antibiotics ampicillin, chloramphenicol, trimethoprim-sulfamethoxazole) 


RCT  Randomized controlled trial 


SEAP  Surveillance of Enteric Fever in Asia Project 


STRATAA Strategic Typhoid Alliance across Africa and Asia 


TCV  Typhoid conjugate vaccine 


Ty21a Orally administered typhoid vaccine based on live-attenuated Ty2 Salmonella Typhi 


strain  


TyVAC  Typhoid Vaccine Acceleration Consortium 


Vi-CRM197 Vi polysaccharide conjugated to CRM197 (genetically detoxified form of diphtheria 


toxin) carrier protein 


Vi-DT  Vi polysaccharide conjugated to diphtheria toxoid carrier protein 
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Vi-rEPA Vi polysaccharide antigen conjugated to the recombinant exoprotein A of 


Pseudomonas aeruginosa (carrier protein) 


Vi-TT  Vi polysaccharide conjugated to tetanus toxoid carrier protein 


WASH  Water Sanitation and Hygiene 


WGS  Whole genome sequencing 


XDR Extensively-drug resistant (in the context of S. Typhi, MDR as defined above and fully 


resistant to fluoroquinolones and third generation cephalosporins) 
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1. Executive Summary 


Purpose of session 


SAGE will be updated on new evidence from prequalified typhoid conjugate vaccines (TCVs) and 


late-stage vaccine candidates on vaccine efficacy and effectiveness, immunogenicity and safety; data 


from special populations (e.g., HIV-infected individuals); as well as data on tolerability and non-


interference in immune responses with routine EPI vaccines. The data available support the current 


TCV policy recommendation, and a revision is not being considered at this time. However, SAGE is 


being requested to make a statement in its report on the new evidence from prequalified TCVs 


(particularly on vaccine efficacy), to inform country decision making for ongoing TCV introductions. 


Background  


In October 2017, SAGE issued updated policy recommendations for use of typhoid vaccines in 


typhoid-endemic countries and the WHO Position Paper for typhoid vaccines was subsequently 


updated in March 2018.1 Specifically, this included the first recommendation for the use of TCV in 


children less than 2 years of age, followed by an open funding window from Gavi, the Vaccine 


Alliance.2 There are now two WHO prequalified TCVs, both licensed for use in infants and children 


from 6 months of age and in adults up to 45 years:  


• Typbar-TCVⓇ (Vi polysaccharide conjugated to tetanus toxoid carrier protein, Bharat Biotech 


India Limited, Hyderabad, India, WHO PQ date December 2017), and  


• TYPHIBEVⓇ (Vi polysaccharide conjugated to CRM197 carrier protein, Biological E. Limited, 


Pune, India, WHO PQ date December 2020).  


The 2017 SAGE evidence review was based primarily on immunogenicity data, supported by results 


of a human challenge trial in immunologically naive adult volunteers (18–60 years of age). There are 


now new data on Typbar-TCVⓇ from large-scale efficacy studies in Malawi,3 Nepal,4 Bangladesh,5 


which show that a single dose of this vaccine is safe, immunogenic, and highly efficacious (81-85%) 


in preventing symptomatic typhoid fever in children 9 months to 15 years of age over a 18-24 month 


follow-up period. In addition, Typbar-TCVⓇ was shown to be 95% effective against blood culture 


confirmed Salmonella Typhi (S. Typhi) and 97% effective against extensively drug-resistant (XDR) S. 


Typhi in 6 month – 10 year olds in Hyderabad, Pakistan.6 Additional studies assessing longer-term 


(≥3 years) effectiveness and potential herd effects of a single dose of Typbar-TCVⓇ are in planning or 


early execution stages in Ghana, Democratic Republic of Congo, and Fiji, and effectiveness studies 
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using TYPHIBEVⓇ are being planned in India and Madagascar. Three countries (Pakistan, Liberia, 


Zimbabwe) have so far introduced Typbar-TCVⓇ into their national immunization programmes.  


There is also a rich vaccine development pipeline, with four additional programmes having a 


candidate in Phase III clinical trials ongoing or completed – BioTCV (Vi polysaccharide conjugated to 


diphtheria toxoid carrier protein, PT Biofarma, Indonesia, WHO PQ  submission expected 2025), 


EuTYPH-C (VI polysaccharide conjugated to CRM197 carrier protein, EuBiologics, South Korea, PQ 


submission expected 2023), SKYTyphoid (Vi polysaccharide conjugated to diphtheria toxoid carrier 


protein, SK Bioscience, South Korea, PQ submission expected 2022), and ZYVAC TCV (Vi 


polysaccharide conjugated to tetanus toxoid carrier protein, Zydus Cadila, India, PQ submission 


expected 2022). There are additional manufacturers with TCVs in clinical development. The diversity 


of potential TCV manufacturers bodes well for future supply security. However, licensure and 


prequalification of these vaccines will be based on safety and immunogenicity data (non-inferiority 


compared to Typbar-TCVⓇ), and manufacturers do not have any current plans to conduct additional 


studies demonstrating efficacy or effectiveness of their candidate vaccines against clinical disease, 


which may have an impact on country product preferences.  


In addition to the evidence on vaccine performance, there is also new information on operational 


challenges and lessons learned about the optimal programmatic delivery of TCVs based on early 


introduction experiences. There are outstanding questions about duration of protection, the 


potential need for a booster dose, and how this varies by age of initial administration. While data are 


being generated to address these questions, they will likely need to be deferred to a future SAGE 


session when additional data will be available to be considered for policy updates. Key outstanding 


research questions for TCVs are expected to inform the timing of future SAGE policy discussions.  
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2. Background 


The summary below of background epidemiological and vaccine data reflects the evidence that was 


available to the World Health Organization (WHO) Strategic Advisory Group of Experts (SAGE) for the 


2017 typhoid vaccine policy recommendations.  


2.1 Epidemiological data 


Epidemiological data on the global incidence, age distribution, and geographic distribution of 


infections caused by Salmonella Typhi (S. Typhi) were presented to SAGE.3,7 Modelled estimates 


suggested that S. Typhi was responsible for between 11 and 21 million cases and 148,000-161,000 


deaths in 2015.9,10  


Age-distribution of typhoid fever cases (stratified by month of age) was estimated from primary 


surveillance data (published and unpublished) based on >10,000 blood culture-confirmed episodes 


of typhoid fever from 1998 to 2017 in Africa, Asia, and the Americas. Among these cases, 27% 


occurred in infants and children ages 0-4 years. Within this youngest age group, 29.7% of cases 


occurred in infants and children <2 years of age. These data suggested that vaccination against 


typhoid fever in children less than two years of age would have significant public health impact.7  


While consistently high burden of typhoid fever in South and South-East Asia had previously been 


described,11–13 new data suggested higher than previously thought incidence rates in parts of sub-


Saharan Africa.14 In addition, substantial typhoid fever incidence was demonstrated in rural sites in 


African and Asian settings, challenging the idea that typhoid fever was primarily a disease of urban 


slums. Increasingly frequent outbreaks of S. Typhi, particularly drug-resistant S. Typhi, in Africa and 


South-East Asia were described.15 Increasing prevalence of antimicrobial resistance (AMR), 


particularly the international proliferation and spread of the H58 haplotype,16 which is highly 


associated with multidrug resistance (MDR) and increasingly resistant to fluoroquinolones, and the 


emergence of extensively drug-resistant (XDR; MDR, fluoroquinolone-resistant, and third-generation 


cephalosporin-resistant) S. Typhi in Hyderabad, Pakistan16 were also discussed.  


2.2 Vaccines  


As at the previous SAGE evidence review for policy in October 2017, the most robust evidence for a 


licensed typhoid conjugate vaccine (TCV) was from immunogenicity data on Typbar-TCVⓇ (Vi 


polysaccharide conjugated to tetanus toxoid carrier protein, Bharat Biotech India Limited, 


Hyderabad, India) and efficacy estimates from a Controlled Human Infection Model (CHIM) study in 


immunologically naïve, healthy adult volunteers in Oxford, England. Vaccine efficacy of Typbar-TCVⓇ 
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in the CHIM  was estimated as 87.1% (95% CI 47.2, 96.9%) against a definition of typhoid fever (fever 


≥38˚C lasting for >12 hours followed by blood culture S. Typhi infection), and 54.6% (95% CI 26.8, 


71.8) efficacious against blood culture-confirmed S. Typhi infection, which was the primary endpoint 


of the study.17 Several additional TCVs were in early-stage clinical trials.18 


While no field efficacy data were available for Typbar-TCV® or other TCVs with active clinical 


development programmes, a large-scale Phase III efficacy study evaluating a previous TCV construct 


(Vi polysaccharide linked to the recombinant exoprotein A of Pseudomonas aeruginosa, or Vi-rEPA) 


developed by the US National Institutes of Health (NIH) was conducted in Vietnam in the early 


2000s. In this study, 1,091 Vietnamese children received two doses of Vi-rEPA vaccine, which 


provided 91.5% (95% CI 77.1, 96.6) protective efficacy over 27 months of follow-up (per protocol 


analysis). In addition, among 771 children who only received one dose of Vi-rEPA (intention to treat 


analysis), 87.7% efficacy was observed.19 75 children who received a single dose of Vi-rEPA still had 


anti-Vi IgG antibody levels above an assumed protective threshold eight years later,20 strengthening 


the assertion that conjugate vaccines could confer longer duration of protection than previously 


licensed polysaccharide vaccines (Vi-PS) or Ty21a vaccines. This vaccine was never commercialized. 


2.3 SAGE recommendation 


Following SAGE’s evidence review (including the geographic and age distribution of typhoid fever, 


the increasing threat posed by antimicrobial resistance, performance of Vi-PS and Ty21a vaccines as 


well as TCV, and cost-effectiveness of routine vaccination) and recommendations, WHO issued a 


revised global policy on typhoid vaccines in March 2018.1 WHO recommends the introduction of a 


single dose of TCV for infants and children 6 months of age and over in typhoid-endemic countries, 


noting that it is likely to be most feasible at existing vaccine visits at 9 months of age or in the second 


year of life. TCV is recommended as the preferred vaccine against typhoid fever at all ages in view of 


its improved immunological properties, suitability for use in younger children and expected longer 


duration of protection. The recommendation further notes that TCV should be prioritized for 


countries with the highest burden of disease or a high burden of antimicrobial resistant S. Typhi and 


indicates that, for maximal public health impact, catch-up vaccination in children up to 15 years of 


age should be conducted at the time of introduction routine immunization.  


2.4 Scope of April 2022 session 


SAGE will be updated on new data on the global burden of typhoid fever (including geographic and 


age-specific incidence and AMR). SAGE will also be updated on new evidence from prequalified TCVs 


and late-stage vaccine candidates on vaccine efficacy and effectiveness (including duration of 


protection), immunogenicity, and safety; data from special populations (e.g., HIV-infected 
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individuals); as well as data on tolerability and non-interference in immune responses with routine 


EPI vaccines. The data available support the current TCV policy recommendation, and a revision is 


not being considered at this time. However, a SAGE statement on the new evidence from 


prequalified TCVs (particularly on vaccine efficacy), will be valuable to inform country decision-


making for ongoing TCV introductions. 


3. New Data on Typhoid Disease Burden and Vaccines 


Understanding the true global incidence of typhoid fever has long been complicated by lack of 


sensitive diagnostics and poor global diagnostic availability. Blood culture is only 55% sensitive, 


depending on volume of blood sampled, and requires substantial resources, time, training, and 


reagents to execute, so blood culture surveillance has not been established in many parts of the 


world.21–23 As such, typhoid fever burden has likely been underestimated, particularly in infants and 


young children, from whom it is not feasible to draw adequate volumes of blood. Several additional 


studies (modelled and population-based surveillance studies) have augmented understanding of the 


age and geographic distribution of typhoid fever, but substantial regional and local data gaps 


remain. New approaches to surveillance, including environmental surveillance (with detection of S. 


Typhi in sewage and drinking water) and serological surveillance, once validated may provide less 


resource-intensive, more sustainable approaches for demonstrating community prevalence,.24–26   


Additional post-licensure TCV data have been generated, primarily through large-scale studies and 


public health programmes evaluating Typbar-TCV®, which received WHO prequalification in 


December 2017. These studies have shown that a single dose of this vaccine is safe, immunogenic, 


and efficacious (81-85%) in preventing symptomatic blood culture-confirmed typhoid fever in infants 


and children 9 months to 15 years of age over an 18–24-month follow-up period. Questions remain 


about longer-term duration of protection and the potential need for a booster dose. Additional 


safety and immunogenicity data have also been generated for TYPHIBEV®, which received WHO 


prequalification in December 2020. Further data have been generated for additional TCV candidates 


in clinical development. The pathway to regulatory approval for additional TCVs is through the 


demonstration of immunogenicity non-inferiority as compared to Typbar-TCV®.27   


3.1 Epidemiology 


Substantial additional epidemiological data have been generated and published since the last SAGE 


discussion in October 2017 from systematic reviews, modelling studies, and population-based blood 


culture surveillance studies. 
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3.1.1 Systematic reviews and modelled estimates 


A 2019 review conducted by Marchello et al provides an overview of 33 surveillance studies 


reporting estimated typhoid fever incidence rates between 1954 and 2018, stratified by method 


(population-based or those using so-called hybrid surveillance that uses one of several multipliers to 


account for under-ascertainment of cases at sentinel surveillance sites).28 High incidence rates were 


reported in Africa and Asia, but with considerable variation in rates over time (including in the same 


location over time) and geography, and key regional gaps were noted. Figures 1 and 2 show forest 


plots of incidence rates from population-based studies conducted in Asia and Africa, while Figure 3 


shows incidence rate estimates from multiplier studies from Africa (including from the pivotal 


Typhoid Surveillance in Africa Project (TSAP).13 


  


 


 


 


 


 


 


 


 


 


 


Figure 1.  Typhoid incidence estimates among population-based studies in Asia, 1954 -2018. Grey 


shading indicates 100-500 per 100,000 per year. CI = confidence interval.28 
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  Figure 2.  Typhoid incidence estimates among population-based studies in Africa, 1954 -2018. Grey 


shading indicates 100-500 per 100,000 per year. CI = confidence interval.28  


 


Figure 3. Typhoid incidence estimates among multiplier studies in Africa, 1954 – 2018 (from 


Marchello et al 2019). Grey shading indicates 100-500 per 100,000 per year. CI = confidence 


interval.28 
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The Institute for Health Metrics and Evaluation at the University of Washington and collaborators 


have generated updated modelled estimates of typhoid fever burden as part of the Global Burden of 


Disease Study 2019. Authors estimated that S. Typhi was responsible for 9.24 million (95% CI 5.94, 


14.13) cases, 8.05 million (95% CI 3.86, 13.93) Disability-Adjusted Life Years (DALYs), and 110,029 


(95% CI 52,810, 191,205) deaths in 2019.29  


In the previously published GBD 2017 study, authors estimated that South Asia had the highest 


estimated incidence rate, followed by South-East Asia, western sub-Saharan Africa, eastern sub-


Saharan Africa, and Oceania.30 Authors noted that while overall estimated numbers of cases and 


deaths were similar to previously published estimates,31–33 there were significant differences in 


regional estimates, particularly in Oceania and central sub-Saharan Africa, from which areas data are 


relatively scarce.  The highest incidence of disease was estimated to be in children 5-9 years of age, 


followed by 10–14-year-olds and 1–4-year-olds (see Figure 4).  


  


 


 


 


 


 


 


 


 


Figure 4. Typhoid fever incidence rates (per 100,000) by age, GBD 2017.30  


3.1.2 Population-based blood culture surveillance studies 


Multiple population-based blood culture studies have been completed during the period following 


the last SAGE discussion. Published data from two large multi-country studies, with several South 


Asian sites and one African site reported high overall incidence of typhoid fever, with significant 
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burden in children less than 4 years of age. This confirms what was described in previously published 


population-based surveillance studies in Asia and Africa.10,13  


Surveillance for Enteric Fever in Asia Project (SEAP) , 2016 – 2019   


Standardized prospective blood culture surveillance was conducted at five hospitals in pre-defined 


catchment areas in Dhaka, Bangladesh; Kathmandu and Kavrepalanchok, Nepal; and Karachi, 


Pakistan. 34 A hybrid surveillance model that combined facility-based blood culture surveillance with 


healthcare utilization surveys was used to estimate overall and age-specific adjusted incidence rates 


for S. Typhi and S. Paratyphi A. Age distribution of disease varied by site (see Appendix 1)34 but high 


crude and adjusted incidence rates were observed among young children at all sites, particularly in 


Bangladesh and Pakistan. Overall adjusted incidence rates of S. Typhi by site were:  


o Dhaka, Bangladesh: 1,110 cases per 100,000 per-years (p-y) (95% CI: 949, 1,305)   


o Kathmandu, Nepal: 330 cases per 100,000 p-y (95% CI: 232, 476)  


o Kavrepalanchok, Nepal: 271 cases per 100,000 p-y (95% CI:205, 365)  


o Karachi, Pakistan: 195 cases per 100,000 p-y at Aga Khan University Hospital (95% CI:163, 


236) and 126 cases per 100,000 p-y at Kharadar General Hospital (95% CI:106, 151).  


  


Strategic Typhoid Alliance Across Africa and Asia (STRATAA), 2016-2018 


A prospective multi-component passive febrile illness surveillance study was conducted in three 


densely populated urban sites in Bangladesh, Nepal, and Malawi (~100,000 each) that were pre-


defined by a demographic census. This also included serological surveillance and stool screening for 


chronic carriers. Overall and age-adjusted incidence rates were estimated for each site (see Table 


1).35   


Ongoing STRATAA surveillance was leveraged to support TCV efficacy studies led by the Typhoid 


Vaccine Acceleration Consortium (TyVAC). Blood culture-confirmed typhoid incidence rates from the 


control arms of these studies have been included in published efficacy analyses and are generally 


higher than the crude incidence reported in the passive surveillance studies at each respective 


location. (These are described later in this document).     
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Table 1. Incidence of blood culture-confirmed typhoid fever by site and age (from Meiring et al 2021) 


 


3.2 AMR 


The increasing prevalence of AMR has long posed a major threat to effective typhoid fever control, 


beginning with widespread chloramphenicol resistance in the early 1970s.36 By the late 1980s, 


multidrug resistance (MDR; resistance to first-line antimicrobials chloramphenicol, trimethoprim–


sulfamethoxazole, and ampicillin) had become common, which led to widespread use of 


fluoroquinolones as first-line therapy in typhoid fever treatment. Decreased fluoroquinolone 


susceptibility soon emerged and became common, particularly in South and South-East Asia. The 


rise of fluoroquinolone non-susceptibility led to broader use of azithromycin or third-generation 


cephalosporins in typhoid fever treatment. Reports of ceftriaxone treatment failure in 2016 in 


Hyderabad, Pakistan led to the discovery of an extensively drug-resistant (XDR; defined as MDR plus 


resistance to fluoroquinolones and third-generation cephalosporins) strain of S. Typhi (genotype 


4.3.1.1.P1), which subsequently spread throughout Pakistan.37,38 Azithromycin-resistant S. Typhi has 


now been reported in Bangladesh, Pakistan, Nepal, and India.39–42 There is an urgent need to track 


the emergence and spread of drug-resistant S. Typhi in order to inform empirical treatment 


guidelines and to inform decisions around use of preventative interventions like TCVs.  


3.2.1 Systematic reviews 


A 2019 systematic review provides an overview of antimicrobial susceptibility testing (AST) data 


from 1974 – 2018 from published literature.43 These data show increasing prevalence rates of AMR 


over time, beginning with resistance to traditional first line antimicrobials, followed by widespread 


fluoroquinolone non-susceptibility, particularly in South and Southeast Asia, and at lower prevalence 


levels in Africa (see Figure 5a and 5b). More recently, resistance to third-generation cephalosporins 


and azithromycin has also emerged in Asia (see Figure 5b below).43 This includes the XDR S. Typhi 


strain that emerged in Pakistan in late 2016. Phenotypic resistance to carbapenems has also been   
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Figure 5a. Antimicrobial resistant Salmonella Typhi isolates in Asia, 1972–201843  
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Figure 5b. Antimicrobial resistant Salmonella Typhi isolates in Africa, 1972–201843  
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reported from one study in Pakistan and one study in Indonesia,44,45 but these results have not been 


confirmed with additional testing.  


Murray and colleagues from the Global Research on Antimicrobial Resistance (GRAM) Project 


developed a model to estimate the effect of AMR on disease incidence, mortality, duration of stay, 


and healthcare costs for 88 pathogen-antimicrobial combinations in 204 countries and territories. 


The authors estimated that there were 4.95 million deaths (95% CI: 3.62, 6.57) associated with 


bacterial AMR, including 1.27 million deaths (95% CI: 911,000, 1,710,000) attributable to bacterial 


AMR in 2019.46 Of the 23 pathogens evaluated, S. Typhi was estimated to be the 11th highest in 


terms of global deaths attributable to and associated with bacterial AMR.  


3.2.2 Whole genome sequencing data  


Broader generation and analysis of whole genome sequencing (WGS) data has facilitated 


investigation of molecular mechanisms of resistance, the development of a phylogenetic 


classification scheme (GenoTyphi)47,48, and information about key international transmission events 


as well as de novo AMR emergence events. This includes identification of the emergence of H58 


(Haplotype 58) S. Typhi  in South Asia and its rapid intercontinental spread throughout Asia, to East 


and Southern Africa, Oceania, and Latin America,15,49–54 as well as describing the emergence and 


molecular mechanism of XDR S. Typhi in Pakistan.37 Phylogenetic analysis also facilitated the 


identification of a molecular mechanism for azithromycin resistance55, which was first observed 


among S. Typhi isolates in Bangladesh, and subsequently detected in Pakistan, Nepal, and 


India.40,42,56   


The Global Typhoid Genomics Consortium (https://www.typhoidgenomics.org) was established in 


2021 with a mandate to collaborate with the broader international typhoid research community to 


aggregate as much S. Typhi WGS data and standardized metadata as possible, and to facilitate the 


analysis and visualization of those data to inform public health policy. Analysis to be published soon 


will provide a contemporary view of global typhoid genome diversity and AMR frequency and 


distribution based on 12,951 isolates from 83 countries. These data demonstrate increasing overall 


prevalence of AMR, particularly fluoroquinolone non-susceptibility, with high prevalence of multiple 


AMR phenotypes in several South Asian countries.  
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4. New Vaccine Data 


4.1 Typbar-TCV® 


Typbar-TCV® has been evaluated in three large-scale post-licensure efficacy/effectiveness studies in 


Bangladesh, Malawi, and Nepal by the Typhoid Vaccine Acceleration Consortium (TyVAC), which is 


led by the Center for Vaccine Development and Global Health at the University of Maryland School 


of Medicine, the Oxford Vaccine Group at the University of Oxford, and PATH.3–5 TyVAC investigators 


also conducted an immunogenicity and co-administration study in infants and toddlers in Burkina 


Faso.57 The results of these studies are described in additional detail below. 


In addition to the TyVAC studies, Typbar-TCV® effectiveness has been evaluated in the context of 


public health programmes in Navi Mumbai, India;58 in Hyderabad59 and Karachi,60Pakistan; and in 


Harare, Zimbabwe (results not yet available). The results of these studies are summarized in Table 2 


and described in additional detail in the subsequent sections. 


Table 2. Protective efficacy/effectiveness of a single TCV dose (Typbar-TCVⓇ) against primary 


endpoint of blood culture confirmed typhoid fever 


Study, Design Age  


(# vaccinated) 


Control vaccine Follow up Vaccine efficacy or 


effectveness (95% CI) 


TyVAC TRIALS 


Nepal, 


Individually randomized4 


9 mths – 16 yrs 


(20,019) 


Group A 


meningitis 


24 months 79.1% (62.0, 88.5) 


Malawi, 


Individually randomized3  


9 mths – 12 yrs 


(28,130) 


Group A 


meningitis 


18-24 months 83.7% (68.1, 91.6) 


Bangladesh, 


Cluster randomized5 


9 mths – 16 yrs 


(67,395) 


SA-14-14-2 JE 24 months 85.0% (76, 91) 


ADDITIONAL STUDIES 


Navi Mumbai, India 


(routine immunization), 


Case-control61 


9 mths – 14 yrs 


(160,000) 


None 15 months 80.2% (53.2, 91.6) 


 Karachi, Pakistan 


(outbreak response 


campaign) 


Case control60 


6 mths – 15 yrs 


(87,993) 


None 4 months 72% (34, 88) 
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 Hyderabad, Pakistan 


(outbreak response 


campaign) 


Cohort study59 


6 mths – 10 yrs 


(207,000) 


None 18 months 95% (93, 96) 


 


 


4.1.1 Efficacy & effectiveness data – TyVAC studies 


One of the major bodies of work undertaken by TyVAC was to demonstrate the impact of TCVs in 


typhoid-endemic areas through two individually randomized, controlled efficacy studies conducted 


in Nepal and Malawi, and one controlled cluster-randomized effectiveness trial conducted in 


Bangladesh. High-level results are described below.  


Nepal 


A phase 3, double-blinded, individually randomized efficacy study was conducted in Lalitpur, Nepal, 


in which 20,019 children were randomized to receive either a single dose of TCV or MenA and were 


followed for two years. During that time, 62 cases of typhoid fever were recorded in the MenA 


group (incidence rate of 342 cases [95% CI 262, 438] per 100,000 person years), and 13 cases in the 


TCV group (incidence rate of 72 [95% CI 38, 132] cases per 100,000 person-years).4 The protective 


efficacy of TCV against blood culture-confirmed typhoid fever after two years was 79% (95% CI 61.9, 


88.5). A subgroup analysis showing age, sex, and time-dependent specific efficacy estimates is 


included below (Table 3). 


Table 3. Protective efficacy of TCV against blood culture-confirmed typhoid fever in Nepal4  
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Malawi 


A phase 3, double-blinded, individually randomized trial was conducted in Blantyre, Malawi, to 


assess the efficacy of TCV against blood culture confirmed typhoid fever. Children ages 9 months to 


12 years of age were randomized to receive either a single dose of Typbar-TCV® or meningococcal 


capsule group A conjugate (MenA) and followed for 24 months. The intention to treat analysis 


included 28,130 children, (14,069 received TCV, 14,061 received MenA)3. 12 cases of blood culture-


confirmed typhoid fever occurred among TCV recipients (46.9 cases/100,000 person-years) and 62 


cases occurred among MenA recipients (243.2 cases/100,000 person-years). The overall efficacy 


83.7% (95% CI 68.1, 91.6) in the per-protocol analysis.  Age-specific efficacy (<5 years or >5 years) 


was also estimated in both the intention-to-treat and per-protocol analysis groups (see Table 4).  


This study remains blinded through 4 years of follow-up, and additional efficacy data are anticipated 


in the 4th quarter 2022. 


Table 4. Blood culture-confirmed typhoid fever and vaccine efficacy in Malawi3  


 


Bangladesh 


In a double-blinded cluster randomized trial conducted in an urban, typhoid-endemic setting in 


Dhaka, Bangladesh, 150 geographically distinct population clusters were defined (each with ±1350 


residents) and randomly assigned to receive either TCV (Typbar-TCV®, Vi-TT) or SA 14-14-2 Japanese 


encephalitis (JE) vaccine.5 Children 9 months to <16 years of age received a single dose of parenteral 


vaccine (vaccine determined by cluster of residence) and were followed for an average of 17.1 
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months. 41,344 children were vaccinated April-May 2018, and an additional 20,412 children were 


vaccinated during catch-up campaigns September-December 2018 and April-May 2019. The 


incidence of typhoid fever was 635 cases per 100,000 person-years in JE recipients and 96 in TCV 


recipients. Thus, total protection (comparison of incidence of typhoid fever in TCV recipients to 


incidence of typhoid fever among JE vaccine recipients) was 85% (95% CI 67, 91); vaccine 


effectiveness varied by age of participant (see Table 5). Indirect vaccine protection was evaluated by 


comparing the incidence of typhoid fever among non-recipients of TCV in the TCV clusters to that of 


non-recipients of JE vaccine in the JE clusters. No significant indirect protection conferred by TCV 


was observed; however, the authors noted that the trial was not adequately powered to evaluate 


the assumed level (20%) of herd protection and noted that the boundaries of the predefined clusters 


were unlikely to represent boundaries of short-cycle transmission of typhoid given the densely 


populated nature of the study area, which may have diluted estimated herd protection. Overall 


protection was also assessed through the comparison of typhoid fever incidence among all residents 


of the TCV clusters to that of all residents of the JE clusters. Age-specific indirect, total, and overall 


protection estimates are listed in Table 5.   


Table 5. Incidence of blood culture-confirmed typhoid fever and protective effectiveness of TCV by 


age group in Bangladesh5 
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4.1.2 Immunogenicity data  


Long-term immunogenicity of Typbar-TCV (7 years post-primary vaccination in boosted vs non-


boosted participants)  


Mohan et al reported duration of immune responses 7 years after primary vaccination in children 


who received either a single dose of Typbar-TCV® or a single dose plus booster at day 720. Serum 


IgG anti-Vi titres were measured at 3, 5, and 7 years after primary vaccination using three different 


enzyme-linked immunosorbent assays (ELISAs).1 


Four subgroups were compared: 


1. among boosted participants, an “All Specimens Cohort” (ASC), which included 86 children 


who provided sera at each follow-up time point (days 0, 42, 720 [booster], 762 [42 days 


post-booster], 1095, 1825, and 2555);  


2. among non-boosted participants, an All Specimens Cohort, which included 25 children who 


provided sera at all follow-up points (days 0, 42, 720, 1095, 1825, 2555);  


3. a boosted “Any Available Specimen” (AAS) subgroup, which included children who received 


a booster and provided sera on days 0, 42, and 720, and one or more (but not all) of the 


other time points (days 762, 1095, 1825, or 2555); and  


4. an Any Available Specimen subgroup of 47 children who had not received a booster and 


who provided sera on days 0 and 42, 41 of whom also contributed sera at one or more 


additional timepoints (days 1095, 1825, 2555).  


 


GMTs as measured using the commercial Vacczyme ELISA kit increased significantly among boosted 


ASC children (n=86) at day 762, and were 32-fold, 14-fold, and 10-folder higher than baseline levels 


at 3, 5, and 7 years after primary vaccination.62 In unboosted ASC children (n=25), GMTs remained 


21-fold, 14-fold, and 10-fold over baseline at 3, 5, and 7 years following primary vaccination. Post 


primary vaccination, 72% and 44% of unboosted ASC participants showed persistent seroconversion 


as measured by Vacczyme™ at 5 and 7 years, as compared to 84% and 71% of boosted ASC 


participants. Results were also compared between ASC participants who received initial vaccination 


at 6-11 months of age vs 12-23 months of age (see Appendix 2 for details of GMT analysis). The 


authors suggested that primary immunization could be followed by a booster vaccination after five 


1 The three ELISA assays used were the Vacczyme™ ELISA kit, US NIH ELISA (“Szu” method), and the National 
Institute of Biological Standards (NIBSC) ELISA.  Persistent seroconversion (defined as serum anti-Vi IgG levels 
remaining ≥ 4-fold above baseline), geometric mean titer (GMT), geometric mean-fold rise post-vaccination, 
and percent exhibiting putative protective anti-Vi level (≥2 µgSzu/ml) using the Szu method and National 
Institutes of Health IgG reference standard were evaluated.  
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years to maintain protection against clinical infection. Authors also noted that there was evidence of 


“natural” boosting caused by exposure to S. Typhi, as both boosted and non-boosted children 


showed increased levels of anti-Vi IgG between days 720 and 1095. The authors point to reports and 


published literature that suggest that typhoid fever was highly prevalent during the time of the 


study.63,64  


Immunogenicity studies – TyVAC studies 


An immunogenicity and non-interference study was conducted in infants and young children in 


Burkina Faso.  Age-stratified immunogenicity sub-studies were embedded in the TyVAC trials in 


Nepal (n=1500), Malawi (n=600), and Bangladesh (n=1500). These studies are summarized in Table 


6. (Additional site-specific details are provided in Appendix 3).  
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Table 6. Immunogenicity and co-administration studies for Typbar-TCV conducted by TyVAC 


 


 


aVaxcZyme       b ≥ 4-fold rise from day 0 to 28 days after vaccination c Day 28 Median (Interquartile range, IQR)  
Abbreviations:  CI= confidence interval EU/ml= ELISA units per milliliter GMT=geometric mean titre 
Source: Typhoid Vaccine Acceleration Consortium 


Immunogenicity and co-administration studies for Typbar-TCV conducted by TyVAC 
 
 


Country 
 


Design 
Control 
vaccine 


Study 
period 


 
Ages 


TCV 
(Numbe


r) 


Control 


(Number) 


Co-admin- 


istered 


vaccines 


Postvaccination Vi GMT (EU/ml), 28 days 
(95% CI)a 


Rate of Seroconversion (%) 
(95% CI)b 


TCV or other test vaccine Control TCV  Control 


      
 


 Pre Post Pre Post 
 


Burkina 
Faso65 
 


Individually 
randomized 


Inactivated 
poliovirus 


Nov 2018-
Aug 2019 


9-11 mos 49 
 


51 MR, YF 
8.9 


(5.9-13.6) 
1204  


(747-1940) 


8.5 
(5.6-12.7) 


8.9 
(6.1-13.1) 


87.8 
(75.2-95.4) 


8.0 
(2.2-19.2) 


Burkina 
Faso66 
 


Individually 
randomized 


Inactivated 
poliovirus  


Nov 2018-
Aug 2019 


15-23 mos 99 
 


51 
MenAfriVac, 


MR
 


4.9 
(3.9-6.1) 


3231 
(2085-5078) 


4.8 
(3.8-6.2) 


5.3  
(4.1-6.9) 


94.8 
(84.4-99.1) 


3.9 
(0.5-13.5) 


Nepal4,c 
 


Individually 
randomized 


 
Meningococc
al serogroup 
A conjugate  


Nov 2017-
Mar 2020 


< 5 years 55 46 


- 


4.6 
(3.8-5.6) 


1469 
(1104-1955) 


4.6 
(3.8-5.5) 


4.3 
(3.8-4.9) 


98.2 0.0 


5-<10 yrs 225 116 4.9 
(4.5-5.4) 


2113 
(1890-2363) 


4.4 
(4.0-4.9) 


5.4 
(4.3-6.8) 


100.0 4.3 


≥ 10 yrs 403 218 10.6 
(9.4-12.1) 


2133 
(1947-2336) 


8.7 
(7.4-10.2) 


8.9 
(7.5-10.5) 


98.8 1.4 


Bangladesh
68c 
 


Cluster 
randomized 


Live-
attenuated JE 


Feb 2018-
Oct 2019 


9 mos - 
<16 yrs 


1010 
 


505 - 
3.7 


(3.7-3.7) 
3222  


(1757-5472) 


3.7 
(3.7-3.7) 


3.7 
(3.7-3.7) 


99.6 1.7 


Malawi67 
 


Individually 
randomized 


 
 


Meningococc
al serogroup 
A conjugate  


Feb 2018-
Apr 2021 


9-11 mos 106 
 


94 
MR 


3.9  
(3.7-4.1) 


2685 
(2165-3330) 


4.0 
(3.7-4.4) 


4.1  
(3.7-4.4) 


98.9 
(94.0-100.0) 


0.0 
(0.0-4.7) 


1-5 
 yrs 


99 
 


102 
- 


4.2 
(3.8-4.7) 


2089 
(1622-2691) 


4.4 
(3.9-4.9) 


4.6  
(3.9-5.5) 


97.7 
(91.9-99.7) 


1.1 
(0.0-6.0) 


6-12  
yrs 


 
100 


 
101 - 


4.5 
(4.0-5.0) 


 


2447  
(1914-3129) 


 


4.4 
(3.9-4.9) 


- 


4.4  
(4.0-4.9) 


- 


98.9 
(94.2-100.0) 


 


0.0 
(0.0-4.0) 
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4.1.3 Effectiveness data – other studies 


Navi Mumbai, India 


In 2018, the Navi Mumbai Municipal Corporation (NMMC), the local government body for Navi 


Mumbai, India, implemented the first phase of a public-sector pediatric typhoid conjugate vaccine 


(TCV) campaign with Typbar-TCV®. The original plan was to immunize all children 9 months – 14 


years of age within NMMC (population--±320,000) through two vaccination phases.68 Each 


campaign phase was planned to cover 11 of 22 target areas (based on the city’s 22 Urban Health 


Posts). Phase I was conducted July – August 2018. 


Vaccine effectiveness was estimated using a case control design November 2018-March 2020. Cases 


were defined as blood-culture confirmed typhoid fever among NMMC residents who were age-


eligible for vaccination and who sought treatment at one of the surveillance sites. 7 (16%) cases and 


92 (53%) controls reported having received TCV, yielding an adjusted odds ratio (relative odds of 


being vaccinated among confirmed typhoid fever cases vs being vaccinated among controls) of 0.198 


(95% CI: 0.084, 0.468; p=0.0002), which was equivalent to an effectiveness estimate of 80.2% (95% 


CI: 53.2%, 91.6%). 


Pakistan 


A matched case-control study was conducted to assess the effectiveness of a mass vaccination 


campaign using Typbar-TCV® in Lyari Town (Karachi), Pakistan.60 Surveillance was conducted at 


three hospitals from August to December 2019, and children aged 6 months to 15 years presenting 


to a study facility with blood culture-confirmed S. Typhi were counted as cases. For each case, at 


least one age-matched afebrile facility control and two age-matched afebrile community controls 


were enrolled. Of the 82 confirmed typhoid patients who were enrolled, 8 (9.8%) had received TCV. 


Of the 163 community controls and 82 facility controls, 23.2% and 32.9% had received TCV, 


respectively. The age and sex-adjusted vaccine effectiveness was 72% (95% CI: 34 – 88%), and the 


consumption of meals prepared outside of the household more than once a month was found to be 


associated with increased risk of culture-confirmed typhoid fever (adjusted odds ratio: 3.72, 95% CI: 


1.55 – 9.94, p=0.003).   


Following an outbreak of extensively drug-resistant (XDR) S. Typhi in Hyderabad, Pakistan, a reactive 


vaccination campaign using Typbar-TCV® was conducted from February – December 2018, covering 


207,000 children 6 months to 10 years of age.59 A household census was conducted at baseline in 


the Qasimabad and Latifabad subdistricts, covering 174,005 households. Active surveillance was 


established in hospitals, clinics, and laboratories. 24,407 children from the census registry and 
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surveillance system were included in the vaccine effectiveness analysis, 13,436 of whom were 


vaccinated. Outcomes of interest were suspected S. Typhi, blood-culture confirmed S. Typhi, and 


XDR S. Typhi. Within this cohort, vaccine effectiveness was 55% (95% CI: 52, 57) against suspected S. 


Typhi, 95% (93-96%) against blood culture confirmed S. Typhi, and 97% (95-98%) against XDR S. 


Typhi during the study period (February 2018 – December 2019).  


4.1.4 Safety data (prequalified TCVs) 


Extensive safety data has been generated as part of manufacturer-led pre-licensure clinical 


trials, TyVAC clinical trials, and as part of in India and Pakistan.69,70 These safety data 


include a wide age range, as well as special populations (HIV-exposed, HIV-infected, 


malnourished in TyVAC Malawi). Safety data from >100,000 participants from the TyVAC 


trials were presented to the Global Advisory Committee on Vaccine Safety (GACVS) in 


December 2018, along with safety data from early public-sector use of TCV in India (Navi 


Mumbai Municipal Corporation) and Pakistan.73 GACVS indicated that the “safety profile of 


the Typbar-TCV® vaccine is reassuring, and no signals of serious adverse events [AEs] were 


presented.”  In the TyVAC trials, solicited and systemic adverse reactions were reported with 


a similar frequency between TCV and control vaccine arms, and most events were of mild or 


moderate severity. Fever and pain were reported in 3-8% and 1-7% of vaccinees in each 


group, respectively, while other non-specific local and systemic reactions occurred in 0-3% 


of vaccinees in each group. In the mass immunization campaigns in Navi Mumbai and 


Hyderabad, Pakistan, low rates of mild-to-moderate local and systemic events were 


reported, with fever, pain, and swelling at site of injection being most commonly reported. 


The adverse event profile was determined to be similar to that of other routine injectable 


vaccines.   


4.2 TYPHIBEV®  


TYPHIBEVⓇ (Vi polysaccharide conjugated to CRM197 carrier protein [Vi-CRM197], Biological E. Limited, 


Pune, India) was licensed in India for use in infants, children, adolescents and adults aged ≥ 6 months 


to ≤ 45 years, and received WHO prequalification in December 2020. Three prelicensure studies 


were conducted:  
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1. a Phase I open-label, single arm study to assess the safety, reactogenicity and 


immunogenicity of a single dose of Vi-CRM197 conjugate vaccine in healthy 18-45 year olds 


(n=30) in India; 


2. a Phase II/III multicentre single-blind, randomized controlled study to assess the safety and 


immunogenicity of a single dose of Vi-CRM197 in healthy infants, children, and adults ages ≥ 


6 months to < 64 years (n=622) in comparison to Typbar-TCVⓇ;  


3. a multicentre single-arm Phase III study to evaluate the safety and tolerability of Vi-CRM197 


in healthy infants, children, and adults ages ≥ 6 months to < 45 years of age (n=1770). 


  


The vaccine was safe and well tolerated, with no related severe and/or serious adverse events 


reported in these three studies. A Phase IV safety study in healthy infants, children, and adults ages 


≥ 6 months to < 45 years with an embedded immunogenicity coadministration study with MR 


vaccine in infants 9-12 months of age (n=1252) is planned.  


In the Phase II/III study, immune responses at day 0 (pre-vaccination) and day 42 were assessed and 


compared. The seroconversion rates in the age groups ≥ 6 months to < 2 years,  ≥ 2 years to < 18 


years and ≥ 18 years to < 64 years were 99.22%, 100.0% and 97.62% using the short-term threshold 


value of ≥ 2.0 µg/mL and 96.90%, 95.12% and 94.05% using long-term threshold value of ≥ 4.3 


µg/mL  respectively. Overall, the proportion of subjects achieving ≥ 4-fold increase in anti-Vi IgG 


antibody concentrations between Day 0 and Day 42 was 96.95%.2  


An overview of the two WHO prequalified TCVs is presented in Table 7. 


  


2 Values in EU/ml have been requested from the manufacturer. 
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 Table 7. Overview of WHO Prequalified TCVs 
 


Typbar-TCV® (Vi-TT, Bharat Biotech India Ltd., India) TYPHIBEV® (Vi-CRM197, Biological E Ltd., India)  


Composition Salmonella Typhi Vi polysaccharide conjugated to tetanus toxoid Vi polysaccharide prepared from Citrobacter freundii sensu latoa conjugated to 
CRM 


Phase of Development WHO PQ 2017, post-licensure studies ongoing WHO PQ 2020, post-licensure studies being planned 


Indication/Target Ages ≥6 months- ≤45 years. ≥6 months-≤65 years DCGI approved, WHO filing pending ≥ 6 months to ≤ 45 years 


Safety Data >500,000 subjects (pre-licensure studies & post-marketing surveillance in India, 
TyVAC studies, Pakistan impact studies, Navi Mumbai)71,72,88–90 


3000+ subjects (licensure studies in India) 


Immunogenicity data 
(geographic 
representation, special 
populations, age range, 
duration of response) 


Ph III (India) 
• 6 mo – 45 yrs: 3-, 5- & 7-years post immunization62 
TyVAC (2-3 yrs post-vaccination follow-up underway) 
• Burkina n=250, 9-11 months & 15-23 months65,66 
• Malawi n=600, 9 months – 12 years, HIV-infected & malnourished69 
• Nepal n=1500, 9 months – 16 years4 
• Bangladesh n=1300, 9 months – 16 years68 


Ph II/III (India, n=622) 
• Immunogenicity non-inferiority compared to Typbar-TCV, participants ages 6 


months - <64 years (not published) 
• Immunogenicity data 3 years post primary immunization expected July 2022 
 


Efficacy and/or 
Effectiveness Data? 


Efficacy data (TyVAC)  
• Nepal - 79% (95%CI 61.9, 88.5) efficacy, 24 months follow-up4 
• Malawi - 83.7% (68.1, 91.6) efficacy, 24 months follow-up3 
• Bangladesh - 85% (67, 91) total protection, 18-24 months follow-up5 


Effectiveness 
• Hyderabad, Pakistan - 95% (93-96%) effective against S. Typhi, and 97% (95-


98%) against XDR S. Typhi, 18 months follow-up6 
• Lyari, Pakistan - 72% (34, 88) effective, 4 months follow-up60 
• Navi Mumbai– 80.2% (53.2, 91.6) effective, 15 months follow-up61 


Planned evaluations in effectiveness studies in Madagascar (TyCOMA) & India  
 


Coadministration/non-
interference data? 


• MCV & MMR in India @ 9 & 15 mo (DCGI approved, to be submitted to WHO, 
publication under review at IJID) 


• Yellow fever & measles-rubella (9 mo) & MCV-A (15 mo) in Burkina Faso 


• MR coadministration study planned to start March 2022 in India  
 


2 dose schedule tested? No, 1 dose only assessed in primary series No, 1 dose only assessed in primary series 


Booster dose schedules 
tested?  


Comparison of single dose vs booster after 2 yr in 6-23 mo cohort of PhIII 3-, 5- & 
7-years post primary immunization in India 62 


Evaluation of booster dose 3 years post primary immunization planned for 
extended Ph II/III study in India 


MCV – measles-containing vaccine. MMR – measles-mumps-rubella vaccine. MCV-A – meningococcal conjugate serogroup A vaccine.   
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4.3 Pipeline vaccines  


An overview of the status of the clinical development of additional TCV candidates is presented in 


Table 8. Four candidates are in Phase III clinical trials ongoing or completed: 


1. BioTCV (Vi polysaccharide conjugated to diphtheria toxoid carrier protein, PT Biofarma, 


Indonesia, WHO PQ submission expected 2025) 


2. EuTYPH-C (VI polysaccharide conjugated to CRM197 carrier protein, EuBiologics, South 


Korea, PQ submission expected 2023) 


3. SKYTyphoid (Vi polysaccharide conjugated to diphtheria toxoid carrier protein, SK 


Bioscience, South Korea, PQ submission expected 2022) 


4. ZYVAC TCV (Vi polysaccharide conjugated to tetanus toxoid carrier protein, Zydus Cadila, 


India, PQ submission expected 2022).  


 


Further details of these four late stage candidates are described in Appendix 4. There are 


additional manufacturers with TCVs in early clinical development. The diversity of potential TCV 


manufacturers bodes well for future supply security. However, licensure and prequalification of 


these vaccines will be based on safety and immunogenicity data (non-inferiority compared to 


Typbar-TCVⓇ), and manufacturers do not have any current plans to conduct additional studies 


demonstrating efficacy or effectiveness of their candidate vaccines against clinical disease, 


which may have an impact on country product preferences.  


 


4.4 Additional TCV studies (planned and ongoing) 


Several additional studies are planned or ongoing that will help address some key outstanding 


knowledge gaps. These include several studies being conducted as part of the Typhoid Conjugate 


Vaccine Introduction in Africa (THECA) Consortium (https://www.thecaproject.net), which is 


coordinated by the University of Cambridge (United Kingdom) and includes partners from Kwame 


Nkrumah University of Science and Technology (Ghana), University of Antananarivo (Madagascar), 


University of Ouagadougou (Burkina Faso), Institut National de Recherche Biomédicale (Democratic 


Republic of Congo), International Vaccine Institute (Republic of Korea), Foundation Mérieux 


(France), Institute of Tropical Medicine Antwerp (Belgium), International Center for Diarrhoeal 


Disease Research, Bangladesh, and the Center for Vaccine Development and Global Health at the 


University of Maryland School of Medicine (USA). These and additional studies are described at a 


high level in Table 9. 


5.1_Typhoid


SAGE meeting April 2022 28



https://www.thecaproject.net/





Table 8. Summary table of clinical data for pipeline typhoid conjugate vaccines.  
All information shared by manufacturers with WHO unless otherwise indicated.  


 
Bio-TCV (Vi-DT, PT Bio Farma, 


Indonesia) 
SKYTyphoid (Vi-DT, SK Bioscience, 


Korea) 
ZYVAC TCV (Vi-TT, Zydus Cadila, India) EuTYPH-C (Vi-CRM197, EuBiologics, Korea) 


Phase of Development Phase III study completed (Indonesia) Two parallel phase III studies completed 
(Philippines & Nepal) 


Phase III, Phase IV, & active Post-
Marketing Surveillance ongoing (India) 


Phase II/III study completed (Philippines), 
Phase III starting (Kenya & Senegal) 


Manufacturer’s target WHO 
PQ date 


2025 2023  2023 (submission planned Sept 2022) 2023 


Indication/ Target Ages ≥ 6 months to ≤ 60 years  ≥ 6 months  ≥ 6 months to ≤ 45 years. Extended 
age indication (to 65 years) to be 
sought.   


≥6 months to ≤45 years 


Safety Data 3000+ subjects 3000+ subjects <3000 subjects, but PMS study 
(n=3000) fully enrolled  


<3000 subjects 


Immunogenicity data 
(geographic representation, 
special populations, age 
range, duration of response) 


Phase I (Indonesia) 
• n=30, 18-45 years, 6 month follow-up72 


Ph II (Indonesia) 
• n=600, 6 months – 40 years73,74  


• Long-term follow-up (5 years) of 
subjects aged 6-23 months at initial 
vaccination ongoing 


Phase III (Indonesia) 
• Non-inferiority to Typbar-TCV, n=3071, 


6 months – 60 years (completed) 


Phase I (Philippines) 
• n=144, 2-45 years75 
Phase II (Philippines) 


• n=285, 6-23 months76,77 
• 27.5 month follow-up published,78 


longer-term (5 years) follow-up 
ongoing 


Ph III (Philippines) 
• n=1800, 6 months- 45 years 


Phase III (Nepal) 
• Non-inferiority vs Typbar-TCV, 


n=1800, 6 months–45 years79 


Phase I (India) 
• n= 24,  18-45 years  
Phase II/III (India) 


• Non-inferiority to Typbar-TCV, n=240 
6 mo -45 years80  
• 3 years post vx data submitted & 


manuscript under review  
Phase III (India) 


• Immunogenicity non-inferiority to 
Typbar-TCV, n = 238, 45-65 years 
(completed) 


Phase I (Philippines)  
• Non-inferiority to Typbar-TCV & Vi-PS, 


n=75, 18 -45 years81 
Phase II/III (Philippines) 
• Non-inferiority to Typbar-TCV, n=444, 6 


months – 45 years (completed) 
Phase III (Kenya & Senegal)  
Immunogenicity non-inferiority to Typbar-
TCV, 6 months – 45 years, n= 3255 


Coadmin non-interference 
data w/ routine vaccines? 


• Measles-rubella included in Ph III study 
 


• Coadministration with measles-rubella 
& measles-mumps-rubella included in 
Ph III in Nepal (complete) 


• Coadministration study with 
measles-rubella vaccine (n=900) in 
infants (9-10 months) started March 
2022 


• Coadministration with measles-rubella & 
yellow fever will be assessed in Ph III 
(Kenya & Senegal) 


2 dose schedule tested? 2 dose schedule (4 weeks apart) 
assessed in Ph I 


2 dose schedule (4 weeks apart) was 
assessed in Ph I & II 


No, 1 dose only in primary series No, 1 dose only in primary series 


Booster dose schedules 
tested?  


Booster 3 years ±6 months post primary 
immunization tested in extended Ph II 
study.  


Boosters 6 months and 2 years post 
primary immunization compared in 
extended Ph II study (out to 5 years 
post primary immunization) 


Booster 3 years post primary 
immunization tested in extended Ph 
II/III subset (manuscript under review)  


No 


5.1_Typhoid


SAGE meeting April 2022 29







Table 9. Planned/Ongoing TCV Studies 


Study Acronym Site(s) Vaccine 
Used 


Study Design Key research 
questions to be 
addressed 


Data 
Expected 


TyVEGHA 
(THECA) 


Agogo, 
Ghana 


Typbar-
TCV® 


Cluster-
randomized trial 


3 years of 
effectiveness of 
Typbar-TCV in West 
African setting, 
potential indirect 
protection 


Q3 2024 


TyVECO 
(THECA) 


Kisantu, DRC Typbar-
TCV® 


Mass vaccination 
followed by 
effectiveness 
(case control) 


3 years of 
effectiveness 
(expected Feb 2025) 
of Typbar-TCV in 
Central African setting 


Q1 2025 


MITIMA 
(TyVAC) 


Blantyre, 
Malawi 


Typbar-
TCV® 


 Post-introduction 
impact in vaccinated 
and unvaccinated 
populations 


Study not yet 
started 


TyCOMA 
(THECA) 


Madagascar TYPHIBEV® Mass vaccination 
followed by 
effectiveness 
(case control) 


2 years effectiveness 
data TYPHIBEV, 
feasibility of joint 
campaign with COVID-
19 vaccination 


Q2 2024 
(study start 
expected Q2 
2022) 


TyFIVE –  
Fiji Intervention 
and Elimination 
Program 
International 
Vaccine 
Institute, 
University of 
Melbourne, Fiji 
Ministry of 
Health 


Fiji Typbar-
TCV® 


Under discussion 3 years of 
effectiveness data for 
Typbar-TCV in all ages 
> 9 months, link to 
environmental 
surveillance 


Q3 2026 (1 
year baseline 
surveillance 
starts Q3 
2022, 
vaccination 
starts Q3 
2023) 


Vellore Typhoid 
Vaccine Impact 
Study  
(Christian 
Medical 
College, Vellore, 
India) 


Vellore, India TYPHIBEV® Cluster-
randomized trial, 
test-negative 
design 


2 years effectiveness 
data for TYPHIBEV, 
potential indirect 
protection, extended 
age group, 
coordination with 
environmental 
surveillance 


Q4 2024 
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5. Early TCV Introduction Experiences 


TCV introduction to routine childhood immunization programmes has been implemented in a small 


number of countries to date. The first public sector TCV introduction globally took place at a 


subnational level in India in the Navi Mumbai Municipal Corporation and included an effectiveness 


and safety evaluation (as described in section 6.1). Gavi-funded programmatic introductions have 


taken place in Pakistan, Liberia, and Zimbabwe. The first and only non-Gavi country to have 


introduced TCV is Samoa. Key details of these introduction activities are described in Table 10 while 


best practices and lessons learned from early TCV introductions are summarized in Table 11. 


Table 10: Key information on TCV introductions into routine immunization programmes 


(implemented or planned) 


Country Introduction 
strategy 


Campaign and 
routine 
introduction* 
date(s) 


Campaign target 
population 
(children 9 
months to <15 
years) 


Post-campaign 
coverage 
achieved** 


Age of 
vaccination 
in EPI 
schedule 


India, Navi 
Mumbai 
Municipal 
Corporation 


Phased Phase 1: July-Aug 
2018 in 11 out of 
22 Urban Public 
Health Center 
(UPHC) areas. 


160,000 Phase 1: 70.9% 
(range from 46% 
in high-income 
to 92% in low-
income areas) 


Routine 
Immunizatio
n has not 
begun 


Phase 2:  
Delayed due to 
COVID pandemic 


  


Pakistan Phased Phase 1: Sindh Nov 
2019 


Phase 1: 
10,013,569 


Phase 1:  82% 9 months 


Phase 2:  
A) Punjab & 
Islamabad, Feb 
2021 
B) Broader Punjab, 
June 2021 


Phase 2a: 
12,383,108  
Phase 2b:  
6,609,204  
 
Total Phase 1 & 
2:  29,005,881  


Phase 2a:  88% 
Phase 2b:  95% 


Phase 3: Planned 
Sept-Oct 2022 


  


Liberia Nationwide April 2021 1,900,000 63% 9 months 


Zimbabwe Nationwide (with 
Integrated 
TCV/IPV/HPV and 
vit A 
supplementation 
campaign) 


May 2021 5,861,235 77.5% based on 
administrative 
data 
Representative 
coverage survey 
not yet 
conducted. 


9 months 
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Samoa Phased Phase 1:  
Aug-Sept 2021 
Upolu, Apia Urban 
Area, school-aged 
children (5-19 
years)  


26,358 84% 12 months  
 
Routine 
immunizatio
n is ongoing 
in Apia Urban 
Area, Upolo Phase 2: Delayed 


due to COVID 
pandemic, 
Nationwide 
campaign (age 1-45 
years)  


  


Nepal 
(planned 
2022) 


Phased Gavi-approved 
Phase 1: Province 
1, 2, and 5 


4,607,503 NA 15 months 


Phase 2: Province 
3, 4, 6, and 7 


3,872,137 
 
Total, Phase 1 & 
2: 8,479,640 


NA 


Malawi 
(planned 
2022)  


Nationwide Gavi-approved 9,066,990 NA 9 months 


* Unless otherwise specified, routine immunization in the Expanded Programme of Immunization 
immediately followed (or is planned to follow) the campaign 
** Based on a post-campaign coverage survey 


 


5.1 Navi Mumbai, India 


The Navi Mumbai Municipal Corporation (NMMC) area represents a total population of 1.12 million 


of which the TCV introduction targeted 14.2%. The planning and implementation of the TCV 


campaign were led by NMMC with support from multiple partners. The Phase 1 campaign took place 


successfully in 2018 over a six-week period on weekends and public holidays to avoid disruption of 


routine immunization. Catch-up was offered on weekdays at public health centers. Coverage was 


highest in slums and low income areas.58 The major challenge with this introduction was the delay in 


subsequent phases beyond the Phase 1 campaign. Though initially planned, routine immunization 


did not follow the Phase 1 campaign due to delays and administrative hurdles making vaccine 


procurement difficult within the NMMC. Phase 2, planned to take place in 2020, has been delayed 


due to the COVID-19 pandemic.  


5.2 Pakistan  


Pakistan has implemented the first and second phases of TCV introduction with campaigns targeting 


more than 29 million children in Sindh (Phase 1) and in Islamabad and Punjab (Phase 2) combined. 
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Through routine immunization in the EPI, roughly 7 million children are eligible for TCV each year. 


Phase 1 and 2 have rolled out as planned but with delays in the latter due to the COVID-19 


pandemic. Assessment of the impact of the Pakistan TCV introduction is ongoing. In terms of 


antimicrobial resistance, review of routine typhoid surveillance data in Sindh shows a 71% decrease 


of the XDR attack rate in 2021 compared to that of 2019.82 The third phase of vaccination has been 


delayed but implementation is planned for Q4 of 2022.  


5.3 Liberia 


After multiple delays due to the COVID-19 pandemic, TCV was introduced in Liberia during a national 


campaign in April 2021. Since the campaign, TCV has been given as part of routine immunization, co-


administered at 9 months of age with dose 1 of measles-containing vaccine, and yellow fever 


vaccine. The post-campaign coverage survey showed low coverage at 63% without significant 


variation in coverage by age. The most common reasons for non-vaccination were lack of awareness 


of the campaign (43.6%) and not being present when vaccinators passed through the village (37.4%). 


Concerns about rumors of TCV being harmful were noted by 5.4% of respondents.  


5.4 Zimbabwe 


Zimbabwe conducted a nationwide TCV campaign in May 2021, which was unique in the early 


introduction because the campaign was integrated to include TCV, IPV, HPV as well as vitamin A 


supplementation. During the campaign, a qualitative evaluation including key-informant interviews 


was conducted to document priority learnings from the integrated introduction process.  


5.5 Samoa  


Samoa is a small island nation in the Polynesian region of the South Pacific Ocean. The typhoid 


disease burden and epidemiology have been very well-defined in terms of subnational and age 


stratification. The highest incidence age group for typhoid fever in Samoa is school-aged children (5-


19 years old), followed by adults 20-45 years of age. The two census regions with the highest 


incidence and burden are Northwest Upolu and the Apia Urban Area (the capital town and environs, 


on the North central coast of the island of Upolu).  The Samoa Typhoid Fever Control Program and 


the Samoa EPI designed a phased vaccination strategy targeting the populations at greatest risk with 


mass campaigns.  School-aged children in the Apia Urban Area were vaccinated first in August-


September 2021. The second phase of vaccination will target a very broad age range including 


children and adults 1 to 45 years of age.  


Routine vaccination of 12-month-old children in conjunction with measles-containing vaccine has 


been ongoing. Based on routine surveillance, as of March 2022, no case of typhoid fever in a 
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vaccinated school-aged child has been reported in the Apia Urban Area since the campaign took 


place. The continuing rollout of TCV to adults 1 to 45 years nationwide has been delayed three times 


because of arrival of COVID-19 vaccine shipments and diversion of immunization resources 


(personnel, vehicles, tablets for data collection) toward COVID-19 vaccination activities.   


Table 11:  Key best practices and lessons learned from early TCV introductions* 


BEST PRACTICES & SUCCESSES 


Coordination • Strong government political commitment  


• Strong coordination among stakeholders with a high level of political 
and financial commitment at all levels.  


• Strong national and global partner support for evidence generation to 
gain learnings from the roll-out  


Capacity-building 


among immunization 


staff 


• Training on strategies for conducting a wide-age injectable campaign 


• Additional AEFI trainings and AEFI surveillance strengthening 


Private sector 


engagement 


• Private pediatricians and general practitioners as key influencers 


• Private practitioners involved in AEFI committees  


Integration • Integrated with planned vaccination sessions at schools 


• Leveraged other EPI and public health interventions: co-
administration initiatives, mop-up vaccination sessions, national 
immunization weeks 


School-age 


vaccination as part of 


wide age-range 


campaign  


• Early/strong coordination with the Department of Education  


• Early engagement/orientation/advocacy with schools, school health 
coordinators and parents  


• School-based vaccination prioritized in the first week of vaccination 


• Vaccination of students according to their class level  


• Leveraged EPI experience with delivery of other vaccines in the school-
age group (e.g., human papillomavirus vaccine) 


Microplanning, 


reporting, monitoring 


• Capitalized on prior measles-rubella vaccination campaign experience 
for microplanning and readiness assessment (e.g., WHO tool adapted 
from measles campaigns) 


• Intensified real-time administrative data reporting and monitoring 
through use of mobile technologies 


Advocacy, 


communication, and 


social mobilization  


• Strengthened awareness in communities in advance of TCV campaigns; 
strong media involvement instrumental 


• Used effective social mobilization: strategies may be informed by key 
input from focus group discussions with pediatricians, parents and 
health workers 


• Strong health worker interpersonal skills 


CHALLENGES & LESSONS LEARNED 


Competing priorities 


related to the COVID-


• Delays due to COVID-19 priorities 


• Introduction of COVID-19 vaccines heightened vaccine misinformation 
and confusion; community members raised concerns that their 
children would be administered a COVID-19 vaccine disguised as TCV 
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19 pandemic and 


COVID-19 vaccination 


• Changing campaign dates may have reduced awareness and caused 
confusion 


Resource limitations 


 


• Insufficient human resources for large campaigns, especially skilled 
vaccinators 


• Lack of supplies including vaccination cards specific to TCV  


• Nonpayment of vaccinators for previous campaigns  


School-based 


vaccination 


 


• School closures disrupted microplans 


• School reluctance to vaccinate students without written parental 
consent 


• Crowd control and maintenance of physical distance at schools and 
other busy vaccination sites  


• Out-of-school children were difficult to target in microplanning 


• Need for increased engagement of both public and private schools, 
including training and communication materials to ensure consistent 
messaging 


Lack of acceptance 


and hesitancy 


• Vaccination refusals and misinformation circulating on social media; 
need for more robust AEFI and vaccine safety messaging 


• Myths and misconceptions about the vaccines being administered 
(campaign vaccines were assumed to be COVID-19 vaccines) 


• Insufficient distribution of education, and communication materials and 
inadequate training of county-level advocacy, communication, and 
social mobilization focal points.  


• Vaccine hesitancy among school-aged children manifested as absence 
from school during the dates of the campaign 


*Findings as reported by one or more countries after TCV introduction. Bolded items were reported 
by multiple countries. 


5.6 Global drivers and challenges for TCV introduction 


Drivers for country TCV introduction include the availability of Gavi funding since 2017 and 


increasing evidence on typhoid disease and economic burden, impact and cost effectiveness of 


vaccination as a control strategy, AMR and potential impact of TCVs.  In general, countries with 


reliable evidence of lab-confirmed typhoid appear to be earlier adopters of TCV (e.g., Pakistan, 


Zimbabwe, Nepal, Malawi). As awareness of the public health problem increases, so does political 


commitment to typhoid fever (and enteric fever) control in endemic countries.  


A sufficient supply-demand balance for TCV is expected based on the WHO Market Information for 


Access to Vaccines (MI4A) global study on typhoid vaccines, assuming all anticipated manufacturers 


enter the market.83 There is a potential risk of oversupply in the long-term once all countries have 


conducted their multi-age campaigns. However, a significant level of uncertainty exists in how 


demand will materialize and at what levels. 


Despite the existing drivers for introduction as adequate supply, the evolution of TCV use has been 


slower than expected for Gavi countries, and even slower for non-Gavi countries. COVID-19 
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competing priorities and disruptions to immunization programmes (TCV and other) have led to 


postponements in all of the early introducing countries as described above. COVID-19 vaccination 


competing priorities have generally led to postponement of new vaccine introduction decision-


making in many countries and regions.  


Another issue that may hinder countries considering a decision to introduce TCV is related to 


product selection; countries may be more hesitant to introduce with the newest product(s) with 


fewer efficacy/effectiveness, safety and impact data. This concern is common to all new vaccines as 


newer products become available. Programmatic challenges for TCV routine introduction include 


considerations for integration and potential co-administration with other new vaccines - MR, IPV, 


MenA, COVID-19 and malaria vaccines. The EPI vaccination schedule is increasingly crowded, and 


there is a need for additional data on TCV co-administration with other routine vaccines 


Lastly, countries may struggle with limited ability to articulate the value proposition of TCV 


introduction to NITAGs due to challenges with burden assessment. The Burden and Risk Assessment 


of Typhoid (BRAT) framework and tool, developed by WHO and US CDC and currently in pilot phase, 


has the potential to assist typhoid endemic countries to conduct a standardized retrospective 


assessment of existing data to inform decision-making on TCV use.  


6. Outstanding Questions and Data Needs 


6.1 TCV performance and optimal dosing schedule 


A single dose of Typbar-TCV® has been shown to be highly and consistently efficacious and effective 


in diverse settings (Malawi, Nepal, Bangladesh, Pakistan), including in children younger than 2 years 


of age, over an 18-24 month period. TCVs are safe & immunogenic in children as young as 9 months 


of age across a variety of settings. Immunogenicity results are comparable across settings where 


Typbar-TCV® efficacy has been demonstrated, and non-interference with multiple EPI vaccines 


across multiple settings has also been demonstrated. 


Data are expected on duration of immune responses for multiple TCV products/candidates, but this 


is not the same as duration of protection, as a protective immunological threshold has not yet been 


established. Four years of duration of protection data are expected from the TyVAC trial in Malawi 


and eventually the THECA trials. Work is ongoing to identify a correlate of protection.84   


Additional data on duration of protection and how it varies by age of initial administration are 


critical to assess need for and optimal timing of booster doses of TCV. Longer-term immunogenicity 


data for single dose and 2-dose primary vaccination as compared to primary + booster doses (on 
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various intervals) are being generated for several TCVs but understanding duration of protection and 


need for booster dose will require longer-term efficacy/effectiveness evaluations, potentially 


comparing different booster dosing schedules. In addition, such data may be crucial to generating 


country demand, particularly for newer TCVs. 


6.2 Operational research questions  


Evaluation of different campaign strategies such as combined campaigns with TCV and other 


vaccines and/or targeting different target age ranges could be useful. The current recommendation 


for catch-up campaigns targeting children 9 months to 15 years of age was informed in part by cost-


effectiveness analyses. It could be more cost-effective to immunize a broader age group in some 


settings, depending on local epidemiology. 


7. Acknowledgements  


The WHO Secretariat gratefully acknowledges contributions of the following towards this 


background paper: Ms Megan Carey as the lead in drafting the document; Drs. Robert Breiman, John 


Crump and Kathleen Neuzil (University of Maryland, TyVAC) for their invaluable review and help in 


consolidating the final draft; several representatives of national immunization programmes and 


implementing partners who provided insights on the early TCV introduction experiences; and to TCV 


manufacturers (Bharat Biotech India Ltd., Biological E Ltd., PT Bio Farma, SK Bioscience, Zydus Cadila, 


EuBiologics) for openness in providing data on prequalified TCVs and pipeline vaccine candidates. 


 


8. References 
 


1.  World Health Organization. Typhoid vaccines: WHO position paper – March 2018. Weekly 


epidemiological record. 2018;13(93):153-172. 
2.  Gavi the Vaccine Alliance. New typhoid vaccine to receive Gavi support. Published 2018. 


https://www.gavi.org/library/news/statements/2018/new-typhoid-vaccine-to-receive-gavi-
support/ 


3.  Patel PD, Patel P, Liang Y, et al. Safety and Efficacy of a Typhoid Conjugate Vaccine in 
Malawian Children. New England Journal of Medicine. 2021;385(12):1104-1115. 
doi:10.1056/nejmoa2035916 


4.  Shakya M, Voysey M, Theiss-Nyland K, et al. Efficacy of typhoid conjugate vaccine in Nepal: 
final results of a phase 3, randomised, controlled trial. The Lancet Global Health. 
2021;9(11):e1561-e1568. doi:10.1016/S2214-109X(21)00346-6 


5.  Qadri F, Khanam F, Liu X, et al. Protection by vaccination of children against typhoid fever 
with a Vi-tetanus toxoid conjugate vaccine in urban Bangladesh: a cluster-randomised trial. 
Lancet (London, England). 2021;398(10301):675-684. doi:10.1016/S0140-6736(21)01124-7 


6.  Yousafzai MT, Karim S, Qureshi S, et al. Effectiveness of typhoid conjugate vaccine against 
culture-confirmed Salmonella enterica serotype Typhi in an extensively drug-resistant 


5.1_Typhoid


SAGE meeting April 2022 37







outbreak setting of Hyderabad, Pakistan: a cohort study. The Lancet Global health. 
2021;9(8):e1154-e1162. doi:10.1016/S2214-109X(21)00255-2 


7.  SAGE Working Group on Typhoid Vaccines & the WHO Secretariat. Background Paper to 


SAGE on Typhoid Vaccine Policy Recommendations. 
8.  Antillón M, Warren JL, Crawford FW, et al. The burden of typhoid fever in low- and middle-


income countries: A meta-regression approach. PLoS Neglected Tropical Diseases. 
2017;11(2):1-21. doi:10.1371/journal.pntd.0005376 


9.  Wang H, Naghavi M, Allen C, et al. Global, regional, and national life expectancy, all-cause 
mortality, and cause-specific mortality for 249 causes of death, 1980–2015: a systematic 
analysis for the Global Burden of Disease Study 2015. The Lancet. 2016;388(10053):1459-
1544. doi:10.1016/S0140-6736(16)31012-1 


10.  Ochiai RL, Acosta CJ, Danovaro-Holliday MC, et al. A study of typhoid fever in five Asian 
countries: Disease burden and implications for controls. Bulletin of the World Health 


Organization. 2008;86(4):260-268. doi:10.2471/BLT.06.039818 
11.  John A. Crump, Stephen P. Luby and EDM. The global burden of typhoid fever. Bull World 


Health Organ. Bulletin of the World Health Organization. 2004;82(5):346-353. 
doi:10.1590/S0042-96862004000500008 


12.  Azmatullah A, Qamar FN, Thaver D, Zaidi AKM, Bhutta ZA. Systematic review of the global 
epidemiology, clinical and laboratory profile of enteric fever. Journal of Global Health. 
2015;5(2). doi:10.7189/jogh.05.020407 


13.  Marks F, von Kalckreuth V, Aaby P, et al. Incidence of invasive salmonella disease in sub-
Saharan Africa: a multicentre population-based surveillance study. The Lancet Global Health. 
2017;5(3):e310-e323. doi:10.1016/S2214-109X(17)30022-0 


14.  Appiah GD, Chung A, Bentsi-Enchill AD, et al. Typhoid outbreaks, 1989-2018: Implications 
for prevention and control. American Journal of Tropical Medicine and Hygiene. 
2020;102(6):1296-1305. doi:10.4269/ajtmh.19-0624 


15.  Wong VK, Baker S, Pickard DJ, et al. Phylogeographical analysis of the dominant multidrug-
resistant H58 clade of Salmonella Typhi identifies inter-and intracontinental transmission 
events. Nature Genetics. 2015;47(6):632-639. doi:10.1038/ng.3281 


16.  Yousafzai MT, Qamar FN, Shakoor S, et al. Ceftriaxone-resistant Salmonella Typhi Outbreak 
in Hyderabad City of Sindh, Pakistan: High Time for the Introduction of Typhoid Conjugate 
Vaccine. Clinical Infectious Diseases. 2019;68(MIC):S16-S21. doi:10.1093/cid/ciy877 


17.  Jin C, Gibani MM, Moore M, et al. Efficacy and immunogenicity of a Vi-tetanus toxoid 
conjugate vaccine in the prevention of typhoid fever using a controlled human infection model 
of Salmonella Typhi: a randomised controlled, phase 2b trial. Lancet (London, England). 
2017;390(10111):2472-2480. doi:10.1016/S0140-6736(17)32149-9 


18.  Khan MI, Franco-Paredes C, Sahastrabuddhe S, Ochiai RL, Mogasale V, Gessner BD. Barriers 
to typhoid fever vaccine access in endemic countries. Research and Reports in Tropical 


Medicine. 2017;Volume 8:37-44. doi:10.2147/rrtm.s97309 
19.  Lin FYC, Ho VA, Khiem HB, et al. The efficacy of a Salmonella Typhi Vi conjugate vaccine 


in two-to-five-year-old children. 2001;344(17):1263-1269. 
20.  Szu SC. Development of Vi conjugate - A new generation of typhoid vaccine. Expert Review 


of Vaccines. 2013;12(11):1273-1286. doi:10.1586/14760584.2013.845529 
21.  Crump JA, Sjölund-Karlsson M, Gordon MA, Parry CM. Epidemiology, clinical presentation, 


laboratory diagnosis, antimicrobial resistance, and antimicrobial management of invasive 
Salmonella infections. Clinical Microbiology Reviews. 2015;28(4):901-937. 
doi:10.1128/CMR.00002-15 


22.  Antillon M, Saad NJ, Baker S, Pollard AJ, Pitzer VE. The Relationship between Blood Sample 
Volume and Diagnostic Sensitivity of Blood Culture for Typhoid and Paratyphoid Fever: A 
Systematic Review and Meta-Analysis. Journal of Infectious Diseases. 2018;218(Suppl 
4):S255-S267. doi:10.1093/infdis/jiy471 


23.  Parry CM, Wijedoru L, Arjyal A, Baker S. The utility of diagnostic tests for enteric fever in 
endemic locations. Expert Review of Anti-Infective Therapy. 2011;9(6):711-725. 
doi:10.1586/eri.11.47 


5.1_Typhoid


SAGE meeting April 2022 38







24.  Hefele L, Black AP, Tan T van, et al. An age-stratified serosurvey against purified Salmonella 
enterica serovar Typhi antigens in the Lao People´s Democratic Republic. PLoS Neglected 


Tropical Diseases. 2021;15(12). doi:10.1371/journal.pntd.0010017 
25.  Aiemjoy K, Seidman JC, Saha S, et al. Estimating typhoid incidence from community-based 


serosurveys: A multicohort study in Bangladesh, Nepal, Pakistan and Ghana. medRxiv. 
Published online 2021. doi:10.1101/2021.10.20.21265277 


26.  Uzzell CB, Troman CM, Rigby J, et al. Environmental surveillance for Salmonella Typhi as a 
tool to estimate the incidence of typhoid fever in low-income populations. medRxiv. Published 
online 2021. doi:10.1101/2021.05.21.21257547 


27.  WHO Expert Committee on Biological Standardization. Annex 2 Recommendations to Assure 


the Quality, Safety and Efficacy of Typhoid Conjugate Vaccines Replacement of Annex 3 of 


WHO Technical Report Series, No. 987. 
28.  Marchello CS, Hong CY, Crump JA. Global typhoid fever incidence: A systematic review and 


meta-analysis. Clinical Infectious Diseases. 2019;68:S105-S116. doi:10.1093/cid/ciy1094 
29.  Institute for Health Metrics and Evaluation Global Health Data Exchange. GBD Results Tool. 
30.  Stanaway JD, Reiner RC, Blacker BF, et al. The global burden of typhoid and paratyphoid 


fevers: a systematic analysis for the Global Burden of Disease Study 2017. The Lancet 


Infectious Diseases. 2019;19(4):369-381. doi:10.1016/S1473-3099(18)30685-6 
31.  Antillón M, Warren JL, Crawford FW, et al. The burden of typhoid fever in low- and middle-


income countries: A meta-regression approach. Published online 2017. 
doi:10.1371/journal.pntd.0005376 


32.  Mogasale V, Maskery B, Ochiai RL, et al. Burden of typhoid fever in low-income and middle-
income countries: A systematic, literature-based update with risk-factor adjustment. The 


Lancet Global Health. 2014;2(10):e570-e580. doi:10.1016/S2214-109X(14)70301-8 
33.  Kim JH, Mogasale V, Im J, Ramani E, Marks F. Updated estimates of typhoid fever burden in 


sub-Saharan Africa. The Lancet Global Health. 2017;5(10):e969. doi:10.1016/S2214-
109X(17)30328-5 


34.  Garrett DO, Longley AT, Aiemjoy K, et al. Incidence of Typhoid and Paratyphoid Fever in 


Bangladesh, Nepal, and Pakistan: Results of the Surveillance for Enteric Fever in Asia 


Project. Vol 5. https://ssrn.com/abstract=3866551 
35.  Meiring JE, Shakya M, Khanam F, et al. Burden of enteric fever at three urban sites in Africa 


and Asia: a multicentre population-based study. The Lancet Global Health. 2021;9(12):e1688-
e1696. doi:10.1016/S2214-109X(21)00370-3 


36.  Andrews JR, Qamar FN, Charles RC, Ryan ET. Extensively Drug-Resistant Typhoid — Are 
Conjugate Vaccines Arriving Just in Time? New England Journal of Medicine. 
2018;379(16):1491-1493. doi:10.1056/nejmp1805927 


37.  Klemm EJ, Shakoor S, Page AJ, et al. Emergence of an extensively drug-resistant Salmonella 
enterica serovar typhi clone harboring a promiscuous plasmid encoding resistance to 
fluoroquinolones and third-generation cephalosporins. mBio. 2018;9(1):1-10. 
doi:10.1128/mBio.00105-18 


38.  Qamar FN, Yousafzai MT, Khalid M, et al. Outbreak investigation of ceftriaxone-resistant 
Salmonella enterica serotype Typhi and its risk factors among the general population in 
Hyderabad, Pakistan: a matched case-control study. The Lancet Infectious Diseases. Published 
online 2018. doi:10.1016/S1473-3099(18)30483-3 


39.  Hooda Y, Saha S, Sajib MSI, et al. Emergence and molecular basis of azithromycin resistance 
in typhoidal Salmonella in Dhaka, Bangladesh. bioRxiv. Published online 2019:594531. 
doi:10.1101/594531 


40.  Iqbal, Junaid, Dehraj, Irum F., Carey, Megan E., Dyson, Zoe A., Garrett, Denise, Seidman, 
Jessica C., Kabir, Furqan, Saha, Senjuti, Baker, Stephen, Qamar FN. A Race against Time : 
Reduced Azithromycin Susceptibility in Salmonella enterica Serovar Typhi in Pakistan. 
mSphere. 2020;5(4):e00215-20. 


41.  Duy PT, Dongol S, Giri A, et al. The emergence of azithromycin-resistant Salmonella Typhi in 
Nepal . JAC-Antimicrobial Resistance. 2020;2(4). doi:10.1093/jacamr/dlaa109 


5.1_Typhoid


SAGE meeting April 2022 39







42.  Carey ME, Jain R, Yousuf M, et al. Spontaneous Emergence of Azithromycin Resistance in 
Independent Lineages of Salmonella Typhi in Northern India . Clinical Infectious Diseases. 
2021;72(5):e120-127. doi:10.1093/cid/ciaa1773 


43.  Marchello CS, Carr SD, Crump JA. A systematic review on antimicrobial resistance among 
salmonella typhi worldwide. American Journal of Tropical Medicine and Hygiene. 
2020;103(6):2518-2527. doi:10.4269/ajtmh.20-0258 


44.  Laghari GS, Hussain Z, Hussain SZM, Kumar H, Uddin SMM, Haq A. Antimicrobial 
Susceptibility Patterns of Salmonella Species in Southern Pakistan. Cureus. Published online 
April 4, 2019. doi:10.7759/cureus.4379 


45.  Hardjo Lugito NP, Cucunawangsih. Antimicrobial resistance of salmonella enterica serovars 
Typhi and paratyphi isolates from a general Hospital in Karawaci, Tangerang, Indonesia: A 
five-year review. International Journal of Microbiology. 2017;2017. 
doi:10.1155/2017/6215136 


46.  Murray CJ, Ikuta KS, Sharara F, et al. Global burden of bacterial antimicrobial resistance in 
2019: a systematic analysis. The Lancet. 2022;399(10325):629-655. doi:10.1016/S0140-
6736(21)02724-0 


47.  Dyson ZA, Holt KE. Five years of GenoTyphi: updates to the global Salmonella Typhi 
genotyping framework. doi:10.1093/infdis/jiab414/6358992 


48.  Wong VK, Baker S, Connor TR, et al. An extended genotyping framework for Salmonella 
enterica serovar Typhi, the cause of human typhoid. Nature Communications. 2016;7:1-11. 
doi:10.1038/ncomms12827 


49.  Pragasam AK, Pickard D, Wong V, et al. Phylogenetic Analysis Indicates a Longer Term 
Presence of the Globally Distributed H58 Haplotype of Salmonella Typhi in Southern India. 
2020;(Xx):1-8. doi:10.1093/cid/ciz1112 


50.  Thanh DP, Karkey A, Dongol S, et al. A novel ciprofloxacin-resistant subclade of h58. 
Salmonella typhi is associated with fluoroquinolone treatment failure. eLife. 
2016;5(MARCH2016):1-13. doi:10.7554/eLife.14003 


51.  Feasey NA, Gaskell K, Wong V, et al. Rapid Emergence of Multidrug Resistant, H58-Lineage 
Salmonella Typhi in Blantyre, Malawi. PLoS Neglected Tropical Diseases. 2015;9(4):1-13. 
doi:10.1371/journal.pntd.0003748 


52.  Mashe T, Leekitcharoenphon P, Mtapuri-Zinyowera S, et al. Salmonella enterica serovar 
Typhi H58 clone has been endemic in Zimbabwe from 2012 to 2019. The Journal of 


antimicrobial chemotherapy. 2021;76(5):1160-1167. doi:10.1093/jac/dkaa519 
53.  Typhi S, Esther da Silva K, Mohammad Tanmoy A, et al. The international and 


intercontinental spread and expansion of antimicrobial-resistant Salmonella Typhi. 
doi:10.1101/2021.09.03.21262852 


54.  Maes M, Dyson ZA, Higginson EE, et al. Multiple introductions of salmonella enterica serovar 
typhi H58 with reduced fluoroquinolone susceptibility into Chile. Emerging Infectious 


Diseases. 2020;26(11):2736-2740. doi:10.3201/eid2611.201676 
55.  Hooda Y, Sajib MSI, Rahman H, et al. Molecular mechanism of azithromycin resistance 


among typhoidal Salmonella stains in Bangladesh identified through passive pediatric 
surveillance. PLoS neglected tropical diseases. 2019;13(11):e0007868. 
doi:10.1371/journal.pntd.0007868 


56.  Duy PT, Dongol S, Giri A, et al. The emergence of azithromycin-resistant Salmonella Typhi in 
Nepal. JAC-antimicrobial resistance. 2020;2(4):dlaa109-dlaa109. doi:10.1093/jacamr/dlaa109 


57.  Laurens MB, Sirima SB, Rotrosen ET, et al. A Phase II, Randomized, Double-blind, 
Controlled Safety and Immunogenicity Trial of Typhoid Conjugate Vaccine in Children Under 
2 Years of Age in Ouagadougou, Burkina Faso: A Methods Paper. Clinical Infectious 


Diseases. 2019;68(Supplement_2):S59-S66. doi:10.1093/cid/ciy1104 
58.  Date K, Shimpi R, Luby S, et al. Decision making and implementation of the first public 


sector introduction of typhoid conjugate vaccine-Navi Mumbai, India, 2018. Clinical 


Infectious Diseases. 2020;71:S172-S178. doi:10.1093/cid/ciaa597 
59.  Yousafzai MT, Karim S, Qureshi S, et al. Effectiveness of typhoid conjugate vaccine against 


culture-confirmed Salmonella enterica serotype Typhi in an extensively drug-resistant 


5.1_Typhoid


SAGE meeting April 2022 40







outbreak setting of Hyderabad, Pakistan: a cohort study. The Lancet Global Health. 
2021;9(8):e1154-e1162. doi:10.1016/S2214-109X(21)00255-2 


60.  Batool R, Tahir Yousafzai M, Qureshi S, et al. Effectiveness of typhoid conjugate vaccine 
against culture-confirmed typhoid in a peri-urban setting in Karachi: A case-control study. 
Vaccine. 2021;39(40):5858-5865. doi:10.1016/j.vaccine.2021.08.051 


61.  Date KA, Harvey P, Bhatnagar P, et al. LB-5213 - Field Effectiveness of a Typhoid Conjugate 
Vaccine — Navi Mumbai (India), 2018-2020. In: American Society of Tropical Medicine and 


Hygiene 2020 National Meeting. ; 2020. Accessed March 15, 2022. 
https://www.abstractsonline.com/pp8/#!/9181/presentation/4739 


62.  Vadrevu KM, Raju D, Rani S, et al. Persisting antibody responses to Vi polysaccharide–
tetanus toxoid conjugate (Typbar TCV®) vaccine up to 7 years following primary vaccination 
of children < 2 years of age with, or without, a booster vaccination. Vaccine. Published online 
2021. doi:10.1016/j.vaccine.2021.07.073 


63.  Balaji V, Kapil A, Shastri J, et al. Longitudinal typhoid fever trends in India from 2000 to 
2015. American Journal of Tropical Medicine and Hygiene. 2018;99(3):34-40. 
doi:10.4269/ajtmh.18-0139 


64.  Sur Di, Barkume C, Mukhopadhyay B, Date K, Ganguly NK, Garrett D. A Retrospective 
Review of Hospital-Based Data on Enteric Fever in India, 2014-2015. Journal of Infectious 


Diseases. 2018;218:S206-S213. doi:10.1093/infdis/jiy502 
65.  Sirima SB, Ouedraogo A, Barry N, et al. Safety and immunogenicity of Vi-typhoid conjugate 


vaccine co-administration with routine 9-month vaccination in Burkina Faso: A randomized 
controlled phase 2 trial. International Journal of Infectious Diseases. 2021;108:465-472. 
doi:10.1016/j.ijid.2021.05.061 


66.  Sirima SB, Ouedraogo A, Barry N, et al. Safety and immunogenicity of co-administration of 
meningococcal type A and measles–rubella vaccines with typhoid conjugate vaccine in 
children aged 15–23 months in Burkina Faso. International Journal of Infectious Diseases. 
2021;102(September 2011):517-523. doi:10.1016/j.ijid.2020.10.103 


67.  Shakya M, Pant D, Hill J, et al. Immunogenicity of Typhoid Conjugate Vaccine in Nepal: A 


Participant-Observer-Blind Phase III Randomized Controlled Trial (Presented at 12th 


International Conference on Typhoid and Other Invasive Salmonelloses Meeting).; 2021. 
68.  Qadri F, Khanam F, Babu G, et al. Immune Responses Induced in Children after Vaccination 


with Vi-TT Vaccine: Immunogenicity Data from a Cluster-Randomised Controlled Trial in 


Bangladesh (Presented at 12th International Conference on Typhoid and Other Invasive 


Salmonelloses ).; 2021. 
69.  Nampota-Nkomba N, Mbewe M, Nyirenda O, et al. Safety and Long-Term Immunogenicity of 


a Novel Typhoid Conjugate Vaccine in Malawian Infants and Children (Presented at 12th 


International Conference on Typhoid and Other Invasive Salmonelloses Meeting).; 2021. 
70.  Hoffman S, Leboa C, Date K, et al. Impact of a Pediatric Typhoid Conjugate Vaccine 


Campaign in Navi Mumbai, India (Presented at 12th International Conference on Typhoid and 


Other Invasive Salmonelloses Meeting).; 2021. 
71.  Longley AT, Date K, Luby SP, et al. Evaluation of Vaccine Safety after the First Public Sector 


Introduction of Typhoid Conjugate Vaccine - Navi Mumbai, India, 2018. Clinical Infectious 


Diseases. 2021;73(4):E927-E933. doi:10.1093/cid/ciab059 
72.  Qamar FN, Yousafzai MT, Khaliq A, et al. Adverse events following immunization with 


typhoid conjugate vaccine in an outbreak setting in Hyderabad, Pakistan. Vaccine. 
2020;38(19):3518-3523. doi:10.1016/j.vaccine.2020.03.028 


73.  World Health Organization. Global Advisory Committee on Vaccine Safety, 5-6 December 


2018. Wkly Epidem Rec. 2019;94(4):45-52. 
74.  Medise BE, Soedjatmiko S, Rengganis I, et al. Six-month follow up of a randomized clinical 


trial-phase I study in Indonesian adults and children: Safety and immunogenicity of 
Salmonella typhi polysaccharide-diphtheria toxoid (VI-DT) conjugate vaccine. PLoS ONE. 
2019;14(2). doi:10.1371/journal.pone.0211784 


75.  Medise BE, Soedjatmiko S, Gunardi H, et al. A novel Vi-diphtheria toxoid typhoid conjugate 
vaccine is safe and can induce immunogenicity in healthy Indonesian children 2–11 years: a 
phase II preliminary report. BMC Pediatrics. 2020;20(1). doi:10.1186/s12887-020-02375-4 


5.1_Typhoid


SAGE meeting April 2022 41







76.  Medise BE, Soedjatmiko S, Gunardi H, et al. One-month follow up of a randomized clinical 
trial-phase II study in 6 to <24 months old Indonesian subjects: Safety and immunogenicity of 
Vi-DT Typhoid Conjugate Vaccine. International Journal of Infectious Diseases. 
2020;93:102-107. doi:10.1016/j.ijid.2020.01.045 


77.  Capeding MR, Teshome S, Saluja T, et al. Safety and immunogenicity of a Vi-DT typhoid 
conjugate vaccine: Phase I trial in Healthy Filipino adults and children. Vaccine. 
2018;36(26):3794-3801. doi:10.1016/j.vaccine.2018.05.038 


78.  Capeding MR, Alberto E, Sil A, et al. Immunogenicity, safety and reactogenicity of a Phase II 
trial of Vi-DT typhoid conjugate vaccine in healthy Filipino infants and toddlers: A 
preliminary report. Vaccine. 2020;38(28):4476-4483. doi:10.1016/j.vaccine.2019.09.074 


79.  Capeding MR, Sil A, Tadesse BT, et al. Safety and immunogenicity of Vi-DT conjugate 
vaccine among 6-23-month-old children: Phase II, randomized, dose-scheduling, observer-
blind Study. EClinicalMedicine. 2020;27. doi:10.1016/j.eclinm.2020.100540 


80.  Capeding MR, Tadesse BT, Sil A, et al. Immune persistence and response to booster dose of 
Vi-DT vaccine at 27.5 months post-first dose. npj Vaccines. 2022;7(1). doi:10.1038/s41541-
022-00434-8 


81.  Saluja T, Giri BR, Chaudhary S, et al. Challenges and opportunities in setting up a phase III 
vaccine clinical trial in resource limited settings: Experience from Nepal. Human Vaccines and 


Immunotherapeutics. 2021;17(7):2149-2157. doi:10.1080/21645515.2020.1855955 
82.  RITABRATA KUNDU, AMBROSE KUMAR KANDULNA, UMA NAYAK, et al. 


Immunogenicity and Safety of Typhoid Conjugate Vaccine in Healthy Indian Subjects: A 
Randomized, Active-controlled, Comparative Clinical Trial. Indian Pediatrics. 2020;57:625-
630. 


83.  Choi SK, Baik YO, Kim CW, et al. An open-label, comparative, single dose, clinical Phase Ⅰ 
study to assess the safety and immunogenicity of typhoid conjugate vaccine (Vi-CRM197) in 
healthy Filipino adults. Vaccine. 2021;39(19):2620-2627. doi:10.1016/j.vaccine.2021.03.089 


84.  FELTP Placeholder. 
85.  Market Information for Access to Vaccines. Global Market Study: Typhoid Vaccines.; 2020. 


Accessed March 14, 2022. https://cdn.who.int/media/docs/default-
source/immunization/mi4a/typhoid_vaccines-market_study_public_summary-
november2020.pdf?sfvrsn=96993161_6&download=true 


86.  Jin C, Hill J, Gunn BM, et al. Vi-specific serological correlates of protection for typhoid fever. 
Journal of Experimental Medicine. 2020;218(2). doi:10.1084/JEM.20201116 


87.  Sirima SB, Ouedraogo A, Barry N, et al. Safety and immunogenicity of Vi-typhoid conjugate 
vaccine co-administration with routine 9-month vaccination in Burkina Faso: A randomized 
controlled phase 2 trial. International Journal of Infectious Diseases. 2021;108:465-472. 
doi:10.1016/j.ijid.2021.05.061 


88.  Mohan VK, Varanasi V, Singh A, et al. Safety and Immunogenicity of a Vi Polysaccharide–
Tetanus Toxoid Conjugate Vaccine (Typbar-TCV) in Healthy Infants, Children, and Adults in 
Typhoid Endemic Areas: A Multicenter, 2-Cohort, Open-Label, Double-Blind, Randomized 
Controlled Phase 3 Study. Clinical Infectious Diseases. 2015;61(3):393-402. 
doi:10.1093/cid/civ295 


89.  Reddy R, Reddy B, Sarangi V, Reddy S, Ella R, Vadrevu KM. A multi-centre, post-marketing 
surveillance study of Vi polysaccharide–tetanus toxoid conjugate vaccine (Typbar TCV®) in 
India. Human Vaccines and Immunotherapeutics. Published online 2021. 
doi:10.1080/21645515.2021.1947761 


90.  Neuzil KM, Basnyat B, Clemens JD, et al. Early insights from clinical trials of typhoid 
conjugate vaccine. Clinical Infectious Diseases. 2020;71:S155-S159. doi:10.1093/cid/ciaa370 


91.  Lee EY, Park JY, Kim DR, et al. Comparison of anti-Vi IgG responses between two clinical 
studies of typhoid Vi conjugate vaccines (Vi-DT vs Vi-TT). PLoS Neglected Tropical 


Diseases. 2020;14(3). doi:10.1371/journal.pntd.0008171 
92.  Mejia N, Qamar F, Yousafzai MT, et al. Typhoid and Paratyphoid Cost of Illness in Pakistan: 


Patient and Health Facility Costs from the Surveillance for Enteric Fever in Asia Project II. 
Clinical Infectious Diseases. 2020;71:S319-S335. doi:10.1093/cid/ciaa1336 


5.1_Typhoid


SAGE meeting April 2022 42







93.  Mejia N, Abimbola T, Andrews JR, et al. Typhoid and Paratyphoid Cost of Illness in Nepal: 
Patient and Health Facility Costs from the Surveillance for Enteric Fever in Asia Project II. 
Clinical Infectious Diseases. 2020;71:S306-S318. doi:10.1093/cid/ciaa1335 


94.  Mejia N, Pallas SW, Saha S, et al. Typhoid and Paratyphoid Cost of Illness in Bangladesh: 
Patient and Health Facility Costs from the Surveillance for Enteric Fever in Asia Project II. 
Clinical Infectious Diseases. 2020;71:S293-S305. doi:10.1093/cid/ciaa1334 


  


5.1_Typhoid


SAGE meeting April 2022 43












List of appendices (Typhoid Session, SAGE April 2022) 


Appendix 1 Surveillance of Enteric Fever in Asia Project (SEAP) age and site-specific 
incidence rate estimates 


2 


Appendix 2 Long-term IgG Vi antibody Geometric Mean Titres  (Typbar-TCV® ) – Bharat 
Biotech 


3 


Appendix 3 Detailed descriptions of TyVAC immunogenicity studies 4 
Appendix 4 Clinical development pipeline for typhoid conjugate vaccines (late stage 


candidates) 
8 


Appendix 5 Cost of illness (typhoid fever) 12 


Note: For references in appendices, refer to list of references in the main background paper. 


5.2_Typhoid


SAGE meeting April 2022 1







Appendix 1. Surveillance of Enteric Fever in Asia Project (SEAP) age and site-specific 
incidence rate estimates 
 
Crude and fully-adjusted incidence rates of laboratory-confirmed S. Typhi/100,000 person-years by 
age group, by site (2017-2019)34  


 
Age Crude Incidence1 (95% CI) Fully Adjusted Incidence2 (95% CI) 


Bangladesh: Dhaka Shishu Hospital and Shishu Shasthya Foundation Hospital 


<2 160 (133 – 191) 992 (827 -1201) 


2-4 217 (195-239) 1771 (1504-2102) 


5-15 93 (86-101) 1582 (1300 -1938) 


Overall 103 (72 – 109) 1110 (949 – 1305 


Nepal: Dhulikhel Hospital, Kathmandu University Hospital 


<2 37 (1 – 311) 156 (100 – 259) 


2-4 19 (1 -164) 159 (102 -262) 


5-15 60 (28 – 116) 570 (310 – 1124) 


16-25 67 (36 – 123) 423 (236 – 838) 


>25 18 (9 – 36) 172 (119 – 256) 


Overall 36 (24 – 51) 271 (205 – 365) 


Nepal: Kathmandu Medical College 


<2 8 (0 – 71) 299 (168 – 548) 


2-4 28 (8 – 72) 227  


5-15 46 (31 – 65) 418 (228 – 816) 


16-25 68 (53 – 84)  653 (316 – 1440) 


>25 11 (7 – 16) 131 (77 – 229) 


Overall 31 (26 – 37) 330 (232 – 476) 


Pakistan: Aga Khan University Hospital 


<2 43 (24 – 74)  373 (258 – 559) 


2-4 36 (23 – 54) 481 (360 – 654)  


5-15 25 (19 – 32) 360 (273 – 485) 


16-25 11 (7 – 17) 177 (126- 256) 


>25 3 (2 – 5)  26 (21 – 32) 


Overall 12 (10 – 14) 126 (106 – 151) 


Pakistan: Kharadar General Hospital 


<2 175 (122 -244) 658 (499 -920) 


2-4 146 (113 – 185) 1009 (762 – 1383) 


5-15 29 (21 -38) 378 (282 – 519) 


16-25 3 (1 – 8) 43 (30–64) 


>25 1 (0 – 3) 9 (7 – 12) 


Overall 24 (21 – 28) 195 (163 – 236) 
1 Crude incidence includes patients from within the catchment area recruited from outpatient departments, 
inpatient departments, surgical wards, hospital laboratories, and laboratory network sites 
2 Fully adjusted incidence includes patients from within the catchment area recruited from outpatient 
departments, inpatient departments, and surgical wards only 
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Appendix 2. Long-term anti-Vi IgG antibody Geometric Mean Titres  (Typbar-TCV® ) – Bharat Biotech 
 


 


Figure 5A: IgG Vi antibody Geometric Mean Titer (95% CI) among subjects vaccinated at age 6–11 months versus those vaccinated at 12–23 
months. *ASC, All Specimens Cohort subgroup; AAS, Any Available Specimen subgroup; IgG (Immunoglobulin G) anti-Vi was estimated by 
VacczymeTM method; Boosted participants received an additional dose of Typbar TCV® at day 720. (Figure 5B: The proportion of subjects with 


titers ≥ 4-fold above Day 0 among subjects vaccinated at age 6–11 months versus those vaccinated at 12–23 months. *ASC, All Specimens Cohort 
subgroup; AAS, Any Available Specimen subgroup; IgG (Immunoglobulin G) anti-Vi was estimated by VacczymeTM method; Boosted participants 


received an additional dose of Typbar TCV® at day 720. Vadrevu et al 2021).  
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Appendix 3. Detailed descriptions of TyVAC immunogenicity studies  
 
Nepal 


In the individually randomized controlled trial in Nepal, a subset (n=1408) of consenting participants 


were randomized (TCV: MenA, 2:1) to have blood drawn at day 0 (baseline), day 28, and at 18 and 


24 months after vaccination.4,67 Anti-Vi IgG titres were measured using the Vacczyme ELISA kit. 


Results are included in the Table below.  


Table 1. Anti-Vi IgG titres at baseline, 28 days, and 18 months after randomisation in the 


immunogenicity cohort in Nepal4  


 Day 0 Day 28 Month 18 Day 0-day 28 Day 0-month 18 


Typhoid conjugate vaccine group 


Level above lower 
limit of quantification 
of the assay† 


268/849 (32%) 708/709 (100%) 


 


633/639 (99%) 


 


677/683 (99%; 4-fold 
increase) 


 


573/601 (95%; 4-fold 
increase) 


Geometric mean 
concentration (95% CI), 
EU per mL 


7·21 (6·69 to 7·11) 2037·90 (1904·64 to 
2180·48) 


 


241·29 (220·23 to 
264·36) 


 


501·34 (463·67 to 
539·01)-fold increase 


 


67·39 (60·39 to 
74·39)-fold increase 


 


Median (IQR) 3·7 (3·7 to 13·4) 2220·7 (1298·6 to 
3725·7) 


241·29 (220·24 to 
264·36) 


·· ·· 


Group A meningococcal vaccine group 


Level above lower 
limit of quantification 
of the assay† 


112/460 (24%) 112/388 (29%) 


 


96/358 (27%) 


 


8/380 (2%; 4-fold 
increase) 


10/331 (3%; 4-fold 
increase) 


Geometric mean 
concentration (95% CI), 
EU per mL 


6·48 (5·89 to 7·13) 6·98 (6·20 to 7·85) 6·57 (5·87 to 7·35) 5·59 (−0·95 to 12·14)-
fold increase 


1·52 (1·00 to 2·05)-
fold increase 


Median (IQR) 3·7 (3·7 to 8·9) 3·7 (3·7 to 10·5) 3·7 (3·7 to 9·40) ·· ·· 


Data are n/N (%) unless stated otherwise. †The lower limit of quantification was 7.4 EU per ml. Values below this limit were substituted with 
3.7 EU per ml for the analysis. EU = ELISA units. 


 


Malawi 


In an immunogenicity sub-study nested within a Phase 3 randomized, double-blind, controlled TCV 


trial in Blantyre, Malawi, eligible participants were enrolled into 3 groups of approximately 200 


children each, stratified by age (9-11 months, 1-5 years, and 6-12 years) and randomized (1:1) to 


receive TCV or MenA.69 Serum was collected at day 0 (pre-vaccination), day 28, and 730+ days post-


vaccination to measure anti-Vi antibodies by ELISA. Seroconversion was defined as a ≥four-fold rise 


in antibody titres from day 0 to day 28 and day 730+ post-vaccination. 305 (TCV) and 297 (MCV-A) 


participants were vaccinated as part of the sub-study. Among TCV recipients, anti-Vi IgG GMTs (and 
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95% CI) rose >500-fold from 4.2 (4.0, 4.4) at day 0 to 2399.8 (2089.0, 2756.8) at day 28 (p-


value<0.0001), then decreased to 47.8 (39.9, 57.8) ELISA units/mL at day 730+; titres remained 


significantly higher than baseline levels (p-value <0.0001). Among MCV-A recipients, titres remained 


unchanged at the same time points. Anti-Vi IgG GMT among TCV recipients remained significantly 


higher than among MCV-A recipients at day 28 (p-value <0.0001) and day 730+ (p-value <0.0001). 


Seroconversion estimates (and 95% CI) were: 98.5% (96.2, 99.6) of TCV recipients and 0.4% (0.0, 2.1) 


of MCV-A recipients at day 28. At day 730+, 79.9% (74.0, 85.0) of TCV recipients and 4.5% (2.1, 8.4) 


of MCV-A recipients showed seroconversion. Among TCV recipients at day 28, the anti-Vi IgG 


antibody titres and seroconversion rates were similar across all three age strata. By day 730+, anti-Vi 


IgG GMT were highest compared to baseline among children 6-12 years (22.9-fold rise) followed by 


1-5 years (8.9-fold rise), and 9-11 months (6.2-fold rise). The proportion of participants with 


documented seroconversion at day 730+ followed a similar pattern; 89.4%, 78.4%, and 68.3%, 


respectively. 


Table 2  Anti-Vi IgG titres and seroconversion at baseline, Day 28 and Day 730+ -  individually 


randomized TCV study, Malawi69 


 Serum anti-Vi-IgG antibody GMTs (and 95% CI), EU/ml Seroconversion rates (and 95% CI) 


 Day 0 Day 28 Day 730 Day 28 Day 730+ 


Typhoid conjugate vaccine group 


All ages 4.2 (4.0, 4.4) 2399.8 (2089.0, 2756.8) 47.8 (39.9, 57.8) 98.5% (96.2, 99.6) 79.9% (74.0, 85.0) 


Group A meningococcal vaccine group  


All ages    0.4% (0.0, 2.1) 4.5% (2.1, 8.4) 


Seroconversion defined as ≥four-fold rise in antibody titres from day 0 to day 28 and day 730+ post-vaccination. EU = ELISA units 


 


  


Bangladesh 


Within the cluster-randomized trial in Dhaka, Bangladesh, 18 clusters were randomly selected (2:1 


TCV to JE), participants were age-stratified (<5 years vs ≥5 years) and blood was collected on day 0 


(pre-vaccination), 28, 545, and 730.68 Serum anti-Vi-IgG levels were measured by ELISA and GMT and 


seroconversion rates were calculated. Before vaccination, serum anti-Vi-IgG antibody GMTs (and 


95% CI) for children <2 years, 2-4 years and ≥5 years of age were 3.9 (3.75, 4.10); 4.8 (4.5, 5.2); and 


5.5 (5.1, 5.8), respectively. After receipt of TCV, GMTs (and 95% CI) rose on day 28 to 3053 (2686, 


3471); 3047 (2767, 3356), and 2899 (2649, 3173) for children <2 years, 2-4 years and ≥5 years, 


respectively. Titers in TCV recipients declined over time, with GMTs (and 95% CI) on day 545 of 55.9 


(46.8, 66.8) for children vaccinated at <2 years; 105.3 (94.0, 118) for vaccinees at 2-4 years; and 
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105.3 (94.0, 118) for vaccines at ≥5 years. On day 730, GMTs (and 95% CI) for TCV vaccinees were 


40.7 (34.1, 48.6) for children vaccinated at <2 years; 74.8 (66.8, 83.9) for vaccinees at 2-4 years; and 


161.6 (146, 178.8) for vaccinees ≥5 years. Serum anti-Vi-IgG levels remained unchanged throughout 


the study period from pre-vaccination to day 730 for the participants who received JE vaccine. On 


day 28, all TCV recipients showed seroconversions, except for two participants vaccinated at 2-4 


years and two participants vaccinated at ≥5 years of age. On day 545, seroconversion rates were 


91.48%, 93.80%, 96.60% for recipients of TCV at <2 years, 2-4 years and ≥5 years of age respectively, 


and on day 730, the rates were 83.60%; 88.10%, 94.70% for children vaccinated in these three age 


groups, respectively.  


Table 14. Age-stratified anti-Vi IgG titres and seroconversion at baseline, Day 28, Day 545 and Day 


730 -  cluster randomized TCV study, Bangladesh68 


Age Serum anti-Vi-IgG antibody GMTs (and 95% CI), EU/ml Seroconversion rates (and 95% CI) 


 Day 0 Day 28 Day 545 Day 730 Day 28 Day 545 Day 730 


<2 years  3.9 (3.75, 4.10) 3053 (2686, 3471)  55.9 (46.8, 66.8)  40.7 (34.1, 48.6)   91.48%,  83.60% 


2-4 years  4.8 (4.5, 5.2) 3047 (2767, 3356) 105.3 (94.0, 118) 74.8 (66.8, 83.9)  93.80% 88.10% 


≥5 years  5.5 (5.1, 5.8) 2899 (2649, 3173) 105.3 (94.0, 118) 161.6 (146, 178.8)  96.60% 94.70% 


Seroconversion defined as ≥four-fold rise in antibody titres baseline to follow-up days. EU = ELISA units 


 


EU = ELISA units  
 
Burkina Faso 


A phase II, randomized, double-blinded controlled trial was conducted in Burkina Faso to assess the 


safety and immunogenicity of Typbar-TCV® when co-administered with vaccinations that are 


routinely given to children at 9 and 15 months of age in that setting.57 Two age cohorts were 


established: Cohort 1 (n= 100) included children 9-11 months of age and cohort 2 (n= 150) included 


children 15-23 months of age. In cohort 1, participants were randomized (1:1) to receive TCV or 


inactivated polio vaccine (IPV) along with routine measles-rubella (MR) and yellow fever (YF) 


vaccines, and in cohort 2, participants were randomized (1:1:1) to receive 1) TCV and IPV together 


and MenA 28 days later, 2) TCV and MenA vaccine, or 3) MenA and IPV (control group). All cohort 2 


participants also received MR vaccine at day 0. The immune response to TCV and co-administered 


vaccines was measured on Day 0 and on post-vaccination Day 28. Longer-term follow-up is 


completed and laboratory analysis on-going. 


In Cohort 1, On day 0, anti-Vi antibody titers were lower than the limit of assay detection in 36/51 


(71%) of IPV recipients and 31/49 (63%) of TCV recipients and were significantly higher on day 28 for 
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the TCV group.85 At day 0, anti-Vi GMTs were 8.9 and 8.5 ELISA units (EU)/mL for TCV and IPV 


recipients, respectively. Post-vaccination, GMTs rose to 1203.7 EU/mL for the TCV group and 


remained relatively unchanged at 8.9 EU/mL for the IPV group. 87.8% (43/49) of TCV recipients 


seroconverted.  


In Cohort 2, anti-Vi antibody levels for groups 1, 2, and 3 were low on day 0 and significantly higher 


post-vaccination for groups 1 and 2, who received TCV.66 GMT levels at day 0 were 5.0, 4.7, and 4.8 


ELISA units (EU)/mL for groups 1, 2, and 3, respectively. 28 days after vaccination, these levels rose 


to 2754.1 EU/mL for group 1 and 3707.3 EU/mL for group 2, while remaining stable (5.3 EU/mL) for 


group 3, who did not receive TCV. All TCV recipients except three in group 1 and two in group 2 


achieved seroconversion. 
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Appendix 4. Clinical development pipeline for typhoid conjugate vaccines (late stage 
candidates) 
 


SKYTyphoid 
 
SKYTyphoid (Vi Polysaccharide Conjugated to Diphtheria Toxoid [Vi-DT], SK Bioscience Co., Andong, 


Republic of Korea), is seeking licensure for individuals aged 6 months and older. Phase I, II, and III 


clinical trials have been completed, and an application for national licensure in Korea has been 


submitted. A Phase I, randomized, observer-blinded study was conducted in healthy Filipino adults 


and children (n=144) to assess the safety and immunogenicity of two doses of Vi-DT compared to Vi-


PS (Typhim Vi®) when given four weeks apart. Based on GMTs, Vi-DT is significantly more 


immunogenic than Vi-PS, showing 4-fold higher GMTs compared to the comparator group.77 No 


additional increase in GMT was detected after the second dose compared to the first dose. 


A phase II, randomized, dose-scheduling, observer-blinded study to assess the safety and 


immunogenicity of Vi-DT in healthy Filipino infants and toddlers 6-23 months age (n=285) was 


conducted. Participants were randomized to receive a single dose of Vi-DT, two doses of Vi-DT six 


months apart, or a comparator vaccine. Group A received Vi-DT at day 0 and FluQuadri™ at week 24, 


group B received Vi-DT at Day 0 and week 24, and Group C received a comparator vaccine at day 0 


and FluQuadri™ at week 24. Immune responses were compared 4 weeks after second vaccination. 


100% of participants seroconverted after a single dose of Vi-DT. At 28 weeks, seroconversion rates in 


Groups A and B were 99.1% (95% CI 95.1-99.8) and 97.3% (95% CI 92.3-99.1) respectively versus 


21.8% (95% CI 13.0-34.4) in the comparator.78,79  This study was extended, so that participants who 


received a single dose of Vi-DT were given a booster at 96 or 110 weeks (“late booster” group) and 


their immune responses were compared to those who received a booster dose at week 24 (“early 


booster” group) and those who did not receive any typhoid vaccine (comparator group). Safety and 


immunogenicity at weeks 0,4, 24, 28, 60, 96, 110, and 114 were assessed.80 After 114 weeks, the 


anti-Vi IgG seroconversion rate was 88.16% (95% CI 79.00, 93.64) in the late booster and 94.76% 


(95% CI: 86.91, 97.88) in the early booster Vi-DT groups (p=0.081).  Anti-Vi IgG GMTs were 


significantly higher in the early booster group (11.95 [95% CI: 9.65, 14.81]) than prebooster GMTs in 


the late booster group (5.50 [95% CI: 4.44, 6.80], p < 0.0001) at week 110, but GMTs in the late 


booster group significantly increased to 351.76 (95% CI: 265.01, 466.93) (p < 0.0001) 4 weeks after 


recipients received their “late-booster” shot. This study has some limitations owing in part to COVID-


19 - the timing of the “late booster” vaccination was not uniform across all late booster group 


participants, and blood draw timepoints were not uniform between late booster and early booster 


Vi-DT groups.    
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Two parallel Phase III studies were conducted – a double-blinded, randomized controlled immune 


non-inferiority safety study comparing a single dose of Vi-DT to Typbar-TCV© in healthy participants 


6 months to 45 years of age (n=1800) in Nepal and a randomized, observed-blinded, controlled 


immune equivalence study of a multidose formulation with 2PE preservative compared to a single 


dose of Vi-DT in healthy Filipino participants ages 5 months to 45 years (n=1800). The Nepal study 


also assessed immune non-interference with MR or measles-mumps-rubella (MMR). A single dose of 


Vi-DT was shown in Nepal to generate similar seroconversion rates to that generated by Typbar-


TCV©, and lot-to-lot consistency was demonstrated, as was non-interference with MR & MMR 


vaccines.81  In the Philippines, the multidose formulation was found to be immunologically 


equivalent to the single dose formulation, as demonstrated by anti-Vi IgG GMT ratios and 


seroconversion rates at 4 weeks post-vaccination.91 Long-term follow up of Phase I and Ph II studies 


are ongoing to assess comparative long-term immunogenicity of different vaccination schedules (2 


doses 4 weeks apart in Ph I, and single dose plus booster at 6 months vs single dose recipients who 


received a booster 24 months in Ph II, as described above).  


ZYVAC-TCV 


ZYVAC TCV (Vi polysaccharide conjugated to tetanus toxoid [Vi-TT], Cadila Healthcare Limited, 


Ahmedabad, India) is licensed in India for active immunization against S. Typhi infection in adults, 


children, and infants 6 months – 45 years of age. The vaccine was licensed in India based on a Phase 


I open-label, single-arm, single-dose safety study in adult males (n=24) in India and a Phase II/III 


single-blind, active controlled, non-inferiority study comparing immunogenicity of ZYVAC TCV to 


Typbar-TCV© (n=240). In the Phase II study, ZYVAC TCV seroconversion rates were 94.8% overall 


(96.6% in adults and 93.1% in children <18 years), which was non-inferior those generated by 


Typbar-TCV© (91.6% overall, 91.7% in adults and 91.5% in children).82 GMTs in the ZYVAC group 


were 1121.0 EU/ml 6 weeks after vaccination, which was comparable to the Typbar-TCV© group 


(1104.0 EU/ml).  


An extension of the Phase II/III has been conducted in which subjects were followed up for blood 


samples 3 years post vaccination (Day 0), then administered a booster dose within 3 months of Day 


0, and immunogenicity was assessed 28 days after the booster. 79.5% enrolled subjects had 


maintained antibody titre ≥10 IU/ml at 3 years after primary vaccination. All the subjects 


administered booster dose showed seroconversion after vaccination. The reported antibody titres 


after booster vaccination were higher than those reported after primary vaccination. The booster 


vaccination was also well tolerated with no significant safety concern reported. These data have not 


yet been published. Two additional studies are being planned:  a post-marketing safety surveillance 
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studies (n=3000) and an additional Phase III immunogenicity non-inferiority study in 45–65-year-


olds.  


Bio-TCV  


Bio-TCV (Vi polysaccharide conjugated to diphtheria toxoid [Vi-DT], PT BioFarma, Bandung, 


Indonesia) is targeted for active immunization against infection caused by S. Typhi in infants, 


children, adolescents and adults aged ≥ 6 months to ≤ 60 years. Phase I and II studies have been 


completed and results have been published, and a phase III clinical trial in Indonesia is ongoing. An 


age de-escalating, blinded, randomized comparative Phase I safety and immunogenicity study 


(n=100) was conducted in adults (18 - 40 years of age) and children (2-5 years of age) in East Jakarta. 


Within each age stratum, participants were randomized to receive two doses of intervention vaccine 


(Vi-DT) or control vaccine (Vi-Polysaccharide, or Vi-PS) four weeks apart. Subjects were followed six 


months after the second vaccination. Both vaccines were safe and tolerable, and no serious adverse 


events were reported in either group. The first and second doses of the Vi-DT vaccine induced 


seroconversion and higher GMTs in all subjects as compared to Vi-PS. However, in terms of GMT, the 


second dose of Vi-DT did not induce a booster response.74 


A Phase II randomized, double-blinded controlled trial was conducted in healthy Indonesian children 


ages 6 months to <24 months (n=200) to assess safety and immunogenicity of a single dose of Vi-DT. 


Subjects were randomized to receive Vi-DT or control vaccine (IPV) and immune responses were 


compared. 98.99% of the Vi-DT group seroconverted, and a single dose of Vi-DT induced higher 


GMTs in all subjects as compared to baseline levels.76 A randomized, observed-blind Phase II study 


comparing safety and immunogenicity of Vi-PS and Vi-DT was also conducted in Indonesian children 


ages 2-11 years (n=200). At 28 days post vaccination, 100% of subjects in the Vi-DT group and 93% of 


subjects in the Vi-PS group had seroconverted.75 The Vi-DT group produced higher GMTs. An 


ongoing extension of the Phase II clinical trial will compare long-term immunogenicity in participants 


who received a single dose of TCV to those who received a single dose with a booster after two 


years (age of initial administration was 6 -23 months) These data will be available by Q3 2022. A 


Phase III immunogenicity non-inferiority study assessing safety and lot to lot consistency (n=3071, 


https://clinicaltrials.gov/ct2/show/NCT04051268) was completed in Indonesia (comparing 


immunological responses between Vi-DT and Typbar-TCV® and data are being analyzed.  
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EuTYPH-C 


EuTYPH-C (Vi polysaccharide conjugated to Vi-CRM197 carrier protein [Vi-CRM197], EuBiologics Co., 


Ltd., Korea) is targeted for active immunization against S. Typhi infection in ≥6 months to ≤45 year 


olds. Phase I and Phase II/III studies have been completed in the Philippines, and an additional Phase 


III study is starting in Senegal and Kenya soon. An open-label, randomized, comparative single-dose 


Phase I study was conducted in healthy adult volunteers (n=75, ages 18-45 years) at a single site in 


the Philippines to assess the safety, tolerabilitly, and immunogenicity of a single dose of Vi-CRM197 


vaccine in comparison to Typbar-TCV® (Vi-TT) and Vi polysaccharide (Vi-PS, Typhi Vi®, Sanofi 


Pasteur). Participants were randomized (1:1:1) to receive Vi-CRM197, Vi-TT, or Vi-PS, and blood 


samples were taken at baseline (day 0) and 42 days after vaccination. There was no loss to follow-


up, and Anti-Vi IgG antibody titer (GMT) of Vi-CRM197  group on day 42 was 65.325 (95% CI 36.860, 


115.771), which was significantly higher than that of Vi-TT group [24.795, 95% CI (16.164, 38.033) p 


= 0.0055] and the Vi-PS group [7.998, 95% CI (3.800, 16.835) p < 0.0001].83 100% of participants in 


the Vi-CRM197 and Vi-TT groups seroconverted (4-fold rise in anti-Vi IgG levels as compared to 


baseline), but only 84% of Vi-PS recipients seroconverted. The vaccine was safe and well-tolerated, 


with only one instance of mild swelling at injection site reported.  


An observer-blinded, randomized, comparative multicenter Phase II/III study to assess the 


immunogenicity and safety of EuTYPH-C (Vi-CRM197) as compared to Typbar-TCV® (Vi-TT) was 


conducted in healthy infants, children, and adults (n=444, ages 6 months to 45 years) in the 


Philippines. Lot-to-lot consistency was also evaluated. Participants were randomized (1:1:1:1) into 


one of four treatment arms (three Vi-CRM197 arms, each with vaccine from a different manufacturing 


batch, and one Vi-TT arm). Blood samples were taken at Day 0 and Day 42. Four weeks after 


vaccination, GMTs were similar for the Vi-CRM197 arms (561.71 for Arms A, B and C; N=324) and the 


Vi-TT arm (544.49 for Arm D; N=111), with a ratio of GMT (Vi-CRM197 to Vi-TT) of 1.03 (95% CI: 0.85, 


1.25). Both vaccines were safe and well-tolerated, with similar safety profiles. (These data are not 


yet published, but for more information: 


https://www.clinicaltrials.gov/ct2/show/NCT04830371?cond=eutcv&draw=2&rank=2). 


A multicenter, observer blind, randomized controlled trial to evaluate safety (ages 6 months to 45 


years) and non-inferiority (ages 9-12 months) of multi-dose and single-dose vial formulations of 


EuTYPH-C (Vi-CRM197) as compared to Typbar-TCV (Vi-TT) is also planned to take place in Kenya and 


Senegal. This study will also evaluate lot-to-lot consistency of a multidose formulation of EuTYPH-C. 


Coadministration data with measles-rubella and yellow fever vaccines will also be collected.      
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Appendix  5. Cost of illness (typhoid fever) 
 
Several health economic analyses have been conducted and published in recent years. SEAP 


investigators conducted cost-of-illness (COI) studies in Bangladesh, Nepal, and Pakistan. In addition, 


the TyVAC study has conducted COI studies in Nepal and Malawi. The high-level results of these 


studies are summarized below.  


Bangladesh  


A cost-of-illness study was conducted in 2 hospitals in Bangladesh to assess the economic burden of 


pediatric enteric fever. Information was collected from 1772 patients, among whom the median cost 


of illness per case from the patient and caregiver perspective was USD $64.03 (IQR: $33.90 - 


$173.48)94. The average direct medical cost per case was USD $58.64 (range: $37.25 at hospital A, 


$73.27 at hospital B) from the healthcare provider perspective. Median direct medical and 


nonmedical costs per case were 3% of annual labor income across the sample. 


Nepal 


A formal cost-of-illness study for enteric fever was conducted at 2 hospitals in Nepal as part of SEAP 


Phase II. Investigators collected patient and caregiver cost of illness information for 395 patients, 


with a median cost of illness per case of USD $59.99 (IQR $24.04 – 151.23)93. Median direct and 


nonmedical costs per case constituted 3.5% of annual individual labor income. From the healthcare 


provider perspective, the average direct medical economic cost per case was USD $79.80 (range: 


$71.52 at hospital B, $93.43 at hospital A).  


Pakistan 


A cost-of-illness study was conducted in 4 hospitals in Pakistan. Patient and caregiver information 


was collected for 1029 patients with blood culture-confirmed enteric fever or a non-traumatic ileal 


perforation92. The median cost of illness per case was USD $196.37 (Interquartile ratio [IQR]: $72.89 


– 496.40). Median direct and nonmedical costs were equal to 8.2% of annual labor income. From the 


healthcare provider perspective, the estimated average direct medical cost per case was USD $50.88 


at hospital A, $52.24 at hospital B, and $11.73 at hospital C.  
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SAGE SESSION  on HPV 


Purpose of session 


This session SAGE will be requested to look at the following questions 


1. Will currently planned and ongoing, purposefully designed one-dose HPV schedule studies and


trials provide the evidence needed for SAGE to decide on a universal one dose recommendation?


What evidence gaps exist and which research is recommended to fill these gaps?


2. Should an  off-label, permissive one-dose HPV vaccine schedule for use in multi-age cohort (MAC)


catch up strategies be recommended?


3. Should an  off-label, permissive one-dose HPV vaccine schedule for use in routine cohorts be


recommended?


The outcome of the meeting will be decision on recommendations that will inform an updated  WHO 


position paper 


Background description 


As of December 2021, 116 countries introduced HPV vaccine in their national immunization 
schedules, represent only a third of the global population of girls and 40% of the global burden of 
cervical cancer. 


In October 2019, SAGE reviewed the evidence on a single dose of HPV vaccines to protect 9-14 year 
old girls, the primary target population, against cervical cancer. SAGE concluded the quality and 
amount of evidence was insufficient for this policy decision and that the evidence from the 
purposefully designed single dose randomized control trials (RCTs) was required to inform policy 
decisions.  Several of the RCTs, post RCT studies and effectiveness studies designed to assess single 
dose schedules have started to generate interim results during 2021. 


In November 2020, the World Health Assembly adopted the Global Strategy towards the elimination 
of cervical cancer. The strategy calls on each country to introduce HPV vaccination by 2030 reach the 
target of 90% of girls fully vaccinated with HPV vaccine by age of 15. 


One of the programmatic challenges affecting introductions has been the high cost of HPV vaccine 


and vaccine delivery and another is the constrained global supply that since 2018 has led some 


countries to postpone introductions and others to postpone or forego the planned multi age cohort 


catch up vaccination particularly in GAVI eligible countries.  
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2 Executive summary  
 


2.1 Objectives of the reconvened 2021/2022 SAGE HPV Working Group 


• To review the evidence for optimization of HPV vaccination schedules 


• To discuss and propose additional research related to HPV vaccines and immunization to 
address evidence gaps. 


2.2 Questions considered by the Working Group 


• What evidence gaps exist and what research is recommended to enable SAGE to make 
a universal one dose HPV schedule recommendation?   


• Should an off-label, permissive one-dose HPV vaccine schedule for use in multi-age 
cohort (MAC) catch up strategies be recommended?  


• Should an off label, permissive one dose HPV vaccine schedule for use in the routine 
cohorts be recommended?  


2.3 Summary recommendations 


• To achieve the goals of the global strategy for cervical cancer elimination, SAGE 
recommends HPV vaccination for the primary target of 9-14-year-old girls, prior to sexual 
debut. National immunization programmes can use either a two-dose or a single-dose 
vaccination schedule.  


• The option of a single-dose HPV vaccination schedule for routine and multi age cohort 
(MAC) catch-up vaccination in the primary target population is based on the very high 
vaccine efficacy of a single dose of HPV vaccine (97.5%) in girls up to 20 years of age 
observed in a high-quality RCT.  


• This off-label option is recommended from a public health perspective because it 
provides comparable and high levels of individual protection, while being more efficient 
(fewer doses per cancer case prevented), easier to implement and less resource-
intensive than a two-dose schedule. Modelling based on a single dose schedule predicts 
that the possibility of reaching a larger number of girls more rapidly and the resulting herd 
protection would compensate for any theoretical marginal difference in efficacy compared 
with two doses and has the potential to avert more cases of cervical cancer.  


• A single-dose schedule can be considered for HPV vaccine products for which 
satisfactory efficacy and/or immunobridging data for a single-dose schedule are 
available. New and pipeline vaccines should generate evidence on peak and 24-month 
immunogenicity bridged to vaccines with proven single-dose efficacy. 


• Since the single-dose efficacy data comes from a RCT and post RCT follow-up study 
involving girls up to age 20 years, either a two-dose or one-dose schedule can also be 
used for the vaccination of those who are 15-20 years old.  


• For those older than 20 years, a reduced, two-dose schedule (instead of 3 doses 
previously) with a minimum interval of 6 months between doses can be used. Data on 
immunogenicity and efficacy from a post RCT follow-up study gives confidence that this 
reduced-dose schedule will provide protection. 
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• It is uncertain whether immunocompromised individuals will be protected adequately by 
reduced dose schedules. Until further evidence is available, immunocompromised 
persons, irrespective of age, should be prioritized and should receive at least two doses 
but ideally three doses if programmatically feasible. 


• SAGE recommends, as a priority, adequately powered trials with reduced dose 
schedules in immunocompromised individuals to generate evidence on the 
immunogenicity, efficacy and duration of protection, including on the serum antibody titre 
response in individuals who have received a single-dose HPV vaccine prior to HIV 
seroconversion. 


• Additional evidence should also be generated on reduced-dose schedules in boys and 
older females and males, and implementation research carried out to improve HPV 
vaccine coverage.  


• For global equity, and considering the improving supply situation, SAGE recommends all 
countries urgently introduce the HPV vaccine for the primary target of 9-14-year-old girls 
and, where feasible and affordable, to prioritize catching-up missed girls through multi-
age cohort (MAC) vaccination. Introducing the vaccination of boys and older females 
should be postponed until the global supply situation is fully unconstrained. 


 


Implementation consideration  


• SAGE is deeply concerned about the stagnating pace of introductions, the low HPV 
vaccine coverage in many countries and the gap with the 2030 target of 90% coverage 
needed for elimination. The primary aim of the HPV vaccination programme should be to 
reach the highest level of population protection and vaccine coverage among girls before 
they reach 15 years of age with at least one dose of HPV vaccine, irrespective of the 
schedule. Multiple opportunities should be created to allow girls at any age before 15 
years to receive at least one dose and to implement MAC vaccination catch-up to ensure 
the highest possible population protection.   
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3 Background 
Prophylactic HPV vaccines have now been in use for 15 years, during which time they have been 
demonstrated to have an excellent safety profile in population use1 and very high efficacy against 
targeted type HPV infection and HPV-related diseases including cervical cancer.2 WHO has 
recommended their use in pre-adolescent girls for the prevention of cervical cancer since 20093, 
initially using the originally trialled three dose schedule and, from 2014, in a two dose schedule 
(based on immunobridging data) for those aged under 15 at dose one4. Having previously 
considered evidence demonstrating that multi age cohort catch up vaccination at vaccine launch 
accelerates the time to disease reduction benefits, WHO recommends countries implementing 
HPV vaccination do so by vaccinating a routine targeted cohort of girls aged 9-14 years and 
providing a one year catch up program (to age 18, though for GAVI countries this is practically 
capped at age 15 due to the current scheduling requirements for 3 doses beyond age 15 years).5 
However, HPV vaccine supply has been insufficient to meet demand since 2018.  


In October 2018, SAGE reviewed the evidence relating to the immunogenicity and efficacy of a 
single HPV vaccine, given the hypothesis that it may be sufficiently immunogenic to provide 
protection against HPV infection and disease, and in the context of the limited HPV vaccine 
supply, inequities in distribution of the supply and the challenges faced by many countries in 
administering a complete course of HPV vaccine. At that time, the evidence did not support the 
implementation of a universal one dose strategy and SAGE made the following recommendations 
to address the use of the vaccine in the context of restricted supply:6 


• Countries should temporarily postpone implementation of boys, older age group (>15 
years) and multi-age cohort HPV vaccination strategies until all countries have access to 
HPV vaccine. This will significantly relieve supply constraints in the short term and enable 
allocation of doses to high-burden countries currently planning to introduce this vaccine. 


Alternative strategies: 


• In order to retain the disease impact of MACs, target an older cohort of girls (e.g., those 
who are 13 or 14 years old or in a higher school grade) 


• In order to reduce vaccine supply needs, adopt a “1+1” schedule with an extended 
interval of 3-5 years between doses for younger girls (e.g., 9 or 10 years old or lower 
school grade) 


In 2021/2022 the HPV vaccine supply situation remains constrained and the introduction and 
routine delivery of HPV vaccination has been further adversely impacted by the COVID-19 
pandemic.7  However the first data from the multiple studies implemented to definitively assess 
the potential for single dose HPV vaccine to be a routinely recommended schedule were 
published in 2021. Therefore, the SAGE HPV Working Group was reconvened in April 2021 to 
reassess the status of the evidence supporting a single dose HPV vaccination strategy, identify 
whether further advice for optimising the use of available HPV vaccine doses can be made at this 
time and identify remaining research needs. The Working Group membership, Terms of 
Reference and meeting agendas can be found in the Appendix.  


 
1 https://www.who.int/groups/global-advisory-committee-on-vaccine-safety/topics/human-papillomavirus-vaccines 
2 Lei J, Ploner A, Elfström KM, Wang J, Roth A, Fang F, Sundström K, Dillner J, Sparén P. HPV Vaccination and the Risk 


of Invasive Cervical Cancer. N Engl J Med. 2020 Oct 1;383(14):1340-1348. doi: 10.1056/NEJMoa1917338. 
3 Human papillomavirus vaccines WHO position paper. Wkly Epidemiol Rec, 84 (15) (2009), pp. 118-131. 
4 Human papillomavirus vaccines: WHO position paper. Wkly Epidemiol Rec, 89 (43) (2014), pp. 465-492;  
5 Human papillomavirus vaccines: WHO position paper., Wkly Epidemiol Rec 92 (2017), pp. 241–268. 
6 Meeting of the Strategic Advisory Group of Experts on Immunization, October 2018 – Conclusions and 


Recommendations. Wkly Epidemiol Rec 93 (2019),pp  661-680.  
7 UNICEF/WHO vaccine coverage report at https://data.unicef.org/resources/dataset/immunization/ 
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4 Current status of HPV introduction, coverage and 
supply  


4.1 Global HPV vaccine coverage and introductions 


A total of 116 countries (60%) have introduced HPV vaccine; this includes 5 countries with new 
introductions in 2021, which is fewer than in the peak year 2019 (n=18). (Figure 1) The smaller 
number of new introductions was likely influenced by supply constraints. Covid has impacted 
coverage rates for all vaccines, but the 2% global coverage drop seen with HPV (from 20% dose 
1 coverage in girls in 2019 to 18% in 2020, and 15 to 13% completed course coverage) is 
relatively larger than the coverage drops for other vaccines. An estimated 2 million more girls 
missed their second dose in 2020 compared to 2019. The dropout rate for HPV vaccine has 
historically been high, fluctuating between 20% and 30% globally over the last decade.  


HICs were relatively more resilient to Covid impact than lower income countries. The worst 
affected regions were AFR and AMR. (Figure 2) Country level impacts were variable and school-
based programmes saw bigger declines than primarily health facility-based programmes.  


Whilst 60% of countries have introduced HPV vaccine, 60% of the global burden of disease is in 
countries that have NOT yet introduced it. (Figure 3) Enabling MACs at the time of introduction in 
these countries could have a large impact, in particular in populous countries There is particular 
scope for MACs in 50 GAVI countries and in 34 remaining self-financing MICs that have not yet 
introduced and which have 25% of the global cohort of girls. 


 
Figure 1: HPV vaccine introductions (as at 30 Nov 2021) 


 


 


                                                                 
                         
                                    
                                           


                                           


         


        


                


    


          
         
      
        
          


                


       
      
            
             
            
     
     
       
       


       
         


6.1_HPV


SAGE meeting April 2022 7







FINAL VERSION 13/3/2022 
 


8 
 


 
Figure 2: Mean HPV vaccine coverage (completed course) 2019 and 2020 by WHO region 


 
Figure 3: Country specific cervical cancer burden in non introduced countries and coverage in 
introduced countries (as at Dec 2020). Arrows (yellow=GAVI countires, grey=self financing MICs) 
indicate substantial remaining opportunities for MACs in relation to population size and disease 
burden. 
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4.2 Current HPV vaccine supply and projections 


As of 28 Feb 2022, there are currently three HPV vaccine manufacturers with vaccines that have 
received marketing authorisation in at least one country; four products are available (2vHPV 
GSK, 4vHPV and 9vHPV Merck, 2vHPV Innovax). Three additional companies have products in 
late-stage clinical development (phase III) – 1 with 2v and 2 with 4v – those companies have 
been included into the supply forecast. 


Whilst supply grew about 15% per year in recent years, this has remained insufficient to meet 
demand. Much larger increases are expected in the next 6 years with availability increasing to 1.8 
times the current level in the next 1-3 years, 3.5 times in the medium term (4-6 years), and 3.6 
times in the long term (7-9 years). (Figure 4). However, there are uncertainties about products in 
the pipeline, scale-up capacity and time to market. In the mid-long-term, available supply will 
increase significantly, driven by the outcome of manufacturers’ development/scale-up efforts, with 
the ultimate size of the increase to be influenced by country preferences and acceptance of 
different products.  9 valent HPV vaccines are expected to become dominant in the second half of 
the decade with the entrance of up to 4 new manufacturers. 


 


Figure 4: Projected HPV vaccine supply evolution 


Global demand has grown throughout the last decade with an acceleration in 2018-2019 to 
approximately 60 M doses. Demand is expected to start recovering in 2022 post pandemic. 


Several demand forecast scenarios were presented to the WG including the base case of 2 dose 
without MACs; a 2 Dose with MACs; and a single dose with MACs. It was noted that demand will 
not be halved in the one-dose scenario due to higher anticipated coverage. Countries switching to 
one-dose schedules may consider adoption of both sex schedules, which would have an impact 
on global demand.  Key findings for the currently recommended strategy (2 doses and MACs) 
and the proposed alternative strategy, 1 dose with 1 dose MACs, are presented in Figures 5 and 
6. Notably the current two dose strategy results in a projected peak demand of 136 million doses 
in 2028 before stabilising around 123 million in 2031. A one dose strategy from 2025 would result 
in a forecast of 70 million doses per annum from 2028.   
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Figure 5: Projected HPV vaccine demand with a 2-dose strategy 


 


 


Figure 6: Projected HPV vaccine demand with a 1 dose strategy 


As shown in Figure 7, for all scenarios in the base case, supply is forecasted to be sufficient 
in the mid-long term unless supply side problems occur (e.g., delays or changes in 
capacity increases and/or pipeline delay). Importantly, these projections assume that supply is 
shared across all markets and not earmarked for HIC/profitable settings, and that countries 
accept products based on available supply without refusing any specific presentation.  
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Nevertheless, supply remains tight in the short term and needs to be carefully managed.  


Risk factors that can affect the supply situation include i) country acceptance for all products 
irrespective of valency or country of origin, which is particularly key as new products are 
beginning to reach the market and ii) uncoordinated contemporary widespread adoption of both-
sex policies (in particular with catch-up) in UMICs and China in the short term. Active 
management of supplier base is required in the long run, when significant excess supply is 
expected (from 2026-27), in order to avoid supply disruption and reduction of competition as 
result of potential unforeseen market exits. 


 


 


Figure 7: Projected supply-demand balance (6 scenarios) under base and low supply situations 
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5 Evidence reviewed: Updated one dose evidence: 
trials/interventional cohort studies 


 


When previously reviewed in 2018, “SAGE noted that, although use of a 1-dose schedule would 
facilitate the vaccine’s use, there is insufficient evidence at this time to recommend it.”8 As shown 
in Figure 8, data from several key trials investigating the immunogenicity and 
efficacy/effectiveness of a single HPV vaccine dose are now available. Major findings from four 
studies, and the Working Group’s interpretation and assessment of the contribution of each to the 
evidence base, are outlined below. 


 
Figure 8: Summary table of ongoing single-dose HPV vaccination studies 


 


5.1 KEN SHE 2vHPV and 9vHPV RCT 


The primary objectives of this randomised, multi-centre, double-blind, controlled trial9 were to: 


• To test the efficacy of immediate single-dose nonavalent or bivalent HPV vaccination to 
prevent incident persistent HPV 16/18 infection 


 
8 Meeting of the Strategic Advisory Group of Experts on Immunization, October 2018 – Conclusions and 
Recommendations. Wkly Epidemiol Rec 93 (2019),pp  661-680. 
9 Barnabas RV, Brown ER, Onono MA et al. Efficacy of single-dose HPV vaccination among young African women 


[preprint] DOI:10.21203/rs.3.rs-1090565/v1 
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• To test the efficacy of immediate single-dose nonavalent HPV vaccination to prevent 
incident persistent HPV 16/18/31/33/45/52/58 infection 


Methods: 2,275 15–20-year-old females were recruited in three centres in Kenya and had 1 to 5 
partners, were HIV negative, and had no previous HPV vaccination. The three trial arms were 
immediate 9vHPV or immediate 2vHPV (with delayed meningococcal) or meningococcal (with 
delayed HPV) vaccine. Participants had a Pap smear at enrolment, baseline HPV test and 
serology, followed by HPV tests at 3, 6, 12 and 18 months plus month 18 serology. The primary 
analysis cohort was mITT (negative HPV DNA at enrolment/month 3 and negative baseline 
serology: n=1458 for 16/18 mITT cohort as 29% HPV exposed and n=615 for 
16/18/31/33/45/52/58 mITT cohort as 52% HPV exposed). Sensitivity analyses additionally 
included i) participants who were seropositive at enrolment (sensitivity cohort) and ii) additionally 
excluded those who were HPV positive at 6 months (extended sensitivity cohort).  


Results: At 18 months were: HPV 16/18 mITT VE 97.5% (CI: 81.7-99.7%) for both 9vHPV and 
2vHPV. VE against 7 HR-types was 88.9% (CI: 68.5-96.1) with 9vHPV. For the sensitivity 
cohorts, VE against HPV16/18 9vHPV was 98.2% (CI: 86.6-99.7), 2vHPV 94.4% (CI:82.1-99.3) 
and extended sensitivity 100% VE. For the sensitivity cohort, the VE for the 7HR-types 9vHPV 
was 89.3% (CI:76.4-95.1), and for the extended sensitivity cohort was 95.0% (CI:67.1-99.9).  


 


 
Table 1: Incidence of persistent HPV 16/18 and Vaccine Efficacy by Month 18 (mITT Cohort) 
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Table 2: Incidence of persistent HPV 16/18/31/33/45/52/58 and Vaccine Efficacy by Month 18 
(mITT Cohort) 


Interpretation: 
The Working Group reflected that this is a ‘ a  e chan i n ’  study as it was well conducted and 
found strikingly high vaccine efficacy with one dose of HPV vaccine. Separate analyses of 
VE against types 31/33/45/52/58 has not yet been undertaken noting that this is the first study to 
estimate overall 9vHPV efficacy directly (VE 88.9%), as in the original 9vHPV trial the results for 
HPV16/18 were immunobridged against historical controls (as the comparison group received 
4vHPV).10 In the original 9vHPV trial the VE for high grade disease caused by HR types 
31/33/45/52/58 overall was 96.7%;(95% CI, 80.9 to 99.8) so this result is consistent although 
there is no direct comparison. 


5.2 India IARC 4vHPV trial  


The Working Group reviewed the latest available data from this Indian cohort study11 which 
commenced in 2009 as a cluster RCT of 2 vs 3 doses 4vHPV in 10–18-year-old girls with loss of 
randomisation due to stopping in April 2010 leaving 4 groups: 3-dose, 2-dose per protocol, 2-
dose default (at 0, 2 months), and single-dose default groups. As outlined in Figure 9, which gives 
an overview of the methods used to assess outcomes during follow up, control populations were 
recruited post-hoc as comparison groups for the vaccinated cohort. 


The main aim of the latest analysis was to compare vaccine efficacy of single dose to that of 
three and two doses in protecting against persistent HPV 16 and 18 infection at 10 years post 
vaccination. Immunogenicity at 10 years was also examined.  


 


 
10 Joura EA, Giuliano AR, Iversen OE, et al. A 9-valent HPV vaccine against infection and intraepithelial neoplasia in 


women. N Engl J Med. 2015 Feb 19;372(8):711-23. doi: 10.1056/NEJMoa1405044. 
11 Lancet Oncol 2021: 22: 1518-29 
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Figure 9: Study flow chart:  IARC India cohort study12 


Results 
Immunogenicity: Although the antibody titres to HPV types 16/18 induced by a single dose were 
inferior, a 10-year immunogenicity analysis using M9 ELISA test showed a steady plateau for 
HPV types 16 and 18. 95.4% of one-dose recipients were still seropositive for HPV16 as were 
41.7% for HPV18 (unpublished). In relation to equivalence of immune response to 2 doses (0,6 
months) compared to 3 doses (0,2,6 months) across the 10-18-year-old age range, GMTs were 
equivalent in the 2 and 3 dose groups at 60 months (using a pseudovirion-based neutralisation 
assay (unpublished)) as previously seen using ELISA at 48 months.13 


Efficacy: One-dose recipients had low rates of incident (3.1%) and persistent (0.1%) HPV 16/18 
infection similar to the 2 (2.6%/0.1%) and 3 dose (2.9%/0.1%) groups. The unvaccinated control 
group (retrospectively recruited and non-randomized) had higher 16/18 infection rates (incident 
9.7%, persistent 2.7%) and non-targeted HPV types than the vaccinated groups. However, 
compared to the vaccinated groups, these controls had a higher geographically based 
background HPV risk, differences in time between marriage and first specimen collection, and a 
larger number of samples collected to date, which were all determined to be significant predictors 
of non-vaccine type HPV infection. After adjustment for these three factors by the calculation of 
risk factor scores for each participant and the creation of risk strata (see Suppl. Annex in article), 
VE against persistent HPV 16/18 infection was 91.2%/94.5%/94.2% for 3/2/1 doses, 
respectively.  
Interpretation 
The Working Group discussed the imperfect control group in the study (recruited later and 
different characteristics); it noted that the 2 and 3 dose groups were also compared to this group, 
and that the similar absence of infection/disease across all 3 vaccinated groups is noteworthy, 
supporting vaccine effect. The sub-analysis of the Barshi area, where controls were more akin to 
the vaccinated girls than across the entire study population and which had a medium level of 
background infection, gave consistent findings. 


 
12 Lancet Oncol 2021: 22: 1518-29 
13 Lancet Oncol 2016; 17: 67–77 
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Data disaggregated for HPV 16/18 incident and persistent infection outcomes were additionally 
presented and shown to be consistent with the overall findings. 


The Working Group discussed whether the 42% HPV18 seropositivity in the single-dose arm at 
10 years was of concern. It was noted that the cut-off used for seropositivity is arbitrary and levels 
being measured are substantially above the limit of detection. Merck HPV18 cLIA always gives a 
lower Ab measure than HPV16, noting that the neutralizing epitope chosen for the cLIA HPV 18 is 
not dominant in the general female population14, but is not associated with breakthrough disease. 
It was noted that in animal studies that protection against cervicovaginal challenge was seen at 
antibody levels far below the limits of detection and that very low levels of antibody in the tissue 
appear to be protective. The importance of antibody kinetics was noted, with consistent evidence 
indicating a lack of ongoing decay in the plateau phase being very encouraging for long-term 
protection. 


5.3 DoRIS trial - Dose Reduction Immunobridging & Safety Study of 9vHPV 
and 2vHPV in Tanzanian girls 


Month 24 results of this 9vHPV and 2vHPV unblinded study of 1,2,3 doses that assessed 
immunogenicity and safety were presented. The study included 930 girls 9-14 years in 6 arms 
(155 in each arm) and is the first trial of one dose in the target age group, with the primary 
objectives to  


• Demonstrate non-inferiority of HPV 16/18 seroconversion after 1 dose compared with 2 
or 3 doses of same vaccine at M24 


• Primary immunobridging objective: Demonstrate non-inferiority of HPV 16/18 antibody 
GMT at M24, comparing 1 dose in DoRIS with historical efficacy cohorts who received 
only 1 dose (CVT, India-IARC). 


Results 
The study found that 1 dose was non-inferior for HPV16 seropositivity at month 24 for both 
2vHPV and 9vHPV. For HPV18, the non-inferiority criterion was met for 2vHPV but not for 
9vHPV. (Figure 10) Antibody avidity was similar across doses for HPV16 and 18 for both the 
vaccines. Plateau titres for the one dose group were stable between month 12 and month 24 for 
both 2vHPV and 9vHPV. In immunobridging to CVT and India studies, one dose in DoRIS was 
non-inferior to the historical cohorts at month 24 for both vaccines and for HPV16 and 18. (Figure 
11)  


 
14 Brown DR, Garland SM, Ferris DG, et al. The humoral response to Gardasil over four years as defined by total IgG and 


competitive Luminex immunoassay. Hum Vaccin 2011; 7:230-8. 
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Figure 10: Non-inferiority of seropositivity at month 24 


 
Figure 11: Non-inferiority assessment of GMTs at month 24 


Interpretation 
The Working Group noted the issues surrounding seropositivity with dependence upon where the 
cut-off point is set and the sensitivity of the assay used. The Working Group noted that 
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seropositivity for HPV18 at month 24 (one vs other groups) was high and non-inferiority was just 
missed for Gardasil9 with the assay used. 


5.4 Summary 


The Working Group views the KEN SHE findings of very high protection against incident HPV 
infection in sexually active 15-20-year-olds with one dose of 2vHPV or 9vHPV as a critical finding. 
The study represents the highest quality evidence to date assessing vaccine efficacy after one 
dose of HPV vaccine compared to no vaccination. The Working Group notes that such a high 
efficacy estimate for one dose makes the awaited one vs two dose ESCUDDO data (2024) less 
critical, as it will be unlikely to be able to document a higher two dose efficacy with such a high 
expected one dose efficacy. The KEN SHE finding is highly congruent with the India cohort 
findings of extremely low incident HPV16/18 infection after one dose 4vHPV vaccine given at age 
10-18 years and with the long term follow up of the Costa Rica Vaccine Trial among women 
originally vaccinated at 18-25 years of age old, which continues to show high and equivalent one 
dose efficacy comparable to the three dose group and a stable antibody plateau in the one dose 
group now out to 11 years.15 16 The immunogenicity data from DoRIS strongly supports, as 
expected, that one dose will be as efficacious in the routinely targeted younger age cohort as in 
the cohorts assessed in studies to date.   


 
15 Kreimer AR, Sampson JN, Porras C, et al. Evaluation of Durability of a Single Dose of the Bivalent HPV Vaccine: The 


CVT Trial. J Natl Cancer Inst. 2020 Oct 1;112(10):1038-1046. doi: 10.1093/jnci/djaa011. 
16 Tsang SH, Sampson JN, Schussler J, et al. Durability of Cross-Protection by Different Schedules of the Bivalent HPV 


Vaccine: The CVT Trial. J Natl Cancer Inst. 2020 Oct 1;112(10):1030-1037. doi: 10.1093/jnci/djaa010. 
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6 Evidence reviewed: updated systematic review 
 


The Working Group reviewed the findings of the updated Cochrane systematic review (updated 
from Feb 2019 through to Jan 2022). The review now includes 4 HPV vaccines, 3 comparisons (0 
vs 1 dose, 1 vs 2 doses and 1 vs 3 doses) and multiple outcomes. It utilises an updated risk of 
bias tool (v2.0) for RCTs and the ROBINS-I tool for non-randomised studies. The 59 studies 
include 4 RCTs, 4 post hoc analyses of RCTs, 1 single arm trial and 50 observational studies, of 
which 24 are new since the previous review. Only 2 studies included one dose efficacy outcomes 
for males and 4 studies included data for both females and males. There are 36 4vHPV, 11 
2vHPV, 12 mixed studies, and 1 study of 2vHPV Innovax. Overall risk of bias ranged from low to 
some concerns for RCTs, mostly moderate for post-hoc RCT follow-up studies, and mostly 
serious to critical for observational, although there were some observational studies at moderate 
risk of bias because they measured and controlled for the most important confounders. This 
summary presents the main findings of note in relation to the recommendations of the Working 
Group, that is the new higher quality evidence facilitating the support of a permissive one dose 
recommendation. For further details, please refer to the Cochrane review document.  


6.1 Summary of findings 0 vs 1 HPV vaccine dose 


The key findings were evidence of high one dose efficacy against targeted type HPV infection 
with 2vHPV and 9vHPV from the KENSHE trial, and for 4vHPV from the India IARC study 10 year 
follow up.  


Immunogenicity 


• There was high certainty evidence that one dose of HPV vaccine resulted in higher GMTs 
for HPV 16 and 18 than no vaccine and this was sustained for up to 5 years. 


• There was high certainty evidence that one dose of HPV vaccine resulted in higher 
seropositivity to HPV 16 and 18 than no vaccine and this was sustained for up to 11 
years. 


HPV infections 


• There was high certainty evidence that one dose HPV vaccine resulted in a large 
reduction in persistent HPV 16/18 infections compared with no vaccine over the short 
term (up to 18 months follow-up). 


Figure 13: Persistent HPV infections following bivalent vaccine (Cervarix) – RCT 1 vs 0 doses 
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Figure 14: Persistent HPV infections following nonavalent vaccine (Gardasil9) – RCT 1 vs 0 
doses 


• There was moderate certainty evidence that one dose HPV vaccine resulted in a 
reduction in persistent HPV 16/18 infections compared with no vaccine over the long term 
(up to 10 years). 


 
Figure 15: Persistent HPV infections following bivalent vaccine (Cervarix) – post-hoc RCT 
analyses 1 vs 0 doses 
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Figure 16: Persistent HPV infections following quadrivalent vaccine (Gardasil) – post-hoc RCT 
analyses 1 vs 0 doses 


• The evidence suggested that one dose of HPV vaccine may reduce prevalence of HPV 
as well as incident HPV infections compared with no vaccine. 


Other clinical outcomes 


• Evidence suggests that one dose of HPV vaccine may reduce the incidence of genital 
warts compared with no vaccine, but this is based on observational studies at serious risk 
of bias. 


• Evidence on one dose of HPV vaccine on the incidence of abnormal cytology or CIN is 
limited and based on observational studies at serious risk of bias. 


• Estimates of effect on clinical outcomes from observational studies were affected by the 
age of participants and the length of the buffer period used. 
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The GRADE summary of evidence is presented below. 


 


 


 
Table 3: GRADE evidence profile for single dose HPV vaccine compared with no vaccine for HPV 
infection, seroconversion and antibody titres 
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6.2 Summary of findings 1 vs 2 or 3 HPV vaccine doses 


The key findings were that, whilst the immunogenicity of 2 or 3 doses is superior to one, high 
seropositivity is observed after one dose with all vaccines. The efficacy of two doses is not clearly 
superior to 1 and there was no difference in efficacy of 3 compared to 1 dose against 16/18 HPV 
infection (or cross protection against infection with 31/33/45) from the Costa Rica or India studies. 
More variation was seen in observational studies. 


Immunogenicity 


• There was high certainty evidence that one dose of HPV vaccine resulted in lower GMTs 
for HPV 16 and 18 than two or three doses and this was sustained for up to 5 years. 


• There was high certainty evidence that one, two or three doses of HPV vaccine resulted 
in similarly high rates of seropositivity to HPV 16 and 18 and this was sustained for up to 
11 years. 


HPV infections 


• There was low certainty evidence that one dose of HPV vaccine resulted in little to no 
difference in persistent HPV 16/18 infections compared with two or three doses. 


 


Figure 17: Persistent HPV infections following bivalent vaccine (Cervarix) – post-hoc RCT 
analyses 1 vs 2 doses 
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Figure 18: Persistent HPV infections following bivalent vaccine (Cervarix) – post-hoc RCT 
analyses 1 vs 3 doses 


 
Figure 19: Persistent HPV infections following quadrivalent vaccine (Gardasil) – post-hoc 
RCT analyses 1 vs 2 doses 
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Figure 20: Persistent HPV infections following quadrivalent vaccine (Gardasil) – post-hoc 
RCT analyses 1 vs 3 doses 


 
Figure 21: Prevalent HPV infections following bivalent vaccine (Cervarix) – post-hoc RCT 
analyses 1 vs 2 doses 
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Figure 22: Prevalent HPV infections following bivalent vaccine (Cervarix) – post-hoc RCT 
analyses 1 vs 3 doses 


 
Figure 23: Incident HPV infections following bivalent vaccine (Cervarix) – post-hoc RCT 
analyses 1 vs 2 doses 


 
Figure 24: Incident HPV infections following bivalent vaccine (Cervarix) – post-hoc RCT 
analyses 1 vs 3 doses 
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Figure 25: Incident HPV infections following quadrivalent vaccine (Gardasil) – post-hoc RCT 
analyses 1 vs 2 doses 


 


 
Figure 26: Incident HPV infections following quadrivalent vaccine (Gardasil) – post-hoc RCT 
analyses 1 vs 3 doses 


Other clinical outcomes 


• There was limited evidence to show a difference between one dose of HPV vaccine and 
two or three doses of HPV vaccine on genital warts, abnormal cytology, or CIN, with no 
RCT data available. The India IARC trial is as yet underpowered with no CIN2+ endpoints 
available. 


• Thus the estimates of effect on clinical endpoints between one, two, and three doses of 
HPV vaccine come from observational studies that are at serious risk of bias due to 
confounding. These studies did not find a consistent significant effect in favour of two or 
three doses compared to one, although more studies of genital warts than cervical 
endpoints favoured three doses.  
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• Among the three observational studies that compared 2 or 3 doses to 1 dose for 
prevention of CIN that adjusted for confounding,17,18,19 only one study detected a 
significant difference favouring 3 doses over 1.19 (Table 4 and Table 5) 


 


 
Table 4: Adjusted estimates of effect for CIN comparing one dose quadrivalent (Gardasil) vaccine 
with two doses 


 
Table 5: Adjusted estimates of effect for CIN comparing one dose quadrivalent (Gardasil) vaccine 
with three doses 


 


The GRADE summary of evidence for one vs two doses is presented below. 


 


 
17 Brotherton JM, et al. Is one dose of human papillomavirus vaccine as effective as three?: A national cohort analysis. 


Papillomavirus Research. 2019:100177. 
18 Verdoodt F, Dehlendorff C, Kjaer SK. Dose-related effectiveness of quadrivalent human papillomavirus vaccine against 


cervical intraepithelial neoplasia: A Danish nationwide cohort study. Clin Infect Dis 2020 Feb 3;70(4):608-614. doi: 
10.1093/cid/ciz239. 


19 Johnson Jones ML, et al. Effectiveness of 1, 2, and 3 doses of human papillomavirus vaccine against high-grade 
cervical lesions positive for human papillomavirus 16 or 18. American Journal of Epidemiology. 2020;189(4):265–276. 
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Table 6: GRADE evidence profile for single dose HPV vaccine compared with two doses of vaccine 
for HPV infection, seroconversion and antibody titres  
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7 Evidence reviewed: modelling the impact and efficiency 
of single dose schedules   


 


The Working Group considered modelling prepared and presented by M Brisson, M Jit and K 
Prem. In the context of delayed introduction and delayed multi-age cohort catch ups (MACs) in 
many countries due to supply constraints and the COVID pandemic, HPV modellers were initially 
asked to consider whether a single dose MAC would be a good strategy for efficiency in the 
context of limited resources, both financially and in terms of vaccine supply availability. During the 
meeting, and in light of the Working Group interest in considering single dose for routine use, 
modelers were asked to present scenarios including data on single dose in routine programmes. 


Goals considered were maximising of health benefits (population impact and absolute incidence 
reduction); in the context of limited supply, efficiency (how to best prevent cancers with available 
doses); and, in the context of budget constraints, cost effectiveness (what is maximum health 
benefit with minimum cost).  


7.1 HPV ADVISE 


The dynamic HPV ADVISE model20 (Agent-based Dynamic model for VaccInation and Screening 
Evaluation), which includes 18 HPV types, was fitted to 4 LMICs (India, Vietnam, Nigeria, 
Uganda) to examine and compare population level impact and efficiency of various MAC 
strategies for different scenarios of girls only vaccination and different calendar years of vaccine 
introduction. The base case was a vaccination coverage of 80% with 9v vaccine (conclusions 
similar for 2v or 4v), assuming 2-dose VE 100% and 1-dose VE 85%, with 3 routine introduction 
scenarios for 9-year-olds starting in either 2018, 2020 or 2023, as well as routine 14-year-old 
vaccination starting in 2018. Starting routine introduction at any time after 2018 resulted in missed 
cohorts of girls with the goal of the MACs, whether 1 or 2 doses, being to try and reach the 
missed cohorts to achieve the same benefits as if vaccination was started in 2018. 


The model prediction for Uganda found that if the country started with a 14-year-old program (vs 
age 9), a much greater reduction in cancer incidence would be achieved. A 14-year-old 2018 
program with a 1 or 2 dose reverse MAC (i.e., catching up younger cohorts below the routine age 
of vaccination (9-13-year-old in this case) prior to shifting the routine age down to 9 years, rather 
than catching up older cohorts who missed out) in 2023 will achieve comparable cancer 
prevention benefits as a 1 dose MAC. It was noted that the MACs in the modelled scenario 
(which assumes one dose efficacy is lower than two dose efficacy) derive herd protection benefits 
from the 2 dose cohorts vaccinated ahead of and after them. The model produces similar findings 
for all 4 countries, as shown in Figure 27.  


In a scenario assuming 1 dose has a 20-year duration of protection, compared to lifelong for 2 
doses, the conclusion held: the reduction in cervical cancer incidence is similar with either a 1 or 
2 dose MAC. The number of doses needed to prevent 1 case of cervical cancer through a MAC is 
a measure of vaccine efficiency. In all four countries, a 1 dose MAC was a more efficient strategy 
than a two dose MAC. Results for Uganda are shown in Figure 28.  


 
20 Brisson M, Laprise JF, Drolet M, et al. Comparative cost-effectiveness of the quadrivalent and bivalent 
human papillomavirus vaccines: a transmission-dynamic modeling study. Vaccine 2013; 31(37): 3863-71. 
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Figure 27: Overview of impact on cervical cancer incidence in 4 countries by vaccination strategy 


 


 
Figure 28: Number of doses needed to prevent one case of cervical cancer in Uganda: 1 vs 2 
dose MAC 
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On request of the Working Group, the HPV ADVISE scenario for India of a one dose routine 
strategy and one dose routine plus MAC (85% VE) were presented, and both were compared 
with a 2-dose routine strategy at age 9. As shown in Figure 29, the analysis showed a steeper 
reduction in cervical cancer incidence with a 1 dose MAC than with a 2-dose routine program. But 
if 1 dose is eventually shown to have waning protection, the programme could switch to two 
doses: the model predicted that if one starts with a 1 dose MAC and a 1 dose routine programme 
and then switches later to a 2-dose programme, the approach would have still prevented more 
cancers than starting with a routine 2 dose strategy. This suggests that using a one-dose 
approach can be mitigated if required and that countries are still better off even if a second dose 
is ultimately needed. These data are also consistent with findings from the Harvard group model 
examining the same question.21  


 


 
Figure 29: 1 dose and 2 dose HPV strategies in India: impact on cervical cancer incidence if 1 
dose protection lasts 20 years and mitigation by reversion to 2 dose strategy 


 


7.2 PRIME 


The static PRIME model22 (Papillomavirus Rapid Interface for Modelling and Economics) was 
used to evaluate vaccination strategies for the optimal allocation of HPV vaccines in the context 
of the available vaccine supply. The model assumed the use of a 2-valent HPV vaccine with a 
lifelong duration at 90% coverage and with a 1 dose VE of 85% and a 2 dose VE of 100%. 


Routine vaccination of a single cohort minimised the time needed for all countries to introduce, 
with the fastest introduction possible with a one dose routine approach. However, MACs averted 


 
21 Burger Emily A, Laprise Jean-François, Sy Stephen, Regan Mary Caroline, Prem Kiesha, Jit Mark, Brisson Marc and 


Kim Jane J. Now or Later: Health Impacts of Delaying 1-Dose HPV Vaccine Implementation in a High-Burden Setting 
(January 31, 2022). Available at SSRN:  https://ssrn.com/abstract=4022480 or http://dx.doi.org/10.2139/ssrn.4022480 


22 http://primetool.org/about-prime/ 


6.1_HPV


SAGE meeting April 2022 32







FINAL VERSION 13/3/2022 
 


33 
 


more deaths than the single cohort introduction approach. Introducing a routine 2 dose program 
alone would avert 4.1 million deaths, while adding a one-dose MAC averted 1.2 million additional 
deaths compared to 1.1 million for a 2 dose MAC (lower as a smaller total population can be 
covered when two doses are required). Introducing the routine vaccination of 14-year-olds and 
then switching later to the routine vaccination of 9-year-old girls once supply becomes available 
(reverse MAC) would prevent the most cancer deaths (an additional 2.6 million averted compared 
to a routine 2 dose 9-year-old program). (Figure 30) 


However, if allocation is unoptimized (and a first year MAC cannot be guaranteed), then a routine 
2 dose + 2 dose MAC strategy is very inefficient. Notably 2 doses with no MAC (the current 
default strategy) does not perform well compared to other strategies.   


 


 
Figure 30: Cumulative deaths averted in vaccinated cohort in the setting of supply constraints: 
comparison of strategies and whether allocation of doses is optimised or not (PRIME) 


 


7.3 Working Group Interpretation 


The Working Group noted the conclusions of the modellers that there was consistency between 
the models, that MACs, particularly one dose MACs, were efficient and equitable, and the high 
human cost (>1M deaths) of a default two dose routine strategy and unoptimized vaccine 
allocations. The Working Group supported the modelled estimate of 85% VE for one dose as 
sufficiently conservative. The Working Group noted that in the HPV ADVISE model presented, 
any catch up MACs with more cohorts captured produced greater absolute benefits in the results 
presented than MACs with fewer cohorts included. They noted that this does NOT mean that 
catching up later with more cohorts is more effective than covering more cohorts prospectively 
initially and starting routine vaccination earlier. An additional benefit of MACs is the ability to catch 
up girls missed initially for programmatic reasons or because of COVID. The Working Group 
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noted that most efficient strategies in the modelling start with routine vaccination at 14 with a 
reverse MAC to 9-year-olds, but that this assumes high coverage can be obtained in 14-year-
olds. 


The Working Group discussed the potential complexity in communication and programmatic 
challenges for a programme simultaneously offering one dose to older girls in a MAC and two 
doses to younger girls in the routine programme. The Working Group noted that the modelling 
showed that giving a second dose is not efficient in a MAC as loss of effectiveness of 1 vs 2 
doses is mitigated by herd protection. It was noted that the modelling did not look at vaccinating 
15/16-year-olds as part of a MAC, despite one dose evidence currently being applicable to this 
group. 


It was noted that the PRIME model allowed for routine programs to go back to giving routine 
cohorts 2 doses once supply constraints are resolved and only in sensitivity analysis kept one 
dose thereafter. Evidence should be more definitive by the time the supply issue is resolved as to 
whether the efficacy of one-dose is similar to that of the two-dose schedule or not. 


The Working Group discussed the fact that the models do not take HIV into consideration and 
that there is currently no data to support removing the three-dose recommendation for girls living 
with HIV. It was noted however that status of girls is not known in some high-incidence countries 
nor is the impact of HIV seroconversion after vaccination on immune response. Implementing 
three doses in this group is programmatically challenging. 


The Working Group agreed that the modelling emphasised the critical importance of offering 
vaccine to as many girls as possible before they age out.  
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8 Conclusions and recommendations  
 


Please see Section 10 for the evidence to recommendations tables for the question 


Should an off-label, permissive one-dose HPV vaccine schedule for use in routine and/or multi-
age cohort (MAC) catch up strategies be recommended? 


1. 0 vs a single dose of HPV vaccine 
2. 1 vs two doses of HPV vaccine 


8.1 What evidence gaps remain and what research is recommended to 
enable SAGE to make a universal one dose HPV schedule 
recommendation?   


8.1.1 Immunogenicity and protection in HIV and immunocompromised 
populations 


The view of the Working Group is that the most critical gap in research evidence currently relates 
to our understanding of the immunogenicity and protection provided by HPV vaccines in those 
living with HIV or other immune compromising conditions. This pertains to both multidose HPV 
vaccine courses and the response to one dose of vaccine. This is a critical issue because 
populations impacted by HIV have a high disease burden from cervical cancer.  The Working 
Group noted the current difficulties, in areas such as South and Eastern Africa where HIV burden 
is high, in delivering the currently recommended two dose course and discussed at length the 
issues around delivering differential recommendations for girls living with HIV. The Working 
Group noted the lack of evidence as to whether previous vaccinated individuals maintain 
protection following HIV seroconversion. The Working Group notes that the HOPE study, an 
observational study of one dose in South Africa, will provide some data regarding immunogenicity 
and HPV prevalence among individuals who seroconvert to HIV after vaccination (see Appendix 
for outline of the HOPE study). 


8.1.2 Kinetics of type specific antibody decline post vaccination 


The Working Group noted the comparability of antibody levels between 9vHPV and 4vHPV 
vaccines, given the manufacturer’s dosing changes to make them comparable, but also our lack 
of knowledge of the kinetics of individual additional 9vHPV types at the plateau phase and 
whether decay was different for different types.   


8.1.3 RCT data comparing efficacy of one vs two doses and confirmation of 
duration of protection and efficacy in the longer term and impact on 
health outcomes (pre-cancers and invasive cancers) 


The Working Group noted that, although the KEN SHE study provides strong high quality 
evidence to support one dose efficacy for 2vHPV and 9vHPV, and the India cohort study provides 
strong evidence supporting equivalence of one dose of 4vHPV to two or three doses, at this time 
there is no definitive RCT evidence establishing the equivalence of one dose of 2vHPV or 9vHPV 
with either the current two dose (prime boost at 0, 6-12m) or previous three dose (prime boost at 
0,1-2, 6 m) schedules. As previously noted, the very high efficacy observed in KEN SHE for one 
dose efficacy against HPV16/18 infection (97%) makes it is implausible that future RCTs will 
identify an improved efficacy of multidose schedules over one dose. However, the Working Group 
notes that further RCT evidence will be advantageous to confirm the KEN SHE findings, extend 
them across available vaccines, confirm the robustness of protection over time and counteract 
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the potential uncertainties raised for policy makers by existing observational data (noting its 
inconsistencies and confounding but that the consistent impact of buffer periods suggests 
confounding by prevalent infection is important in interpretation of such data).  


The Working Group notes that further RCT data will be available from the KEN SHE and DORIS 
trials and will be added to by data coming from the ESCUDDO trial (non-inferiority trial evaluating 
1 vs 2 doses of 2v and 9v HPV vaccines among 12- to 16-year-old girls; computed vaccine 
efficacy (VE) against unvaccinated), PRISMA trial (1 vs 0 dose 2vHPV and 9vHPV vaccines 
among 18-30 year old women; vaccine efficacy against 16/18 infection) and HANDS trial (1 vs 2 
doses of 9vHPV in 4-8 and 9-14  year olds compared to 3 doses in 15-26 year olds; 
immunobridging study to 36 months).  Further follow up data will also come from the Costa Rica 
vaccine trial and from the non RCT studies PRIMAVERA (immunogenicity clinical trial one dose 
2vHPV bridging to existing 3 dose 4vHPV efficacy data), HOPE (observational cohort of 1 and 2 
dose 4vHPV), The Indian IARC study (4vHPV) and Thai one dose effectiveness study (2vHPV). 
These studies and expected timing of outcome data are detailed in Appendix section 9.4 


The Working Group also noted that, although not a research need, clear guidance is required to 
ensure that manufacturers of emerging HPV vaccines and NITAGs can determine the evidence 
that would be required in order to use these emerging products in a one dose schedule. The 
Working Group recommends that such guidance should include a recommendation to 
immunobridge to plateau titres (from 24 months) rather than peak titres, measured using agreed 
standard and comparable immunoassays and against agreed benchmark titres established from 
efficacy studies.  


8.1.4 Immunogenicity and protection in males 


The Working Group noted the lack of evidence regarding one dose HPV vaccine immunogenicity 
and protection in males. Whilst equivalent immunogenicity and protection in males as females 
would be anticipated, research evidence is needed. Whilst the Working Group was not asked to 
explicitly reconsider the issue of vaccination of males as part of its deliberations, the Working 
Group noted that sex specific schedules may be impractical and challenging to communicate, that 
male vaccination may be a potentially useful strategy to support cervical cancer elimination in 
situations where female vaccination coverage cannot be further increased and that the 
vaccination of males provides primary protection to males against HPV and other HPV related 
diseases and cancers. 


8.1.5 Immunogenicity and protection in older age groups 


The Working Group noted the relative lack of evidence regarding one dose HPV vaccine 
immunogenicity and protection in those aged over 20 years at vaccination. Available data comes 
from the follow up of the Costa Rica Vaccine trial (age 18-25 at vaccination with 2vHPV, default 
one dose group n=112). Whilst sufficient immunogenicity and protection would be anticipated, 
given stable plateaus have been observed across age groups, research evidence is needed. A 
one dose schedule for all those who require catch up immunisation would be advantageous in 
terms of costs and logistics. The Working Group considers that further research could be of 
benefit to determine to what extent it could be of assistance in bringing forward elimination 
timelines once the supply constraints are resolved.  


8.1.6 Implementation research to improve HPV vaccine coverage, including 
among HIV+ populations 


The Working Group notes the large variations in coverage being achieved globally and supports 
the need for ongoing implementation research to support maximising coverage in all settings. 
Achieving high coverage in higher risk populations such as those living with HIV must be a global 
priority.   
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8.2 Should an off-label, permissive one-dose HPV vaccine schedule for use 
in multi-age cohort (MAC) catch up strategies be recommended?  


The Working Group considered the evidence outlined above and concluded that the available 
efficacy, effectiveness and immunogenicity data fundamentally and strongly support the 
superiority of 1 HPV vaccine dose compared to zero doses for protection against oncogenic HPV 
infection. The available data are also consistent, although not conclusive at this time, with one 
dose and two/three doses being equivalent in effectiveness. As many girls are currently receiving 
zero doses at introduction of programmes due to supply constraints preventing MAC catch ups, 
and, given the modelling data supporting the impact and efficiency of one dose MACs compared 
to two, the Working Group concluded that a 1 dose schedule for MAC catch up should be 
recommended. 


8.3 Should an off label, permissive one dose HPV vaccine schedule for use 
in the routine cohorts be recommended?  


The Working Group considered that the available data and fundamental scientific principles of 
immunisation indicated that 1 dose should also apply to the younger routine cohorts, given the KEN 
SHE RCT data supporting high efficacy of one dose covers the age range 15-20 years at 
vaccination. Further, the Working Group considered that the available data and immunological 
principles also strongly support that the 3-dose schedule (0,1-2,6m) can be reduced to two doses 
(0,6-12m) in older ages and that a single dose can also be used up to the age of 20 years.   


 


8.4 Recommendations  


• To achieve the goals of the global strategy for cervical cancer elimination, SAGE 
recommends HPV vaccination for the primary target of 9-14-year-old girls, prior to sexual 
debut.  National immunization programmes can use either a two-dose or a single-dose 
vaccination schedule.  


• The option of a single-dose HPV vaccination schedule for routine and multi age cohort 
(MAC) catch-up vaccination in the primary target population is based on the very high 
vaccine efficacy of a single dose of HPV vaccine (97.5%) in girls up to 20 years of age 
observed in a high-quality RCT.  


• This off-label option is recommended from a public health perspective because it 
provides comparable and high levels of individual protection, while being more efficient 
(fewer doses per cancer case prevented), easier to implement and less resource-
intensive than a two-dose schedule. Modelling based on a single dose schedule predicts 
that the possibility of reaching a larger number of girls more rapidly and the resulting herd 
protection would compensate for any theoretical marginal difference in efficacy compared 
with two doses and has the potential to avert more cases of cervical cancer.  


• A single-dose schedule can be considered for HPV vaccine products for which 
satisfactory efficacy and/or immunobridging data for a single-dose schedule are 
available. New and pipeline vaccines should generate evidence on peak and 24-month 
immunogenicity bridged to vaccines with proven single-dose efficacy. 


• Since the single-dose efficacy data comes from a RCT and post RCT follow-up study 
involving girls up to age 20 years, either a two-dose or one-dose schedule can also be 
used for the vaccination of those who are 15-20 years old.  


• For those older than 20 years, a reduced, two-dose schedule (instead of 3 doses 
previously) with a minimum interval of 6 months between doses can be used. Data on 
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immunogenicity and efficacy from a post RCT follow-up study gives confidence that this 
reduced-dose schedule will provide protection. 


• It is uncertain whether immunocompromised individuals will be protected adequately by 
reduced dose schedules. Until further evidence is available, immunocompromised 
persons, irrespective of age, should be prioritized and should receive at least two doses 
but ideally three doses if programmatically feasible. 


• SAGE recommends, as a priority, adequately powered trials with reduced dose 
schedules in immunocompromised individuals to generate evidence on the 
immunogenicity, efficacy and duration of protection, including on the serum antibody titre 
response in individuals who have received a single-dose HPV vaccine prior to HIV 
seroconversion. 


• Additional evidence should also be generated on reduced-dose schedules in boys and 
older females and males, and implementation research carried out to improve HPV 
vaccine coverage.  


• For global equity, and considering the improving supply situation, SAGE recommends all 
countries urgently introduce the HPV vaccine for the primary target of 9-14-year-old girls 
and, where feasible and affordable, to prioritize catching-up missed girls through multi-
age cohort (MAC) vaccination. Introducing the vaccination of boys and older females 
should be postponed until the global supply situation is fully unconstrained. 


 


Implementation consideration  


• SAGE is deeply concerned about the stagnating pace of introductions, the low HPV 
vaccine coverage in many countries and the gap with the 2030 target of 90% coverage 
needed for elimination. The primary aim of the HPV vaccination programme should be to 
reach the highest level of population protection and vaccine coverage among girls before 
they reach 15 years of age with at least one dose of HPV vaccine, irrespective of the 
schedule. Multiple opportunities should be created to allow girls at any age before 15 
years to receive at least one dose and to implement MAC vaccination catch-up to ensure 
the highest possible population protection.   
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9 Appendices 
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• Raymond Hutubessy  
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Invited experts 


• Partha Basu, International Agency for Research on Cancer (IARC) 


• Julia Lynch, International Vaccine Institute 


• Deborah Watson Jones, London School of Hygiene and Tropical Medicine 


• Ruanne V. Barnabas, University of Washington 


• Sinead Delany-Moretlwe, University of the Witwatersrand 


• Aimee R. Kreimer, National Cancer Institute 


• Anne Schuind, PATH 


• Marc Brisson, Université Laval 


• Mark Jit, London School of Hygiene and Tropical Medicine 


• Kiesha Prem, London School of Hygiene and Tropical Medicine 


• Nicholas Henschke, Cochrane Response 


• Hanna Bergman, Cochrane Response 


9.2 Working Party Terms of Reference 


Background  
In 2018, the SAGE WG was established to review HPV vaccine policies and strategies to assess 
the contribution of HPV vaccination within the proposed Global Strategy Towards Elimination of 
Cervical Cancer.  In 2019, the emerging global supply shortage of HPV vaccines led to a further 
request by SAGE for the WG to advise on alternative strategies to address the supply shortage 
and achieve more equitable global allocation of limited vaccine supply.  


 


With this mandate, the SAGE WG reviewed systematic reviews and analysis of the available 
evidence with respect to HPV vaccine uptake and barriers to access; immunogenicity and 
efficacy of different schedules (single dose; two dose with different intervals); and vaccine 
demand and supply scenarios in the short and medium term. 


 


SAGE concluded there was evidence to recommend a longer interval between doses, but 
insufficient evidence for single dose schedule or for a reduced 2-dose schedule for 15-18 year 
olds. Additionally, to prioritize available supply for the greatest impact on cervical cancer by 
vaccinating younger girls, SAGE recommended to temporarily pause vaccination of boys, older 
adults and multi-age cohort catch-up. SAGE also suggested alternative strategies to deal with the 
supply shortage including vaccinating girls at an older age (e.g., 14 years old) or use an extended 
interval of 3 or 5 years between doses. 


 


In 2021, results from several studies, including two randomized control trials and an effectiveness 
study on single dose HPV vaccine schedules will become available, along with the ten year follow 
up data from the efficacy trial in India by IARC.  The review of this data and recommendations 
towards schedule optimization would have important implications for the feasibility of reaching the 
2030 target of the Global Strategy Towards the Elimination of Cervical Cancer of introducing HPV 
vaccine introduction in all countries and reaching 90% coverage.  
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Terms of Reference  
To provide advice to SAGE on the use of vaccines against HPV in the context of advancing 
vaccination strategies towards the achievement of cervical cancer elimination the WG will: 


• Review the evidence for optimization of HPV vaccination schedules; 


• Discuss and propose additional research related to HPV vaccines and immunization to address 
evidence gaps. 


 


Expected Outcomes:  


• SAGE recommendation on the dosing schedule of HPV vaccines, including with regards 
to the possibility of single dose schedules and requirements for HIV-infected populations. 


• Updated WHO position paper on HPV vaccines, including update of evidence on efficacy, 
effectiveness, impact and safety of all pre-qualified vaccine products and recommended 
schedules. 


 


Beneficiaries of the updated policy guidance:  


• EPI programmes in Member States allowing them to reach the targets for cervical cancer 
elimination in a more efficient way.   


• NITAGs of LIC, MIC and HIC to facilitate making decisions on optimizing HPV vaccine 
schedules and ensure sustainability of HPV vaccination. 


• Funding agencies such as GAVI supporting LMICs in HPV vaccine introduction. 
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9.3 Meeting agendas 


9.3.1 Meeting 1: SAGE HPV Working Group Reconvening Meeting April 
21,2021 


 


 
 


9.3.2 Meeting 2: SAGE HPV Working Group October 19th, 2021 
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9.3.3 Meeting 3: SAGE HPV Working Group December 13-15th, 2021 
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9.3.4 Meeting 4: SAGE HPV Working Group February 8-9th, 2022 
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9.4 One dose trial data to come: study outlines and expected data 


9.4.1 Summary of further data to come from reported studies (India 
IARC/KEN SHE/DoRIS) 


As summarised in Figure 8 (Section 5 above), further results from KEN SHE reporting durability 
of 1 dose efficacy are expected in Q4 2023. Participants will receive blinded cross-over 
vaccination, ensuring all receive HPV vaccination, with an additional 18 months follow-up to 
evaluate single-dose durability. The study will also look at those who seroconverted to HIV post 
vaccination. 


Further data from the IARC India study are expected in mid 2023 reporting persistent infection 
data from over 3500 one dose recipients and the CIN2+ endpoint from over 1500 one dose 
recipients. In 2025 persistent infection data will be available from over 4000 one dose recipients 
and in 2026 CIN2+ data from over 3500 screening one dose recipients.  


Further results from DoRIS are pending with results for month 36 analyses underway, and M60 
visits commencing in March 2022, as well as immunobridging to KEN SHE. 


9.4.2 Overview of design and data to come from HOPE 


The HOPE study is assessing the impact of 1-dose catch up in South Africa, which introduced 
routine 2 dose 2vHPV in 2014 in a school-based program for 9-year-olds. Impact is being 
assessed using repeated cross-sectional surveys of HPV16/18 prevalence in girls 17-18 years 
attending PHC services (in 4 provinces in sentinel clinics). One-dose vaccine was given in 2019 
in a single district in Free State to a target population of 6700 girls in grade 10 (around 15-16 
years old) in 66 high schools, achieving 72% coverage of eligible girls. HPV prevalence at 
sentinel clinics is measured using a self-collected swab, with a tablet based self-interview 
collecting behaviour and vaccination history. HIV testing and clinical data are extracted. 
Vaccination status is ascertained through a study-specific register and access to the Department 
of Health register.  A nested sub-study of 400-450 vaccinated 17–18-year-olds will measure 
antibodies at 24 and 48 months by HIV status and avidity and neutralising ability by HIV status 
and recency of HIV infection. Recency of HIV acquisition will be assessed using recency assay 
testing at the National Institute. 


In preliminary results, the 2019 baseline survey found an HPV16/18 prevalence of 31% in HIV-
positive women and 18% in HIV-negative women. Prevalence was associated with number of 
partners. Survey 2 in the one dose eligible cohort is in progress. 


Results are expected end-February 2022 for the main outcome of HPV prevalence in one dose 
vaccinated vs non-eligible, noting that the HIV status sub-study will take longer. Final study 
results are expected late 2024. 


9.4.3 The Original Costa Rica 2vHPV trial of 18–25-year-olds  


At 10-years for the HPV16/18 prevalent infection endpoint, 3 doses had 80% efficacy and this 
was similar for 1 dose. Cross protection was also observed. Antibody findings show stable 
HPV16 serum antibodies that are 4-fold lower for 1 dose than with 3 doses, but levels are stable. 
An in-press paper (Tsang S et al.) shows HPV16 avidity is lower in the 1 than 3 dose group but 
with no degradation of one dose avidity over time. Final immunogenicity analyses will be run at 20 
years (16 years data in 2022). 
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9.4.4 Overview of design and data to come from ESCUDDO  


This is a randomised non-inferiority trial of 1 vs 2 doses of 2v and 9v in 20,300 12-16-year-old 
girls against incident persistent cervical infections with 5 years follow up. A second coprimary 
endpoint is to assess one dose vs zero doses through a survey of 17-20-year-olds for the zero 
dose group. A concern has been raised however that pre and post assessments may not be valid 
if the COVID pandemic alters acquisition so a post-covid end of study survey of 16.5-21.5-year-
olds is planned in addition (n=3000). Preliminary results will be presented late 2023/early 2024 
with final study analysis in late 2025. 


9.4.5 Overview of design and data to come from Primavera  


Primavera is an immunobridging study comparing HPV16/18 antibody levels in 620 girls 9-14 
years after 1 dose of 2vHPV with levels achieved in 620 women 18-25 years who receive 3 doses 
of 4vHPV. It is a non-randomised open label bridging trial, using a lower bound ratio of GMT 
>0.67. Serology collection will occur at months 12/24/36. M24 interim analysis will be available at 
the end of 2022 and final analysis in 2024. 


9.4.6 Overview of design and data to come from PRISMA  


PRISMA is a RCT of 1 dose 2vHPV and 9vHPV vaccination in >5000 adult women aged 18-30 
years. The study aims to provide data to potentially extend catch-up recommendations to age 30 
once there is an excess of HPV vaccines to accelerate global cervical cancer elimination by use 
of a one-time mass catch-up. The study will assess one dose HPV (2vHPV or 9vHPV) compared 
to dTpa in three arms against the endpoint of incident cervical infection with HPV16/18. Study 
launch is Q1 2022, with 36 months of follow up against virological and immunological endpoints 
and data expected to be ready by 2027. 


9.4.7 Overview of design and data to come from HANDS  


The HANDS trial is investigating the safety and immunogenicity of a 9vHPV vaccine in young 
children 4-8 years of age in order to be able to extend the age indication to facilitate school 
vaccination (Sponsor MRC Unit Gambia and LSHTM, PI Ed Clarke). 9vHPV in 15–26-year-old 
females 3 doses (reference) is compared to 9vHPV in 9-14-year-old and 4-8 year olds 
randomised to 1 or 2 dose schedules measuring immunopersistence to 36 months. 1-dose 
cohorts will receive a second dose at the end of study. The last subject was recruited in June 
2021 with 24-month data expected in 2023 and the study is due to complete follow up in mid-
2024. 


9.4.8 Overview of design and data to come from the Thailand effectiveness 
study  


This observational cohort study is comparing vaccine effectiveness against prevalent HPV16/18 
infection of one versus two doses of 2vHPV given in a school-based program to Grade 8 girls 
(age <15 years) in two similar Thai provinces. Udon Thani (Single Dose) and Buriram (Two-
dose). HPV prevalence is assessed amongst a cross sectional sample of 2600 students per 
province (irrespective of vaccination status) through urine sampling (collected with the Colli-Pee 
device and tested using Cobas 4800 HPV test with Cobas positive typed using Anyplex). Urine 
samples were collected at baseline from Grade 10 students, taken in 2018/2019 at the time of 
vaccination of the Grade 8 cohort, with repeat collection at two and four years later (in Grade 10 
and 12 from the vaccinated cohort and Grade 12 in the unvaccinated cohort). Sexual behaviour is 
assessed using a self-administered survey and a subset (n=200 per province) undergo serology 
studies. Analysis is at the cohort level with vaccinated and unvaccinated participants identified 
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through linkage to health department records through a unique ID. Publication of year 2 data is 
pending, with final year 4 follow up data expected in 2023. 


9.4.9 Overview of design and data to come from CHOISE  


The CHOISE study is an open label RCT comparing HPV vaccine options in an immunogenicity 
and safety evaluation (PATH study sponsor – Bangladesh and Ghana study sites). 9-14-year-old 
girls were recruited into 5 study groups N=1025 (205/group):2 dose Cecolin 0,6/0,12/0,24m 
compared to 4vHPV vaccine 0,6 m, and with a mixed schedule arm 4vHPV day 1, Cecolin 24m. 
The rationale of the 25-month study is to generate additional data on Cecolin for global policy and 
country adoption by establishing non- inferiority of 2 dose Cecolin vs 4vHPV. Further 
considerations are to bridge to one dose efficacy studies and persistence to 24 months after one 
dose. The study had fully recruited in Nov 2021 with results expected in 2024. 


 


10 Evidence to recommendations tables 
 


The tables assessing 0 vs 1 dose commence on page 53. 


The tables assessing 1 vs 2 doses commence on page 65.
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Strategic Advisory Group of Experts (SAGE) on Immunization Evidence to recommendations framework23 


 
23 This Evidence to Recommendation table is based on the DECIDE Work Package 5: Strategies for communicating evidence to inform decisions about health system and public health interventions. 


Evidence to a recommendation (for use by a guideline panel). http://www.decide-collaboration.eu/WP5/Strategies/Framework 


24 The recommendations contained in this publication are based on the advice of independent experts, who have considered the best available evidence, a risk–benefit analysis and other factors, as 
appropriate. This publication may include recommendations on the use of medicinal products for an indication, in a dosage form, dose regimen, population or other use parameters that are not 
included in the approved labelling. Relevant stakeholders should familiarize themselves with applicable national legal and ethical requirements. WHO does not accept any liability for the procurement, 
distribution and/or administration of any product for any use. 
 


Question:  Should an off-label24, permissive one-dose HPV vaccine schedule for use in routine and/or multi-age cohort (MAC) catch 
up strategies be recommended? 
 
Population: Main population is pre-adolescent and adolescent girls (9-14 years old), but boys and older adults are also included. 
Intervention:  Single dose vaccination; bivalent (Cervarix and Cecolin), quadrivalent (Gardasil), and nonavalent vaccines (Gardasil 9). 
Comparison(s):  No vaccination 
Outcome:   
Clinical outcomes: including, but not limited to invasive cervical, vaginal, vulval, anal, penile or head and neck cancer; cervical 
intraepithelial neoplasia (CIN) grade 3+; CIN2+; histological and cytological abnormalities; anogenital warts; high risk HPV infection 
(genotype-specific prevalence, incidence and/or persistence)  
Immunological outcome; seroconversion or seropositivity; geometric mean titers (GMT) of HPV antibodies  
 
 


Background:  As of March 2022, 117 countries introduced HPV vaccine in their national immunization schedules, but these countries 
represent only a third of the global population of girls and 40% of the global burden of cervical cancer. 
 
In October 2019, SAGE reviewed the evidence on a single dose of HPV vaccines to protect 9-14-year-old girls, the primary target 
population, against cervical cancer.  SAGE concluded the quality and amount of evidence was insufficient for this policy decision and 
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that the evidence from the purposefully designed single dose randomized control trials (RCTs) was required to inform policy 
decisions.  Several of the RCTs and effectiveness studies designed to assess single dose schedules have generated interim results 
during 2021. 
 
In November 2020, the World Health Assembly adopted the Global Strategy towards the elimination of cervical cancer. The strategy 
calls on each country to introduce HPV vaccination by 2030 and set a target of 90% of girls fully vaccinated with HPV vaccine by age 
of 15. HPV vaccine coverages are below the target of 90% in the majority of countries and the observed high drop out between the 
first and the second dose indicate programmatic challenges.  
  
Programmatic challenges to introducing the vaccine include high cost and supply constraints. The latter have affected in particular 
Low-and Middle-income countries since 2018 and led to delayed introductions and delayed or canceled multi age cohort catch up 
strategies in GAVI eligible countries.  
 


 CRITERIA JUDGEMENTS RESEARCH EVIDENCE ADDITIONAL INFORMATION 
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Is the problem 
a public health 
priority? 


No 
Un-


certain 
Yes 


Varies by 
setting 


HPV infection with oncogenic HPV types causes 
an estimated 604,000 cases of cervical cancer 
worldwide (Globocan, 2020). HPV infection also 
causes a proportion of cancers of the anus, the 
oropharynx, the vulva and vagina, and of the 
penis. Of HPV-associated cancers, HPV types 16 
and 18 are associated with 85% of HPV-related 
head and neck cancers and 87% of anal cancers 
– the second and third most frequent HPV-
related cancers with, respectively, 38 000 and 
35 000 estimated cases per year.  Martel et al., 
Int. J. Cancer: 141, 664–670 (2017) VC 2017 
 
Anogenital HPV infection can result in benign 
skin and mucosal tumors, including anogenital 
warts in men and women The estimated 
median annual incidence of new anogenital 


 


☐ ☐ ☒ ☐ 
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warts was 137 per 100 000 men and 121 per 
100 000 women. (Patel H et al. Systematic 
review of the incidence and prevalence of 
genital warts. BMC Infectious Diseases, 
2013;13:39) 
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Benefits of the 
intervention 
 
Are the 
desirable 
anticipated 
effects large? 
 
 


No 
Un-


certain 
Yes Varies 


Recent data shows that single dose HPV 
vaccine is effective for both clinical and 
immunological outcomes. See the summary 
table of Systematic Review by Cochrane Group. 
(see the Cochrane Systematic Review). 
 
In particular, there is one high quality RCT study 
which shows high Vaccine Efficacy (>95%) of 
single dose HPV vaccine in adolescent girls/ 
young women 15 to 20 years old.  
 
Modeling suggests that under an elimination 
scenario (all countries introduce by 2030 and all 
countries include a first year multi age cohort 
catch up for 10-14-year-old girls), this can avert 
at least 1.2 million additional cases of cervical 
cancer compared to only vaccinating a routine 
cohort of girls (Prem& Jitt, 2021) 
 


 
 


☐ ☐ ☒ ☐ 


Harms of the 
intervention 
 
Are the 
undesirable 


No 
Un-


certain 
Yes Varies  


Since licensure in 2006, over 500 million doses 
of HPV vaccines have been distributed. The risk 
of anaphylaxis has been characterized as 
approximately 1.7 cases per million doses. No 
other serious adverse reactions have been 
identified and HPV vaccines have an excellent 
safety profile (GACVS 2017). 


 


☐ ☐ ☒ ☐ 
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anticipated 
effects small?  
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vention 


Favours 
com-


parison 


Favours 
both 


Favours 
neither 


Unclear 
The benefits of protection against any HPV 
related diseases, cervical but also other forms 
of cancers and genital warts, overweigh any 
adverse effect of vaccination (e.g., pain during 
vaccination, AEFIs) 


 


☒ ☐ ☐ ☐ ☐ 


What is the 
overall quality 
of this 
evidence for 
the critical 
outcomes? 


Effectiveness of the intervention See related GRADE tables in the Cochrane 
review.  
 
The safety of HPV vaccine has been confirmed 
by GACVS and informed by data from large, 
high quality datasets from post surveillance 
systems (see the GACVS Report). 
https://www.who.int/groups/global-advisory-
committee-on-vaccine-safety/topics/human-
papillomavirus-vaccines/safety 


Two boxes have been ticked:  
The high quality refers to a RCT that 
provided shorter term efficacy 
data. The moderate quality refers 
to a post RCT follow up study on 
long term efficacy.  
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☐ ☐ ☐ ☒ ☒ 


 
Safety of the intervention 


No 
included 
studies 


Very 
low Low Mod-


erate High 


☐ ☐ ☐ ☐ ☒ 


V
A


LU
ES


 &
 P


R
EF


ER
EN


C
ES


 


How certain is 
the relative 
importance of 
the desirable 
and 
undesirable 
outcomes? 
 
 


Importa
nt 


uncertai
nty or 


variabili
ty 


Possibly 
importa


nt 
uncertai


nty or 
variabili


ty 


Probabl
y no 


importa
nt 


uncertai
nty or 


variabili
ty 


No 
importa


nt 
uncertai


nty or 
variabili


ty 


No 
known 
undesir


able 
outcom


es 


While global representative data are missing, 
there is no important uncertainty around the 
relative weight that the target population 
attributes to the desirable outcomes (i.e., 
protection conferred by the vaccine) and the 
undesirable outcomes (i.e., the currently 
reported AEFIs).  
 
There is no uncertainty about the value placed 
on prevention of cervical cancer and high 
acceptance of the vaccines indicated by high 
coverage (>80%) achieved in many programs 
attest to that (Bruni et al, 2021) 
 
 
 


 


☐ ☐ ☒ ☐ ☐ 
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Values and 
preferences of 
the target 
population: 
Are the 
desirable 
effects large 
relative to 
undesirable 
effects? 


No 


Pro
babl


y  
No 


Unc
erta


in 


Pro
babl


y 
Yes 


Ye
s 


Varie
s 


The target population assigns more weight to 
the desirable effects than to the undesirable 
effects. Large benefits can be obtained 
relatively to potential undesirable effects. 
Effectiveness data have shown that taking the 
vaccine can reduce the chance to get cervical 
cancer by 88% (Lei J et al. NEJM 2020).  
 
Minor AEFIs (e.g. pain) are reported; the risk of 
serious events like anaphylaxis is very rare; no 
other serious adverse events have been 
identified. 


 


☐ ☐ ☐ ☐ ☒ ☐ 


R
ES


O
U


R
C


E 
U


SE
 


Are the 
resources 
required 
small? No 


Un-
certain 


Yes Varies  


HPV vaccine is relatively more costly than other 
childhood vaccines. In addition, vaccine 
delivery costs have been demonstrated to be 
high for HPV vaccines (Jit. M, 2021 
https://doi.org/10.1016/j.jval.2020.07.012.) 
From the immunization programme 
perspective, additional resources are needed, 
including financial costs and human resources, 
to introduce HPV vaccine to the primary target 
adolescent girls. 
 
 
 
 
 


 


☒ ☐ ☐ ☐ 


No 
Un-


certain 
Yes Varies 


 


6.1_HPV


SAGE meeting April 2022 57







                                                                                                                                                                                                     


 
 


58 
 


Cost-
effectiveness 


☐ ☐ ☒ ☐ 


Previous studies have shown that HPV vaccine 
is a cost-effective intervention in various 
country settings. (Abbas et al. 2020  
https://www.thelancet.com/journals/langlo/art
icle/PIIS2214-109X(20)30022-X/fulltext) 
While no CEA for LMICs was done for single 
dose schedules, similar gains will be obtained 
with lower costs, and therefore single dose 
schedule HPV vaccination will be a more cost 
effectiveness intervention (than with 2 doses). 


EQ
U


IT
Y


 


What would 
be the impact 
on health 
inequities? 


Increa-
sed 


Un-
certain 


Re-
duced 


Varies 
It is important to protect girls against HPV 
infection, especially in low- and middle-income 
countries where approximately 90% of cervical 
cancer cases occur and secondary prevention 
through screening is often inaccessible and of 
low quality.  
 
In addition, currently around two third of the 
global cohort of eligible girls lack access to HPV 
vaccination. Therefore, this intervention is 
likely to improve access to HPV vaccine and 
reduce health inequities. 


 


☐ ☐ ☒ ☐ 


A
C


C
EP


TA
B


IL
IT


Y
 Which option 


is acceptable 
to key 
stakeholders 
(Ministries of 
Health, 


Inter-
venti


on 


Com
paris


on 
Both 


Neit
her 


Un-
clear 


 
Most stakeholders accept HPV vaccine 
introduction in national immunization 
programmes. 
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Immunization 
Managers)? 


☒ ☐ ☐ ☐ ☐ 


Which option 
is acceptable 
to target 
group? 


Inter-
venti


on 


Com
paris


on 


Both 
Neit
her 


Un-
clear 


HPV vaccine is generally well accepted among 
target groups and their parents,  
However, in some geographies, vaccine 
hesitancy and rumours on the effect of the 
vaccine like infertility or other alleged AEFIs 
have affected vaccine uptake.   


 
Data from a study from Tanzania among 
participants (Mitchell et al 2021 
10.1016/j.tvr.2021.200217) indicated that most 
participants entrusted decisions about the 
number of HPV vaccine doses to experts. 
Random allocation to the different dose groups 
did not feature highly in the decision to 
participate in the trial. Given a hypothetical 
choice, girls generally said they would prefer 
fewer doses in order to avoid the pain of 
injections. Parental views were mixed, with 
most wanting whichever dose was most 
efficacious. Nonetheless, a few parents 
equated a higher number of doses with greater 
protection. 


 


☒ ☐ ☐ ☐ ☐ 


FE
A


SI
B


IL
IT


Y
 Is the 


intervention 
feasible to 
implement? 
 
 


No 


Pro
bab
ly 


No 


Un-
cer
tai
n 


Pro
ba
bly 
Yes 


Yes 
Varie


s 


As of March 2022, 117 countries have 
introduced HPV vaccine in the national 
immunization schedule. Many countries have 
also successfully implemented multi age cohort 
catch up strategies during the introduction 
years. 


 


☐ ☐ ☐ ☐ ☒ ☐ 
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Coverage varies by region and country and 
many countries, both higher- and lower 
income, have been able to achieve good 
coverage, at least with the first dose. (Bruni et 
al., 2021) 
 


 


Balance of 
consequences 


Undesirable 
consequences  


clearly 
outweigh  
desirable 


consequences 
in most settings 


Undesirable 
consequences 


probably outweigh  
desirable 


consequences 
in most settings 


 


The balance between  
desirable and undesirable 


consequences  
is closely balanced or 


uncertain 


 


Desirable consequences 
probably outweigh  


undesirable 
consequences 


in most settings 


 


Desirable consequences  
clearly outweigh  


undesirable 
consequences 


in most settings 


☐ ☐ ☐ ☐ ☒ 


Type of 
recommendation 


We 
recommend 


the 
intervention 


We suggest considering recommendation of the 
intervention 


 


We recommend the 
comparison 


We recommend 
against the 


intervention 
and the comparison 


 


☒ ☐ Only in the context of rigorous research  ☐ 


 


☐ 


 
☐ Only with targeted monitoring and evaluation 


☐ Only in specific contexts or specific (sub)populations 
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Recommendation 
(text) 


 


• To achieve the goals of the global strategy for cervical cancer elimination, SAGE recommends HPV 
vaccination for the primary target of 9-14-year-old girls, prior to sexual debut.  National 
immunization programmes can use either a two-dose or a single-dose vaccination schedule.  
 


• The option of a single-dose HPV vaccination schedule for routine and multi age cohort (MAC) catch-
up vaccination in the primary target population is based on the very high vaccine efficacy of a single 
dose of HPV vaccine (97.5%) in girls up to 20 years of age observed in a high-quality RCT.  
 


• This off-label option is recommended from a public health perspective because it provides 
comparable and high levels of individual protection, while being more efficient (fewer doses per 
cancer case prevented), easier to implement and less resource-intensive than a two-dose schedule.  
Modelling based on a single dose schedule predicts that the resulting herd protection would largely 
compensate for any theoretical difference in efficacy compared with two doses. If a single dose 
schedule allows higher population coverage, then it has the potential to avert more cases of cervical 
cancer. 
 


• A single-dose schedule can be considered for HPV vaccine products for which satisfactory efficacy 
and/or immunobridging data for a single-dose schedule are available. New and pipeline vaccines 
should generate evidence on peak and 24-month immunogenicity bridged to vaccines with proven 
single-dose efficacy. 
 


• Since the single-dose efficacy data comes from a RCT and post RCT follow up study involving girls up 
to age 20 years, either a two-dose or one-dose schedule can also be used for the vaccination of 
those who are 15-20 years old.  
   


• For those older than 20 years, a reduced, two-dose schedule (instead of 3 doses previously) with a 
minimum interval of 6 months between doses can be used. Data on immunogenicity and efficacy 
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from a post RCT follow up study gives confidence that this reduced-dose schedule will provide 
protection. 


 


• It is uncertain whether immunocompromised individuals will be protected adequately by reduced 
dose schedules. Until further evidence is available, immunocompromised persons, irrespective of 
age, should be prioritized and should receive at least two doses but ideally three doses if 
programmatically feasible. 
 


• SAGE recommends as a priority adequately powered trials with reduced dose schedules in 
immunocompromised individuals to generate evidence on the immunogenicity, efficacy and 
duration of protection, including on the serum antibody titer response in individuals who have 
received a single-dose HPV vaccine prior to HIV seroconversion. 
 


• Additional evidence should also be generated on reduced-dose schedules in boys and older females 
and males, and implementation research carried out to improve HPV vaccine coverage.  
 


• For global equity and considering the improving supply situation, SAGE recommends all countries 
urgently introduce the HPV vaccine for the primary target of 9-14-year-old girls and, where feasible 
and affordable, to prioritize catching-up missed girls through multi-age cohort (MAC) vaccination. 
Introducing the vaccination of boys and older females should be postponed until the global supply 
situation is fully unconstrained. 


 


Implementation 
considerations 


 
SAGE is deeply concerned about the low HPV vaccine coverage in many countries and the gap with 
the 2030 90% coverage target needed for elimination. The ultimate aim of the HPV vaccination 
programme should be to reach the highest level of population protection and vaccine coverage 
among girls before they become 15 years of age with at least one dose of HPV vaccine, irrespective 
of the schedule. Multiple opportunities should be created to allow girls at any age before 15 years to 
receive at least one dose and catch up to ensure highest possible population protection.  
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Monitoring and 
evaluation 


 
WHO recommends the continuous monitoring of immunization coverage. To measure the impact on 
cancer incidence, cancer registries should be strengthened. 


Research priorities 


 
• Evidence on reduced dose schedules of HPV vaccine for immunocompromised and HIV+ populations, 


including on the HPV immune response in individuals who received a single dose prior to HIV 
seroconversion; 


• Evidence for new and pipeline vaccines on immunobridging to vaccines for which efficacy data on 
single dose is available, at both peak titre and at 24 months;  


• Implementation research to improve HPV vaccine coverage, including among HIV+ populations. 
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Annex 1:    Table 1.4. GRADE evidence profile for single dose HPV vaccine compared with no vaccine for HPV infection, 
seroconversion, and antibody titers (Source:  Systematic review Cochrane Response, 2022) 
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Strategic Advisory Group of Experts (SAGE) on Immunization Evidence to recommendations framework25 


 
25 This Evidence to Recommendation table is based on the DECIDE Work Package 5: Strategies for communicating evidence to inform decisions about health system and public health interventions. 


Evidence to a recommendation (for use by a guideline panel). http://www.decide-collaboration.eu/WP5/Strategies/Framework 
26  The recommendations contained in this publication are based on the advice of independent experts, who have considered the best available evidence, a risk–benefit analysis and other factors, as 
appropriate. This publication may include recommendations on the use of medicinal products for an indication, in a dosage form, dose regimen, population or other use parameters that are not 
included in the approved labelling. Relevant stakeholders should familiarize themselves with applicable national legal and ethical requirements. WHO does not accept any liability for the procurement, 
distribution and/or administration of any product for any use. 


 


Question:   Should an off label26, permissive one dose HPV vaccine schedule for use in the routine and/or multi-age cohort (MAC) 


catch up strategies be recommended?   


Population: Main population is pre-adolescent and adolescent girls (9-14 years old), but boys and older adults are also included. 
Intervention:  Single dose vaccination; bivalent (Cervarix and Cecolin), quadrivalent (Gardasil), and nonavalent vaccines (Gardasil 9). 
Comparison(s):  2 doses of HPV vaccination 
Outcome:   
Clinical outcome: including, but not limited to invasive cervical, vaginal, vulval, anal, penile or head and neck cancer; cervical 
intraepithelial neoplasia (CIN) grade 3+; CIN2+; histological and cytological abnormalities; anogenital warts; high risk HPV infection 
(genotype-specific prevalence, incidence and/or persistence)  
Immunological outcome; seroconversion or seropositivity; geometric mean titers (GMT) of HPV antibodies  
 


Background:  As of March 2022, 117 countries introduced HPV vaccine in their national immunization schedules, but these countries 
represent only a third of the global population of girls and 40% of the global burden of cervical cancer. 
 
In October 2019, SAGE reviewed the evidence on a single dose of HPV vaccines to protect 9-14-year-old girls, the primary target 
population, against cervical cancer. SAGE concluded the quality and amount of evidence was insufficient for this policy decision and 
that the evidence from the purposefully designed single dose randomized control trials (RCTs) was required to inform policy 
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decisions.  Several of the RCTs and effectiveness studies designed to assess single dose schedules have started to generate interim 
results during 2021. 
 
In November 2020, the World Health Assembly adopted the Global Strategy towards the elimination of cervical cancer. The strategy 
calls on each country to introduce HPV vaccination by 2030 and set a target of 90% of girls fully vaccinated with HPV vaccine by age 
of 15. HPV vaccine coverages are below the target of 90% in the majority of countries and the observed high drop out between the 
first and the second dose indicate programmatic challenges.  
  
Programmatic challenges to introducing the vaccine include high cost and supply constraints. The latter have affected in particular 
Low and Middle income countries since 2018 and led to delayed introductions and delayed or canceled multi age cohort catch up 
strategies in GAVI eligible countries.  
 


 CRITERIA JUDGEMENTS RESEARCH EVIDENCE ADDITIONAL INFORMATION 


P
R


O
B


LE
M


 


Is the problem 
a public health 
priority? 


No 
Un-


certain 
Yes 


Varies by 
setting 


 
HPV infection with oncogenic HPV types causes 
an estimated 604,000 cases of cervical cancer 
worldwide (Globocan, 2020). HPV infection also 
causes a proportion of cancers of the anus, the 
oropharynx, the vulva and vagina, and of the 
penis. Of HPV-associated cancers, HPV types 16 
and 18 are associated with 85% of HPV-related 
head and neck cancers and 87% of anal cancers 
– the second and third most frequent HPV-
related cancers with, respectively, 38 000 and 
35 000 estimated cases per year.  Martel et al., 
Int. J. Cancer: 141, 664–670 (2017) VC 2017 
 
Anogenital HPV infection can result in benign 
skin and mucosal tumors, including anogenital 
warts in men and women. The estimated 
median annual incidence of new anogenital 


 


☐ ☐ ☒ ☐ 
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warts was 137 per 100 000 men and 121 per 
100 000 women. (Patel H et al. Systematic 
review of the incidence and prevalence of 
genital warts. BMC Infectious Diseases, 
2013;13:39) 


B
EN


EF
IT


S 
&


 H
A


R
M


S 
O


F 
TH


E 
O


P
TI


O
N


S 


Benefits of the 
intervention 
 
Are the 
desirable 
anticipated 
effects large? 
 
 


No 
Un-


certain 
Yes Varies 


Recent data show that single dose HPV vaccine 
is highly efficacious (VE > 95%) in a RCT among 
15 to 20 year old population (Kenshe RCT, 
Barnabas et al. 2021), and showed similar 
efficacy compared to 2 or 3 doses of HPV 
vaccine in 10-18 year old girls in a post RCT 
follow up study (IARC India, 2021, Basu et al. 
2021).   
 
See the summary table of Systematic Review by 
Cochrane Group. (see the Cochrane Systematic 
Review) 
 
Modeling suggests that under an elimination 
scenario (all countries introduce by 2030 and 
90% of girls vaccinated with 2 doses of HPV 
vaccine by age15) vaccination can prevent 
more than 61 million cases of cervical cancer 
over the next century (Brisson 2020).   
If future evidence from RCTs comparing 1 vs 2 
doses do not confirm non-inferiority and 1 dose 
would have marginally lower protection at 
individual level, higher one dose coverage and 
any resulting herd protection would likely 
result in a larger public health impact (Prem, 
Brisson 2021).   


 
 


☐ ☒ ☐ ☐ 
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Future improvements in quality and coverage 
of cervical cancer screening and treatment 
programmes may mitigate any lower 
protection from a single dose.   
 
There is no immune correlate of protection. 
Direct evidence on the duration of protection 
exists for the time vaccines have been licensed 
(2006). There is evidence that the immune 
response is stable for a period up to 11 years 
for a single dose (Costa Rica, CVT data. Kreimer 
et al., 2020). Similar to other schedules (2 or 3 
dose), it is unknown whether a booster dose is 
beneficial. 


Harms of the 
intervention 
 
Are the 
undesirable 
anticipated 
effects small?  


No 
Un-


certain 
Yes Varies  


Since licensure in 2006, over 500 million doses 
of HPV vaccines have been distributed. The risk 
of anaphylaxis has been characterized as 
approximately 1.7 cases per million doses. No 
other serious adverse reactions have been 
identified and HPV vaccines have an excellent 
safety profile (GACVS 2017). 
 
The safety of HPV vaccine has been confirmed 
by GACVS and informed by data from large, 
high-quality datasets from post surveillance 
systems (see the GACVS Report). 
https://www.who.int/groups/global-advisory-
committee-on-vaccine-safety/topics/human-
papillomavirus-vaccines/safety 
 


Furthermore, by reducing the number of doses 
to a single dose the existing risk will be 
diminished.  


 


☐ ☐ ☒ ☐ 
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Balance 
between 
benefits and 
harms 


Favours 
inter-


vention 


Favours 
com-


parison 


Favours 
both 


Favours 
neither 


Unclear 
The benefits of protection against all HPV 
related diseases, cervical but also other forms 
of cancers and genital warts, outweigh any 
harm that may arise from vaccination (e.g., 
pain during immunization, AEFIs) 
 


 


☐ ☐ ☒ ☐ ☐ 


What is the 
overall quality 
of this 
evidence for 
the critical 
outcomes? 


Effectiveness of the intervention As per the Grade table (attached) 
The quality of evidence on non-inferiority (1 vs 
2 doses (IARC India post RCT follow up, Basu et 
al., 2021 and CVT; Kreimer et al 2020) is low.  
However, VE outcomes are comparable to high 
quality 0 vs 1 dose RCT data (Kenshe RCT, 
Barnabas et al.2021).  
 
A growing number of lower quality observation 
studies confirm the findings from intervention 
studies.  Studies that apply buffer periods in 
the analysis (excluding participants that did not 
have sufficient time between vaccination date 
and outcome measurement date) and studies 
which adjusted for the most confounding (i.e., 
studies at the least risk of bias) were more 
likely to report smaller differences in effect 
between one and two doses.  
 
The very high and comparable efficacy (97.5%) 
from high quality single dose 0 vs 1 RCT lend 
further weight. 


 
No 


included 
studies 


Very 
low 


Low 
Mod-
erate 


High 


☐ ☐ ☒ ☐ ☐ 


 
Safety of the intervention 


No 
included 
studies 


Very 
low Low Mod-


erate High 


☒ ☐ ☐ ☐ ☒ 
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(see the Cochrane Response Systematic 
Review)   
 
High quality safety data based on large, high 
quality datasets from post-marketing 
surveillance systems  
https://www.who.int/groups/global-advisory-
committee-on-vaccine-safety/topics/human-
papillomavirus-vaccines/safety 
 


V
A
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 &
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R
EF


ER
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C
ES


 


How certain is 
the relative 
importance of 
the desirable 
and 
undesirable 
outcomes? 
 
 


Importa
nt 


uncertai
nty or 


variabili
ty 


Possibly 
importa


nt 
uncertai


nty or 
variabili


ty 


Probabl
y no 


importa
nt 


uncertai
nty or 


variabili
ty 


No 
importa


nt 
uncertai


nty or 
variabili


ty 


No 
known 
undesir


able 
outcom


es 


There is no uncertainty about the value placed 
on prevention of cervical cancer and high 
acceptance of the vaccination as indicated by 
high coverage achieved in many programs 
(Bruni et al., 2021) 
 
There is uncertainty about the duration of 
protection because no direct evidence on the 
duration of protection beyond 16 years (for 
several decades) exists for HPV vaccines and 
there is no immune correlate of protection.  
 
There is evidence that the immune response is 
stable for a period up to 11 years for a single 
dose (Costa Rica, CVT RCT. Kreimer et al 2020). 
Similar to other schedules (2 or 3 dose), it is 
unknown whether a booster dose is beneficial. 
 
In some geographies vaccine hesitancy and fear 
of infertility or other alleged AEFIs affects 
vaccine uptake.  While the risk of infertility, or 
observed rare conditions such as CRPS or POTS, 
are not uncertain (there is no increased risk or 


 


☐ ☐ ☒ ☐ ☐ 
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causal link to HPV vaccination according to 
GACVS), it has proven to strongly affect vaccine 
uptake and acceptance of some programmes.    
 
The existence of - or the potential development 
of - high performing cervical cancer screening 
and treatment programmes using high quality 
tests, may mitigate any residual risk or lower 
protection after a single dose   
   


Values and 
preferences of 
the target 
population: 
Are the 
desirable 
effects large 
relative to 
undesirable 
effects? 


No 


Pro
babl


y  
No 


Unc
erta


in 


Pro
babl


y 
Yes 


Ye
s 


Varie
s 


Large benefits can be obtained relative to the 
potential undesirable effects. Reducing the 
number of  required doses to a single dose 
while obtaining a similarly large benefits in 
terms of cancer cases averted is preferred by 
vaccinees as well as by immunization 
programmes. It leads to reduction in individual 
and programme level costs while further 
reducing the risk of pain and AEFIs.   


 


☐ ☐ ☐ ☒ ☐ ☐ 


R
ES


O
U


R
C


E 
U


SE
 


Are the 
resources 
required 
small? No 


Un-
certain 


Yes Varies  


HPV vaccine is relatively costly compared to 
traditional vaccines. In addition, vaccine 
delivery cost has been demonstrated to be high 
for HPV vaccines. (Jit. M, 
2021.https://doi.org/10.1016/j.jval.2020.07.01
2) A reduction from two doses to a single dose 
per eligible girl will lead to considerable 
programme savings.  
 
Supply constraints have affected programme 
options  (WHO Global HPV market study Nov 
2020) 
 


. 


☐ ☐ ☒ ☐ 
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From an immunization programme perspective, 
the intervention will not require additional 
costs and lead to cost reductions in vaccines, 
human resource time and complexity 
(registration, tracking).   
 
From the perspective of the beneficiaries, 
adolescent girls and parents, a single dose will 
reduce any financial costs due to transportation 
and other opportunity costs. 
 


Cost-
effectiveness 


No 
Un-


certain 
Yes Varies 


Cost effectiveness studies have shown that HPV 
vaccine is cost-effective intervention in various 
country settings (Abbas et al., 2020.) .  
These cost effectiveness data are not only 
based on older vaccine prices (average HPV 
dose price is going down) but also based on the 
need for 2 doses.  Cost effectiveness of a single 
dose schedule is therefore higher. 


 


☐ ☐ ☒ ☐ 


EQ
U


IT
Y


 


What would 
be the impact 
on health 
inequities? 


Increa-
sed 


Un-
certain 


Re-
duced 


Varies 
Currently, two thirds of the global cohort of 
eligible girls lack access to HPV vaccines. They 
live in low- and middle-income countries that 
represent 60% of cervical cancer disease 
burden. 
 
A single dose can lead to earlier access to HPV 
vaccines (more girls can be reached with the 
current limited supply of vaccines in the short 
run) as it would reduce supply constraints. By 
making HPV introduction more affordable for 
low-income countries, immunization 
programmes may decide to advance 
introductions and protect more girls earlier, 
thereby reducing health inequities. 


 


☐ ☐ ☒ ☐ 
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A
C


C
EP


TA
B


IL
IT


Y
 


Which option 
is acceptable 
to key 
stakeholders 
(Ministries of 
Health, 
Immunization 
Managers)? 


Inter-
venti


on 


Com
paris


on 
Both 


Neit
her 


Un-
clear 


A small-scale informal survey among EPI 
programmes from low and middle income 
setting with current and planned HPV 
programmes (survey carried out between July 
and October 2021 for WHO SAGE) indicated 
that a majority would consider adoption of a 
one dose recommendation for MAC on 
programmatic grounds.  This survey did not ask 
specifically about a scenario to lower the 
routine cohort to 1 dose. SAGE & WHO policy 
endorsement was mentioned as an important 
criterion for NITAG decisions.   
 


 


. 


☒ ☐ ☐ ☐ ☐ 


Which option 
is acceptable 
to target 
group? 


Inter-
venti


on 


Com
paris


on 


Both 
Neit
her 


Un-
clear 


A study from Tanzania among participants in a 
1 vs 2 dose trial (Mitchell et al., 2021 
10.1016/j.tvr.2021.200217) indicated that most 
participants entrusted decisions about the 
number of HPV vaccine doses to experts. 
Random allocation to the different dose groups 
did not feature highly in the decision to 
participate in the trial. Given a hypothetical 
choice, girls generally said they would prefer 
fewer doses in order to avoid the pain of 
injections. Parental views were mixed, with 
most wanting whichever dosing was most 
efficacious. Nonetheless, some parents 
equated a higher number of doses with greater 
protection. 


 


 


☐ ☐ ☒ ☐ ☐ 


FE
A


SI
B


IL
IT


Y
 


Is the 
intervention No 


Pro
bab
ly 


Un-
cer


Pro
ba
bly 


Yes 
Varie


s 


As per March 2022, 117 countries have 
introduced HPV vaccine in the national 
immunization programme at 2- or 3 doses 
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feasible to 
implement? 
 
 
 
 
 


No tai
n 


Yes schedules successfully. Single dose vaccine 
programmes would be easier and more 
efficient. 
 
In the informal survey among EPI programmes 
from low and middle income setting with 
current and planned HPV programmes carried 
out between July and October 2021 for WHO 
SAGE, a majority considered 1 dose vaccination 
feasible.  
 
Experience with reduction in the HPV vaccine 
schedule exists. Following a policy change in 
2014 (WHO HPV position paper, 2014) nearly 
all countries in the world switched successfully 
from 3 to 2 dose routine schedules, most within 
3 years.  
 


 
 
 
 
 
 
 


☐ ☐ ☐ ☐ ☒ ☐ 


Balance of 
consequences 


Undesirable 
consequences  


clearly 
outweigh  
desirable 


consequences 
in most settings 


Undesirable 
consequences 


probably outweigh  
desirable 


consequences 
in most settings 


 


The balance between  
desirable and undesirable 


consequences  
is closely balanced or 


uncertain 


 


Desirable consequences  
probably outweigh  


undesirable 
consequences 


in most settings 


 


Desirable consequences  
clearly outweigh  


undesirable 
consequences 


in most settings 


☐ ☐ ☐ ☐ ☒ 
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Type of 
recommendation 


We 
recommend 


the 
intervention 


We suggest considering recommendation of the 
intervention 


 


We recommend the 
comparison 


We recommend 
against the 


intervention 
and the comparison 


 


☒ ☐ Only in the context of rigorous research  ☐ 


 


☐ 


 
☐ Only with targeted monitoring and evaluation 


☐ Only in specific contexts or specific (sub)populations 


Recommendation 
(text) 


    


• To achieve the goals of the global strategy for cervical cancer elimination, SAGE recommends HPV 
vaccination for the primary target of 9-14-year-old girls, prior to sexual debut.  National 
immunization programmes can use either a two-dose or a single-dose vaccination schedule.  
 


• The option of a single-dose HPV vaccination schedule for routine and multi age cohort (MAC) catch-
up vaccination in the primary target population is based on the very high vaccine efficacy of a single 
dose of HPV vaccine (97.5%) in girls up to 20 years of age observed in a high-quality RCT.  
 


• This off-label option is recommended from a public health perspective because it provides 
comparable and high levels of individual protection, while being more efficient (fewer doses per 
cancer case prevented), easier to implement and less resource-intensive than a two-dose schedule.  
Modelling based on a single dose schedule predicts that the resulting herd protection would largely 
compensate for any theoretical difference in efficacy compared with two doses. If a single dose 
schedule allows higher population coverage, then it has the potential to avert more cases of cervical 
cancer. 
 


• A single-dose schedule can be considered for HPV vaccine products for which satisfactory efficacy 
and/or immunobridging data for a single-dose schedule are available. New and pipeline vaccines 
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should generate evidence on peak and 24-month immunogenicity bridged to vaccines with proven 
single-dose efficacy. 
 


• Since the single-dose efficacy data comes from a RCT and post RCT follow up study involving girls up 
to age 20 years, either a two-dose or one-dose schedule can also be used for the vaccination of 
those who are 15-20 years old.  
   


• For those older than 20 years, a reduced, two-dose schedule (instead of 3 doses previously) with a 
minimum interval of 6 months between doses can be used. Data on immunogenicity and efficacy 
from a post RCT follow up study gives confidence that this reduced-dose schedule will provide 
protection. 


 


• It is uncertain whether immunocompromised individuals will be protected adequately by reduced 
dose schedules. Until further evidence is available, immunocompromised persons, irrespective of 
age, should be prioritized and should receive at least two doses but ideally three doses if 
programmatically feasible. 
 


• SAGE recommends as a priority adequately powered trials with reduced dose schedules in 
immunocompromised individuals to generate evidence on the immunogenicity, efficacy and 
duration of protection, including on the serum antibody titer response in individuals who have 
received a single-dose HPV vaccine prior to HIV seroconversion. 
 


• Additional evidence should also be generated on reduced-dose schedules in boys and older females 
and males, and implementation research carried out to improve HPV vaccine coverage.  
 


• For global equity and considering the improving supply situation, SAGE recommends all countries 
urgently introduce the HPV vaccine for the primary target of 9-14-year-old girls and, where feasible 
and affordable, to prioritize catching-up missed girls through multi-age cohort (MAC) vaccination. 
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Introducing the vaccination of boys and older females should be postponed until the global supply 
situation is fully unconstrained. 


 


Implementation 
considerations 


• SAGE is deeply concerned about the low HPV vaccine coverage in many countries and the gap with 
the 2030 90% coverage target needed for elimination. The ultimate aim of the HPV vaccination 
programme should be to reach the highest level of population protection and vaccine coverage 
among girls before they become 15 years of age with at least one dose of HPV vaccine, irrespective 
of the schedule. Multiple opportunities should be created to allow girls at any age before 15 years to 
receive at least one dose and catch up to ensure highest possible population protection.  


Monitoring and 
evaluation 


WHO recommends the continuous monitoring of immunization coverage. To measure the impact on 
cancer incidence, cancer registries should be strengthened.  A proximal health outcome that can be 
monitored to evaluate the impact of a single dose regime could be the incidence of genital warts if 
vaccines protecting against HPV types 6 and 11 are used. 


Research priorities 


 
• Evidence on reduced dose schedules of HPV vaccine for immunocompromised and HIV+ populations, 


including on the HPV immune response in individuals who received a single dose prior to HIV 
seroconversion; 


• Evidence on reduced dose schedules of HPV vaccine in boys and older populations; 


• Evidence for new and pipeline vaccines on immunobridging to vaccines for which efficacy data on 
single dose is available, at both peak titre and at 24 months; 


• Further evidence on the duration of protection (immunogenicity) and efficacy induced by HPV 
vaccines in the longer term and impact on health outcomes (pre-cancers and invasive cancers); 


• Implementation research to improve HPV vaccine coverage, including among HIV+ populations. 
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Annex 1 Grade Table 1 vs 2 doses (source: Systematic Review, Cochrane Response 2022) 
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Executive summary 
This is an update of a systematic review conducted by Cochrane Response for the WHO in 


December 2019. The data in this report are current to January 2022, when the most recent 


literature search was performed. 


Details of the review methodology, the included studies, the risk of bias assessments, and the 


results for clinical and immunological outcomes are provided in the report below and 


accompanying appendices. Recommended methods from the Cochrane Handbook were 


followed to complete the review and the certainty of the evidence for selected outcomes was 


assessed using GRADE methodology. 


We included 24 new studies for a total of 59 included studies. This latest update of the review 


now includes data from two published and two unpublished randomised controlled trials 


(RCTs) which evaluated the efficacy of one dose of licensed HPV vaccine. In addition, there are 


four post-hoc follow-up studies of RCTs, one single arm trial, and 50 observational studies. All 


studies reported data on one dose of bivalent (Cervarix), quadrivalent (Gardasil), nonavalent 


(Gardasil9) or bivalent (Cecolin) HPV vaccine for immunogenicity or clinical outcomes. Only two 


studies were identified which assessed the efficacy of one dose of HPV vaccine in males. One 


study evaluating one dose of HPV vaccine in people living with HIV was also summarised, along 


with three studies evaluating the interchangeability of HPV vaccines in a two -dose schedule. 


The risk of bias in all included studies was assessed using either the Cochrane Risk of Bias 2.0 tool 


for RCTs, the ROBINS-I tool for observational studies, or the SIGN-50 checklist for case-control 


studies. The risk of bias was considered lowest for the RCTs, for post-hoc analyses of RCTs it was 


considered moderate, and most observational studies were at serious risk of bias.  


The main findings of the review are summarised below: 


One dose HPV vaccine compared with no vaccine  


Immunogenicity 


➢ There was high certainty evidence that one dose of HPV vaccine resulted in higher GMTs for 


HPV 16 and 18 than no vaccine and this was sustained for up to 5 years. 


➢ There was high certainty evidence that one dose of HPV vaccine resulted in higher 
seropositivity to HPV 16 and 18 than no vaccine and this was sustained for up to 11 years. 


HPV infections 


➢ There was high certainty evidence that one dose HPV vaccine resulted in a large reduction 


in persistent HPV 16/18 infections compared with no vaccine over the short term (up to 18 
months follow-up). 


➢ There was moderate certainty evidence that one dose HPV vaccine resulted in a reduction in 
persistent HPV 16/18 infections compared with no vaccine over the long term (up to 10 
years). 


➢ The evidence suggested that one dose of HPV vaccine may reduce prevalence of HPV as well 
as incident HPV infections compared with no vaccine. 


Other clinical outcomes 
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➢ Evidence suggests that one dose of HPV vaccine may reduce the incidence of genital warts 


compared with no vaccine, but this is based on observational studies at serious risk of bias.  


➢ Evidence on one dose of HPV vaccine on the incidence of abnormal cytology or CIN is limited 
and based on observational studies at serious risk of bias. 


➢ Estimates of effect on clinical outcomes from observational studies were affected by the age 


of participants and the length of the buffer period used.  


 


One dose compared with two or three doses HPV vaccine 


Immunogenicity 


➢ There was high certainty evidence that one dose of HPV vaccine resulted in lower GMTs for 


HPV 16 and 18 than two or three doses and this was sustained for up to 5 years. 


➢ There was high certainty evidence that one, two or three doses of HPV vaccine resulted in 
similarly high rates of seropositivity to HPV 16 and 18 and this was sustained for up to 11 
years. 


HPV infections 


➢ There was low certainty evidence that one dose of HPV vaccine resulted in little to no 
difference in persistent HPV 16/18 infections compared with two or three doses. 


Other clinical outcomes 


➢ There was limited evidence to show a difference between one dose of HPV vaccine and two 
or three doses of HPV vaccine on genital warts, abnormal cytology, or CIN.  


➢ The estimates of effect between one, two, and three doses of HPV vaccine come mostly from 


observational studies that are at serious risk of bias due to confounding. 


 


There is high certainty evidence in favour of one dose HPV vaccine compared with no vaccine in 


terms of immunogenicity and persistent infections in this systematic review update, due to the 


addition of RCT data. The results from observational studies should continue to be interpreted with 


caution due to the moderate to serious risk of bias in the included studies.  
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Introduction 
This is an update of a part of a systematic review and meta-analysis performed by Cochrane 


Response in 2019. This update focusses on single-dose and mixed dose administration of licensed 


HPV vaccines in females and males. This update was requested by the WHO Immunization, Vaccines, 


and Biologicals Department (IVB) to incorporate evidence from an updated search strategy (from 


March 2019 to January 2022) to inform future updates of the WHO HPV vaccines position paper.  


Objectives 
The objectives of this review update are to:  


• Synthesise and critically assess the evidence on the immunogenicity, efficacy, effectiveness, 


and impact of a single dose of HPV vaccine compared with (1) no vaccine, placebo, or control 


vaccine; (2) compared with two doses HPV vaccine; or (3) compared with three doses of HPV 


vaccine.  


• Identify and summarise evidence on the immunogenicity, efficacy, effectiveness, and 


impact of a single dose of HPV vaccine on people living with HIV 


• Identify and summarise evidence on the interchangeability of different HPV vaccines (i.e. a 


two-dose schedule of two different types of HPV vaccine).  


Methods 


Search methods 
We updated a systematic review performed by Cochrane Response in 2019. Searches were 


conducted for this update from March 2019 to January 2022, and all relevant studies regardless of 


language or publication status were screened.  


We searched the following databases: Cochrane Central Register of Controlled Trials (CENTRAL), 


published in The Cochrane Library; MEDLINE (PubMed); and EMBASE (OVID). We also searched the 


WHO International Clinical Trials Registry Platform and ClinicalTrials.gov, to identify ongoing trials. 


Search strategies are available in Appendix 1. We also searched the reference lists of relevant 


systematic reviews published within the search dates. Trialists of known ongoing studies were 


contacted for any relevant unpublished data. 


Selection criteria 
Randomised controlled trials (RCTs) and observational studies capable of providing data on the 


immunogenicity, efficacy, or effectiveness of one dose of HPV vaccine were eligible for inclusion. 


Studies on female and male participants aged ≥ 9 years, who received at least one dose of HPV 


vaccine were included.  
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The HPV vaccines being studied were licensed bivalent (Cervarix, GlaxoSmithKline), quadrivalent 


(Gardasil, Merck), nonavalent (Gardasil 9, Merck), and another bivalent HPV vaccine (Cecolin, 


Innovax).  


We considered studies that provided data on one-dose versus no HPV vaccination/placebo/control 


vaccine, one-dose versus two doses, or one-dose versus three doses of the licensed HPV vaccines. 


Studies of mixed schedules, where more than one vaccine type is used (i.e., interchangeability), were 


also included and summarised. 


The outcomes of interest were: 


• Immunological: seroconversion or seropositivity; geometric mean titres (GMT) of HPV 


antibodies 


• Clinical: including, but not limited to invasive cervical, vaginal, vulval, anal, penile, or head 


and neck cancer; cervical intraepithelial neoplasia (CIN) grade 3+; CIN2+; histological and 


cytological abnormalities; anogenital warts; high risk HPV infection (genotype-specific 


prevalence, incidence and/or persistence) 


Study selection and data collection 
Two review authors independently assessed eligibility of the newly identified studies from the 


updated search. One reviewer extracted data and a second reviewer cross-checked the extracted 


data.  


In this report, studies have been given names based upon the country in which they were based. As 


more than one study may have the same setting, each country-based name also has a number (See 


Appendix 2). 


Risk of bias assessment 
One reviewer independently assessed the risk of bias of each included study, and a second reviewer 


cross-checked assessment. If consensus could not be reached between the two reviewers, referral 


to a senior reviewer for a final decision was made.  


For RCTs we used the revised Cochrane Risk of Bias tool for RCTs. We assessed the effect of 


assignment to intervention at baseline (the 'intention‐to‐treat effect'), regardless of whether the 


interventions were received as intended. We assessed the risk of bias per outcome and comparison 


in the following domains: 1) risk of bias arising from the randomization process; 2) risk of bias due 


to deviations from intended interventions; 3) risk of bias due to missing outcome data; 4) risk of bias 


in measurement of the outcome; 5) risk of bias in selection of the reported result; 6) overall risk of 


bias based on the assessments in the five domains (Sterne 2019).  


In the Cochrane risk of bias tool there are a series of signalling questions within each domain that 


elicit information relevant to the assessment. The response options to the signalling questions are 


'yes,' 'probably yes,' 'probably no,' 'no,' and 'no information’. A risk of bias judgement arising from 


each domain is generated by an algorithm, based on answers to the signalling questions. 
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Judgements can be 'low risk of bias,' ‘some concerns’ or 'high risk of bias'. We considered the overall 


risk of bias to be low if all domains are at low risk; some concerns if at least one domain is of some 


concern and no domain is at high risk; and high risk of bias if there is at least one domain considered 


to be at high risk, or several domains with some concerns (Sterne 2019). 


For observational studies, we used the Cochrane ROBINS-I tool for non-randomised studies of 


interventions (ROBINS-I) to assess the risk of bias. The ROBINS-I tool covers domains relating to 


confounding, selection bias, information bias, and reporting bias (Sterne 2016).  


We have determined the most important confounding domains for the comparisons of interest using 


directed acyclic graphs (DAG) (Suttorp 2015). In the DAG we used variables derived from the 


adjustment and stratification variables in analyses of previously included studies, other variables 


mentioned in the discussion sections, and variables mentioned or arrived at in recently published 


systematic reviews on HPV vaccines (Drolet 2019, Markowitz 2018, Single Dose Consortium 2020), a 


follow-up observational study of participants in an RCT receiving fewer than three doses (Basu 


2021), and a living systematic review assessing risk of bias in observational studies on COVID 


vaccines (COVID NMA 2021).  


We consider the most important confounding domains to be age, sex, socioeconomic status, 


ethnicity, geographic location, preventive health seeking behaviour, sexual behaviour, and calendar 


time (to reflect changing incidence of virus, time since vaccine introduction). 


As part of the ROBINS-I tool, we assessed whether included studies adjusted for these confounders 


to produce unbiased estimates of effect when comparing groups.  


Using signalling questions, each domain within the ROBINS-I tool was judged as low, moderate, 


serious, or critical, with supporting information provided from the report or reviewer interpretation 


to rationalize the judgment of bias (Sterne 2016). Assessments were made by outcome and 


comparison. Judging a result to be at a particular level of risk of bias for an individual domain implies 


that the result has an overall risk of bias at least this severe.   


For the SIGN-50, each domain was judged as unclear, low, or high risk of bias, while each domain of 


the ROBINS-I was judged as low, moderate, serious, or critical risk of bias. For all assessments, 


supporting information was provided from the report or reviewer interpretation to rationalise the 


judgment of bias. Outcome-specific domains were assessed at the outcome level. Judging a result 


to be at a particular risk of bias for an individual domain implies that the result has an overall risk of 


bias at least this severe.   


Data analysis 
Risk ratios with 95% confidence intervals (CI) were calculated for dichotomous data (incidence of 


clinical outcomes, seroconversion or seropositivity). Rate ratios were calculated for dichotomous 


clinical outcomes reported as incidence rates. 


For continuous GMT data, ratios of GMTs with 95% CIs were calculated. Initially, the point estimates 


as well as the lower and upper bound of the 95% CI of GMT for each group were transformed into the 


logarithmic scale to obtain statistically correct standard deviations. Then the mean difference of the 
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compared group was calculated, and results (point estimate and 95% CI) were back transformed to 


the original scale through exponentiation.  


Feasibility for pooling data in a meta-analysis was assessed based on the outcomes reported, study 


characteristics, and age groups at vaccination and at outcome assessment. For all outcomes 


evaluated, there was sufficient heterogeneity in study characteristics that did not allow for sensible 


pooling of data, so meta-analysis was not performed. In addition, most of the included studies are 


based on linked data from national or regional registries. In studies from the same country there is 


potential for “double-counting” of participants or outcome events, which can lead to misleading 


estimates from meta-analyses. 


Sensitivity analysis 
From the previous systematic review in 2019, several sources of bias were identified in the included 


observational studies that reduced the certainty of the findings. To address this, a post-hoc 


sensitivity analysis was performed to investigate the effect of various sources of bias on effect 


estimates including the buffer period used (i.e. time between the vaccination and counting of 


events), the age at vaccination, and confounding. In this review, we have reported the buffer period 


used for all observational studies and present estimates of effect across different buffer periods 


when available. A sensitivity analysis considering studies that present effect estimates both adjusted 


for confounding and with a minimum of 12 months buffer period is reported. 


In some cohort studies evaluating the effects of one dose of HPV vaccine, a buffer period has been 


included in the analysis to correct for prevalent HPV infections at the time of immunisation. For 


studies which consider vaccination dose status as a time-varying exposure (i.e., participants can 


contribute follow-up time to more than one dose group), a buffer period can also be used to account 


for misattribution of events to the wrong dose status. 


A buffer period is important to consider in observational studies that begin counting of outcome 


events directly following vaccination. This can be incorporated into the analysis by excluding 


outcome events and follow-up time for a certain amount of time. A buffer period can, however, also 


be present in observational studies by design. In some studies it has been observed that there is a 


time-lag between HPV vaccination and measurement of outcomes, which occur years later (e.g. 


school-based vaccination at age 12-13 and first cervical screening occurring at age 20-21 in some 


countries). Application of a buffer period to the analysis was not considered necessary in the 


included randomised controlled trials (or post-hoc analyses of randomised trials) as all participants 


have a known dose status, randomisation should balance prevalent infections across groups (if this 


is not an exclusion criterion at baseline), and follow-up for all groups begins at the same time. 


Due to the lack of data available (i.e. events and denominators for different buffer periods were often 


not reported) we were unable to perform a more detailed analysis or reanalyse the data from the 


included studies. Some of the included studies also used a range of different buffer periods, 


highlighting that it is often unclear how long the buffer period should be for different outcomes. 


While it is important to exclude prevalent HPV infections when estimating the effectiveness of HPV 


vaccination from observational data, omitting data from the analysis can also potentially introduce 
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selection bias by excluding follow-up time (Sterne 2016). The results from these sensitivity analyses 


should be interpreted with caution. 


Summarising and interpreting results 
We used the GRADE approach to interpret findings and assess the certainty of the evidence for each 


outcome following the recommendations in the GRADE handbook. This incorporates details of each 


included study in the comparison, the magnitude of effect of the interventions examined, and the 


sum of available data on the relevant outcomes. The certainty of the evidence reflects the extent to 


which we are confident that an estimate of the effect is correct. 


Data from RCTs and observational studies starts at high certainty, but can be downgraded to 


moderate, low or very low certainty if there are serious or very serious limitations in the following 


domains: risk of bias, inconsistency, indirectness, or imprecision. 


The different levels of certainty that resulted from the GRADE assessment were interpreted as 


follows: 


➢ High certainty: further research is very unlikely to change our confidence in the estimate of 


effect. 


➢ Moderate certainty: further research is likely to have an important impact on our 


confidence in the estimate of effect and may change the estimate. 


➢ Low certainty: further research is very likely to have an important impact on our confidence 
in the estimate of effect and is likely to change the estimate. 


➢ Very low certainty: we are very uncertain about the estimate. 
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Results 


Results of the search 


For this update we screened 4984 records from the update search from February 2019 to 7 


January 2022, the search strategy is reported in Appendix 1 and the search and screening process 


in Figure 1. We included 24 new studies. This review now includes 59 studies, see Appendix 2 


for full list of references. There are several ongoing studies evaluating the efficacy of one dose 


of HPV vaccine, with results expected over the next few years, see Appendix 2.  


Characteristics of included studies 


We included four randomised trials, four post-hoc follow-up studies of RCTs, one single arm trial, 


and 50 observational studies that contained data on clinical or immunogenicity outcomes.  


The studies were carried out in 20 different countries. Eleven studies evaluated the bivalent 


Cervarix vaccine, 36 studies the quadrivalent Gardasil vaccine, 12 studies evaluated more than 


one type of vaccine, and one study evaluated the bivalent Cecolin vaccine. The characteristics 


of individual studies are presented in Appendix 3.  


Most studies included females only, four studies included both females and males (Canada4, 


Canada6, USA11, USA17), and two studies included only males (USA12, USA18).  


Only one study assessing single dose HPV vaccination included HIV infected and HIV exposed 


but uninfected females and males (USA17). This was a prospective cohort study that reported 


on immunogenicity, and abnormal cytology. 


Three studies reported on the efficacy or immunogenicity of a two-dose HPV vaccine schedule with 


more than one type of vaccine (interchangeability) (Canada4, Canada7, Fiji1). In addition, two post-


hoc studies pooled results from Canada4 and Canada7. 


Overall risk of bias ranged from low to some concerns for RCTs, mostly moderate for post-hoc RCT 


follow-up studies, and mostly serious to critical for observational, although there were some 


observational studies at moderate risk of bias because they measured and controlled for the most 


important confounders. An overview of risk of bias assessments are presented in Appendix 4-6. 


Effectiveness of single dose HPV vaccine  


 The following results of the systematic review include the most important outcomes from the 


included studies. Not all the included studies are represented in the forest plots that follow. Some 


studies did not report single dose data in a way that allowed inclusion in a forest plot. Data for 


additional outcomes that were considered less important for decision making are not included in 


this review report. The study names in the forest plots include the study design and the range of ages 


at vaccination. 
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Figure 1. Search and screening process – PRISMA flow chart 


 
 
 
 


 
 
 
 
 


 
 


 
 


 
 
 


 


 


 


 
 


 


 
 


 


 
 


 
 
 


 


 


 
 
 


 
 


 
 
 


 
*Other sources include data obtained by contacting authors of ongoing and completed but unpublished studies. 
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Comparison 1. Effectiveness and immunogenicity of 


one dose of HPV vaccine compared with no HPV 


vaccination 


Immunogenicity outcomes 


Four studies (Costa Rica1, Netherlands1, Fiji1, Mongolia1) reported on immunogenicity outcomes in 


women receiving one dose of HPV vaccine compared with HPV unvaccinated women. Following one 


dose of bivalent (Cervarix) vaccine, the ratio of GMTs for both HPV 16 and HPV 18 were in favour of 


the vaccine group and sustained over 72 months (Figure 1.1). Following one dose of quadrivalent 


(Gardasil) vaccine, the ratio of GMTs for HPV 6, 11, 16, and 18 were in favour of the vaccine group 


over 72 months (Figure 1.2). 


Seropositivity following one dose of HPV vaccine was consistently high (approaching 100%) for the 


vaccine types and sustained up to 11 years (see comparison 2 for data).  


There was high certainty evidence that one dose of HPV vaccine resulted in higher GMTs for HPV 16 


and 18, as well as higher seropositivity, and this was sustained for up to 5 years (see Evidence profile 


table 1.4).  


Figure 1.1 Immunogenicity – ratio of GMTs following bivalent (Cervarix) vaccine 
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Figure 1.2 Immunogenicity – ratio of GMTs following quadrivalent (Gardasil) vaccine 


 


 


Clinical outcomes – persistent HPV infection 


One randomised controlled trial (Kenya1) and two post-hoc analyses of RCTs (CVT/PATRICIA, India1) 


reported on prevalent HPV infections in women receiving one dose of HPV vaccine compared with 


HPV unvaccinated women. 


In the RCT (Kenya1), there was a large reduction in persistent HPV infections following one dose of 


bivalent (Cervarix) vaccine (Figure 1.3) with a vaccine efficacy (VE) of 97.5% (95% confidence interval 


81.6% to 99.7%) over 18 months of follow-up. In absolute terms this was a reduction of 74 fewer 


persistent HPV16/18 infections per 1000 women (95%CI from 76 fewer to 61 fewer). 


The same RCT (Kenya1) also showed a large reduction in persistent HPV infections following one 


dose of nonavalent (Gardasil9) vaccine (Figure 1.4). For HPV 16/18 infections the VE was 97.5% 


(95%CI 81.7% to 99.7%) and for HPV 16/18/31/33/45/52/58 infections VE was 88.9% (95%CI 68.5% to 


96.1%) over 18 months. In absolute terms this was a reduction of 74 fewer persistent HPV 16/18 


infections per 1000 (95%CI from 76 fewer to 62 fewer) and 88 fewer persistent HPV 


16/18/31/33/45/52/58 infections per 1000 (95%CI from 96 fewer to 65 fewer). 
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Figure 1.3 Persistent HPV infections following bivalent vaccine (Cervarix) – RCT 


 


 
Figure 1.4 Persistent HPV infections following nonavalent vaccine (Gardasil9) – RCT 


 


 
The post-hoc RCT analyses (CVT/PATRICIA) showed similar results, a very large reduction in 6- and 


12-month persistent HPV 16/18 infections following one dose of bivalent (Cervarix) vaccine after 4 


years follow-up (Figure 1.5). The effects for persistent HPV 31/33/45 infections (cross-protective 


types) were in favour of one dose but the CI crossed the line of no effect. 


One dose of quadrivalent (Gardasil) vaccine also resulted in a large reduction of persistent HPV 16/18 


infections and persistent HPV 6/11/16/18 infections after a 10-year follow-up (Figure 1.6). The effects 


for persistent HPV 6/11 and HPV 31/33/45 infections were in favour of one dose but the CI crossed 


the line of no effect. 


The evidence for one dose HPV vaccine compared with no vaccine on persistent HPV 16/18 infections 


was considered of moderate to high certainty (see Evidence profile table 1.4). 
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Figure 1.5 Persistent HPV infections following bivalent vaccine (Cervarix) – post-hoc RCT analyses 


 


 
Figure 1.6 Persistent HPV infections following quadrivalent vaccine (Gardasil) - post-hoc RCT 
analyses 


 


 


Clinical outcomes – prevalent and incident HPV infection 


A community RCT (Thailand1) evaluating the effectiveness of one dose of bivalent (Cervarix) vaccine 


on HPV 16/18 prevalence reported an adjusted VE of 86.4% (47% to 100%) in high school students 


and an adjusted VE of 74.3% (56.5% to 85.9%) in vocational school students after a two-year follow-


up (unpublished data).  


Additional data on prevalent and incident HPV infections following one dose of vaccine come from 


post-hoc analyses of RCTs (Costa Rica1, India1) and observational studies (Scotland 1, Scotland4, 


Scotland5, Mongolia1, USA18, USA25). 
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For prevalent HPV 16/18 infections following bivalent (Cervarix) vaccine, one study (Costa Rica1) 


reported a VE of 82.1% (40.2% to 97%) after 11 years follow-up (Figure 1.7). Adjusted estimates from 


the Scotland studies (Figure 1.8) resulted in VE that ranged from 27.6% to 55%. 


For incident HPV 16/18 infections the effect was non-significant following one dose bivalent 


(Cervarix) vaccine (Figure 1.9) but a VE of 63.5% (51.2% to 73.1%) after 10 years follow-up following 


one dose of quadrivalent (Gardasil) vaccine (Figure 1.10). 


Figure 1.7 Prevalent HPV infections following bivalent vaccine (Cervarix) – post-hoc RCT analyses  


 


 
Figure 1.8 Prevalent HPV infections following bivalent vaccine (Cervarix) – observational studies, 


adjusted data  
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Figure 1.9 Incident HPV infections following bivalent vaccine (Cervarix) – post-hoc RCT analyses 


 


 
Figure 1.10 Incident HPV infections following quadrivalent vaccine (Gardasil) - post-hoc RCT analyses 
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Figure 1.11 Incident HPV infections following quadrivalent vaccine (Gardasil) – observational 


studies, unadjusted data 


 


Clinical outcomes – genital warts 


There were 11 observational studies that reported the effect of one dose quadrivalent (Gardasil) 


vaccine on genital warts (Figure 1.12). The studies were not pooled due to reporting different types 


of estimates (i.e. VE, HR, RR, IRR, IRD) and potential overlapping populations between the Denmark, 


Spain, and USA studies. Most studies were at serious risk of bias due to residual confounding and 


the unadjusted results were inconsistent regarding the effect of one dose. USA2 was considered at 


moderate risk of bias due to the use of propensity score weighted hazard ratios to control for 


confounding. 


Nine studies reported effect estimates adjusted for confounding across different age groups (Table 


1.1). When a sensitivity analysis was applied, including only studies with adjusted estimates 


calculated after a 12-month buffer period, three studies remained (Canada3, Sweden1, USA2). The 


Canada3 study reported an adjusted hazard ratio (HR) for those vaccinated between 9-18 years of 


0.6 (95%CI 0.2 to 1.8) and for those vaccinated over 19 years of 3.7 (95%CI 2.1 to 6.8). The Sweden1 


study reported adjusted incidence rate ratios (IRR) of 0.33 (95%CI 0.24 to 0.44) for those vaccinated 


between 10-19 years (10-16 years IRR 0.24 (95%CI 0.15 to 0.39); 17-19 years IRR 0.42 (95%CI 0.29 to 


0.62). The USA2 study reported a propensity score weighted HR of 0.32 (95%CI 0.20 to 0.52) following 


a 12-month buffer. All these estimates were in favour of one dose compared with no vaccine. 
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Figure 1.12 Genital warts following quadrivalent vaccine (Gardasil) – observational studies, 


unadjusted data 


 


 


Table 1.1 Adjusted estimates of effect for genital warts following one dose quadrivalent (Gardasil) 


vaccine 


Study Age at vaccination Buffer period Adjusted estimate (95% CI) * 


Spain2 14-19 years no buffer RR 0.39 (0.13 to 0.8) 


Spain3 All ages no buffer RR 0.25 (0.08 to 0.56) 


Denmark4 12-14 years 1 month IRR 0.29 (0.22 to 0.38)  


Denmark4 15-16 years 1 month IRR 0.38 (0.29 to 0.49) 


Denmark4 17-18 years 1 month IRR 0.56 (0.42 to 0.73) 


Denmark4 > 19 years 1 month IRR 1.36 (1.24 to 1.49) ** 


Denmark2 All ages 1 month IRR 0.51 (0.46 to 0.56) 


Belgium2 All ages 1 month VE 36.6% (-16.1% to 65.4%) 


USA11 < 15 years 3 months HR 0.80 (0.34 to 1.90) 


USA11 15-19 years 3 months HR 0.65 (0.49 to 0.85) 


USA11 > 19 years 3 months HR 0.96 (0.72 to 1.28) 


Sweden1 14-16 years 3 months IRR 0.33 (0.21 to 0.52) 


Sweden1 17-19 years 3 months IRR 0.71 (0.55 to 0.92) 


USA2 All ages 6 months HR 0.81 (0.60 to 1.08) 


USA2 All ages 12 months HR 0.32 (0.20 to 0.52) 


Canada3 9-18 years 12 months HR 0.6 (0.2 to 1.8) 


Canada3 > 18 years 12 months HR 3.7 (2.1 to 6.8) ** 


Sweden1 10-19 years 12 months IRR 0.33 (0.24 to 0.44) 


Sweden1 10-16 years 12 months IRR 0.24 (0.15 to 0.39) 


Sweden1 17-19 years 12 months IRR 0.42 (0.29 to 0.62) 
* Estimates in bold indicate reduced risk of genital warts after one dose. ** estimates indicate increased risk 


of genital warts after one dose. HR = hazard ratio; IRR = incidence rate ratio; RR = relative risk; VE = vaccine 


efficacy 
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Clinical outcomes – cytological outcomes 


There were 7 observational studies that reported the effect of one dose quadrivalent (Gardasil) 


vaccine on abnormal cervical cytology (Figure 1.13). All studies were at serious risk of bias due to 


residual confounding and the results were inconsistent regarding the effect of one dose.  


Six studies reported effect estimates adjusted for confounding across different age groups (Table 


1.2). When a sensitivity analysis was applied, including only studies with adjusted estimates 


calculated after a 12-month buffer period, two studies remained (Italy1, USA22). The Italy1 study 


reported an adjusted odds ratio (OR) of 0.57 (95%CI 0.32 to 1.00) for any abnormal cytology after 


applying a 12-month buffer. The USA22 study reported adjusted HRs of 1.09 (95%CI 0.48 to 2.45) for 


high grade cases in those vaccinated before 15 years of age, for those vaccinated between 15-19 


years HR 0.87 (95%CI 0.69 to 1.08), and those vaccinated over 20 years of age HR 1.07 (0.84 to 1.35), 


following a 12-month buffer. All estimates had confidence intervals that included no effect between 


one dose and no vaccine. 


Figure 1.13 Abnormal cytology following quadrivalent vaccine (Gardasil) – observational studies, 


unadjusted data 


 


 
Table 1.2. Adjusted estimates of effect for abnormal cytology following one dose quadrivalent 


(Gardasil) vaccine 


Outcome Study Age at 
vaccination 


Buffer 
period 


Adjusted estimate (95% 
CI) * 


Abnormal cytology Italy1 15-23 years No buffer OR 0.52 (0.30 to 0.91) 


USA1 All ages 1 month HR 1.05 (0.88 to 1.26) 


USA1 11-14 years 1 month HR 0.41 (0.10 to 1.63) 


USA1 15-16 years 1 month HR 1.45 (0.88 to 2.37) 
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USA1 17-18 years 1 month HR 1.03 (0.77 to 1.39) 


USA1 19-20 years 1 month HR 1.07 (0.81 to 1.42) 


Italy1 15-23 years 6 months OR 0.53 (0.30 to 0.93) 


Italy1 15-23 years 12 months OR 0.57 (0.32 to 1.00) 


High grade 


cytology 


Australia1 All ages No buffer HR 0.44 (0.32 to 0.59) 


Australia1 < 16 years No buffer HR 0.97(0.35 to 2.70) 


Australia1 17-19 years No buffer HR 0.48 (0.28 to 0.82) 


Australia1 20-23 years No buffer HR 0.45 (0.29 to 0.70) 


Australia3 All ages No buffer HR 0.85 (0.62 to 1.17) 


USA13 21-24 years No buffer RR 1.24 (0.73 to 2.11) 


USA22 < 15 years 12 months HR 1.09 (0.48 to 2.45) 


USA22 15-19 years 12 months HR 0.87 (0.69 to 1.08) 


USA22 > 20 years 12 months HR 1.07 (0.84 to 1.35) 


Low grade 
cytology 


Australia1 All ages No buffer HR 0.48 (0.40 to 0.58) 


Australia1 < 16 years No buffer HR 0.82 (0.43 to 1.55) 


Australia1 17-19 years No buffer HR 0.61 (0.46 to 0.82) 


Australia1 20-23 years No buffer HR 0.43 (0.32 to 0.58) 


Australia3 All ages No buffer HR 0.67 (0.59 to 0.76) 


USA13 <18 No buffer RR 0.48 (0.16 to 1.44) 


USA13 18-20 No buffer RR 0.72 (0.27 to 1.93) 


USA13 21-24 No buffer RR 2.20 (1.44 to 3.36) ** 
* Estimates in bold indicate reduced risk of abnormal cytology after one dose. ** estimates indicate 


increased risk of abnormal cytology after one dose. HR = hazard ratio; OR = odds ratio; RR = relative risk. 


 


Clinical outcomes – histological outcomes 


One post-hoc analysis of an RCT (Figure 1.14) and twelve observational studies (Figure 1.15, Figure 


1.16) reported on histological outcomes such as cervical intraepithelial neoplasia (CIN), or invasive 


cancer. 


The post-hoc RCT analysis (India1) reported little to no difference between one dose and no vaccine 


on these outcomes after 10-year follow-up. There were very few events reported in either group.  


Three studies from Scotland (Scotland1, Scotland2, Scotland6) reported adjusted OR for cases of 


CIN1, CIN2, or CIN3+ that showed little to no difference following one dose bivalent (Cervarix) 


vaccine. These studies included a minimum of two-year buffer from vaccination to outcome by 


design, but effects were imprecise, possibly related to the short follow-up and young age of women 


attending for cervical screening. 


Ten observational studies reported on CIN following one dose of quadrivalent (Gardasil) vaccine and 


reported estimates of effect adjusted for confounding (Table 1.3). When a sensitivity analysis was 


applied, including only studies with adjusted estimates calculated after a 12-month buffer period, 


four studies remained (Australia1, Australia4, USA21, USA22). Australia4 reported an adjusted HR of 


0.54 (0.38 to 0.76) for CIN2 after a 12-month buffer and 0.59 (0.39 to 0.89) after a 24-month buffer. 


USA21 reported an adjusted OR 0.53 (0.37 to 0.76) for CIN2+ after a 24-month buffer and USA22 an 


adjusted HR 0.64 (0.47 to 0.88) for CIN2+ following a 12-month buffer. Australia1 reported an 


adjusted HR of 0.56 (0.33 to 0.93) for CIN3 after applying a 12-month buffer and 0.39 (0.16 to 0.95) 


after a 24-month buffer. 


6.2_HPV


SAGE meeting April 2022 23







Single dose HPV vaccine systematic review  


24 


 


Figure 1.14 CIN (and invasive cancer) following quadrivalent vaccine (Gardasil) – post-hoc RCT 


analyses 


 


Figure 1.15 CIN following bivalent vaccine (Cervarix) – observational studies, adjusted data 
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Figure 1.16 CIN following quadrivalent vaccine (Gardasil) – observational studies, unadjusted data 


 


Table 1.3. Adjusted estimates of effect for histological outcomes following one dose quadrivalent 


(Gardasil) vaccine 


Outcome Study Age at 


vaccination 


Buffer 


period 


Adjusted estimate (95% 


CI) 


CIN1 Australia3 All ages No buffer HR 0.89 (0.56 to 1.41) 


CIN2 Australia1 All ages No buffer HR 0.98 (0.75 to 1.29) 


Australia1 <16 years No buffer HR 0.55 (0.13 to 2.27) 


Australia1 17-19 No buffer HR 0.66 (0.38 to 1.15) 


Australia1 20-23 No buffer HR 1.03 (0.69 to 1.54) 


Australia3 All ages No buffer HR 1.29 (0.76 to 2.20) 


Australia4 < 15 years No buffer HR 0.65 (0.52 to 0.81) 


Australia4 < 15 years 12 months HR 0.54 (0.38 to 0.76) 


Australia4 < 15 years 24 months HR 0.59 (0.39 to 0.89) 


CIN2+ Canada5 9-14 years No buffer RR 1.21 (0.43 to 2.86) 


USA9 14-21 years No buffer rate ratio 0.84 (0.68 to 1.03) 


Denmark/Sweden1 ≤16 y 6 months IRR 0.23 (0.01 to 5.24) 


Denmark/Sweden1 17-19 y 6 months IRR 0.58 (0.15 to 2.19) 


Denmark/Sweden1 20-29 y 6 months IRR 1.56 (1.13 to 2.15) ** 


Denmark3 all ages 6 months IRR 0.34 (0.13 to 0.87) 


USA22 < 15 years 12 months HR 0.87 (0.28 to 2.68) 


USA22 15-19 years 12 months HR 0.64 (0.47 to 0.88) 
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USA22 >=20 years 12 months HR 1.16 (0.89 to 1.52) 


USA21 12-26 years 24 months OR 0.53 (0.37 to 0.76) 


CIN3+ USA9 14-29 years No buffer rate ratio 0.90 (0.65 to 1.24) 


Australia3 All ages No buffer HR 1.40 (0.75 to 2.61) 


USA24 All ages No buffer RR 0.60 (0.50 to 0.73) 


Australia4 < 15 years No buffer RR 0.66 (0.41 to 1.06) 


Australia1 All ages No buffer HR 1.41 (1.12 to 1.77) ** 


Australia1 <16 years No buffer HR 1.20 (0.37 to 3.92) 


Australia1 17-19 No buffer HR 1.38 (0.89 to 2.15) 


Australia1 20-23 No buffer HR 1.30 (0.91 to 1.85) 


Denmark3 All ages 6 months IRR 0.38 (0.14 to 0.98) 


Australia1 All ages 12 months HR 0.56 (0.33 to 0.93) 


Australia1 All ages 24 months HR 0.39 (0.16 to 0.95) 


* Estimates in bold indicate reduced risk of CIN after one dose. ** estimates indicate increased risk of CIN after 


one dose. HR = hazard ratio; OR = odds ratio; RR = relative risk. 
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Evidence profile 1: Effectiveness and immunogenicity of one dose of HPV vaccine compared with no HPV 


vaccination 


Table 1.4. GRADE evidence profile for single dose HPV vaccine compared with no vaccine for HPV infection, seroconversion, and antibody titres 


 Certainty assessment № of patients Effect 


Certainty Comments 
№ of studies 


Risk of 


bias 
Inconsistency Indirectness Imprecision 


Other 


considerations 


Single dose 


bivalent HPV 


infection 


no vaccine 


Relative 


(95% 


CI) 


Absolute 


(95% CI) 


Persistent HPV 16/18 infections: short term follow-up, 18 months 


1 RCT not 


serious1 


not serious not serious not serious2 none 2/985 (0.2%) 36/473 (7.6%) RR 0.03 


(0.01 to 


0.11) 


74 fewer 


per 1000 


(from 75 


fewer to 


68 fewer) 


⨁⨁⨁⨁ 
High 


Kenya1 (KEN-SHE), 


bivalent (Cervarix) and 


nonavalent (Gardasil 9), 


15-20 years old at 


vaccination 


Persistent HPV 16/18 infections: long term follow-up, 4-10 years 


2 post-hoc 


analyses of 


RCTs 


serious3 not serious not serious not serious2 none 2/3369 (0.1%) 56/2282 


(2.5%) 


RR 0.03 


(0.01 to 


0.10) 


24 fewer 


per 1000 


(from 24 


fewer to 


22 fewer) 


⨁⨁⨁◯ 
Moderate 


CVT/PATRICIA, bivalent 


(Cervarix), 15-25 years old 


at vaccination 


India1, quadrivalent 


(Gardasil), 10-18 years old 


at vaccination 


Seroconversion to HPV 16: follow-up 6 months to 11 years 


2 RCTs, 1 


post-hoc 


analysis of 


RCT, 3 


observational 


studies 


not serious not serious not serious not serious none Seroconversion following one dose ranged from 89.8% 


to 100% at up to 11 years follow-up. 


 


⨁⨁⨁⨁ 
High 


Kenya1, China1, Costa 


Rica1, Fiji1, Mongolia1, 


USA16 


 


Seroconversion to HPV 18:  follow-up 6 months to 11 years 
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2 RCTs, 1 


post-hoc 


analysis of 


RCT, 3 


observational 


studies 


not serious not serious not serious not serious none Seroconversion following one dose ranged from 56.7% 


to 100% at up to 11 years follow-up. 


⨁⨁⨁⨁ 
High 


Kenya1, China1, Costa 


Rica1, Fiji1, Mongolia1, 


USA16 


 


Geometric mean titres (GMT) for HPV 16: follow-up 4-6 years 


1 post-hoc 


analysis of 


RCT, 3 


observational 


studies 


not serious not serious not serious not serious none Ratio of GMTs following one dose ranged from 5.73 to 


320.43. 


⨁⨁⨁⨁ 
High 


Costa Rica1, Netherlands1 


Fiji1, Mongolia1 


Geometric mean titres (GMT) for HPV 18: follow-up 4-6 years 


1 post-hoc 


analysis of 


RCT, 3 


observational 


studies 


not serious not serious not serious not serious none Ratio of GMT following one dose ranged from 4.79 to 


81.92. 


⨁⨁⨁⨁ 
High 


Costa Rica1, Netherlands1 


Fiji1, Mongolia1 


CI: confidence interval; HPV: human papillomavirus; RCT: randomized controlled trial; RR: risk ratio 
 


1. Not downgraded despite some concerns with missing outcome data, estimates from unpublished data of modified intention-to-treat analysis of participants HPV naïve at baseline. 
2. Not downgraded for imprecision due to large effect estimates, despite few events. 
3. Downgraded one level due to some concerns with bias due to confounding and selection of the reported result. 
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Comparison 2. Effectiveness and immunogenicity of 


one dose of HPV vaccine compared with two doses of 


HPV vaccination 


Immunogenicity outcomes 


Two RCTs (China1, Tanzania1), two post hoc analyses of RCTs (Costa Rica1, India1), and five 


observational studies (Netherlands1, Fiji1, Mongolia1, Uganda1, USA16) reported on immunogenicity 


outcomes in women receiving one dose of HPV vaccine compared with two doses. Following one dose of 


bivalent (Cervarix) vaccine, the ratio of GMTs for HPV 16 and 18 were in favour of two doses and sustained 


over 132 months (Figure 2.1). Following one or two doses of quadrivalent (Gardasil) vaccine, the ratio of 


GMTs for HPV 6, 11, 16, and 18 were in favour of two doses over 48 months, but no difference was 


detected for indigenous populations in Fiji1 (Figure 2.2). For nonavalent (Gardasil9) vaccine, the ratio of 


GMTs for HPV 16 and 18 were in favour of two doses up to 24 months (Figure 2.3). For bivalent Cecolin 


vaccine, the ratio of GMTs for HPV 16 and 18 were in also favour of two doses at 6 months (Figure 2.4). 


Seropositivity following one dose of bivalent (Cervarix) vaccine was very high, sustained over 11 years, 


and comparable to two or three doses (Table 2.1). Similarly, following one dose of quadrivalent 


(Gardasil) vaccine, seropositivity was very high for the vaccine HPV types and sustained up to 4-6 years 


(Table 2.2). Seropositivity to HPV 16 or 18 was very high and comparable to two or three doses following 


nonavalent (Gardasil9) vaccine (Table 2.3). Seropositivity to HPV 16 and 18 following one dose of bivalent 


Cecolin vaccine was very high and comparable to two doses (Table 2.4). 


There was high certainty evidence of higher GMTs for HPV 16 and 18 following two doses of HPV vaccine 


compared with one dose. There was also high certainty evidence of little to no difference in seropositivity 


to HPV 16 or 18 following one or two doses of HPV vaccine. 
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Figure 2.1 Immunogenicity – ratio of GMTs following bivalent (Cervarix) vaccine 
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Figure 2.2 Immunogenicity – ratio of GMTs following quadrivalent (Gardasil) vaccine  
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Figure 2.3 Immunogenicity – ratio of GMTs following nonavalent (Gardasil9) vaccine  


 


 
Figure 2.4 Immunogenicity – ratio of GMTs following bivalent (Cecolin) vaccine  
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Table 2.1 Immunogenicity – seropositivity following bivalent (Cervarix) vaccine 


Study HPV type Timepoint 


One dose Two doses Three doses 


N % 


seropositive 


N % 


seropositive 


N % 


seropositive 


Tanzania1 HPV 16 7 months 148 99.3 142 100 141 99.3 


Tanzania1 HPV 18 7 months 141 98.6 141 100 136 99.3 


Tanzania1 HPV 16 12 months 147 99.3 140 100 141 100 


Tanzania1 HPV 18 12 months 140 99.3 139 100 136 100 


Tanzania1 HPV 16 24 months 148 99.3 141 100 141 100 


Tanzania1 HPV 18 24 months 141 98.6 140 100 136 100 


Uganda1 HPV 16 24 months 36 100 145 98.6 195 99.5 


Uganda1 HPV 18 24 months 36 97.2 145 98.6 195 99.5 


Netherlands1 HPV 16 24 months 48 97.9 51 100 51 100 


Netherlands1 HPV 18 24 months 48 89.6 51 100 51 100 


Costa Rica1 HPV 16 48 months 78 100 140 100 120 100 


Costa Rica1 HPV 16 108 months 118 100 66 100 1365 100 


Costa Rica1 HPV 18 108 months 118 100 66 100 1365 100 


Costa Rica1 HPV 16 132 months 118 100 66 100 1365 100 


Costa Rica1 HPV 18 132 months 118 100 66 100 1365 100 


 
Table 2.2 Immunogenicity – seropositivity following quadrivalent (Gardasil) vaccine 


Study HPV type Timepoint 


One dose Two doses Three doses 


N % seropositive N % seropositive N % seropositive 


Fiji1 HPV 6 72 months 40 90 60 93.3 66 100 


Fiji1 HPV 11 72 months 40 92.5 60 93.3 66 100 


Fiji1 HPV 16 72 months 40 95 60 100 66 100 


Fiji1 HPV 18 72 months 40 67.5 60 90 66 87.9 


Mongolia1 HPV 16 72 months 30 90     


Mongolia1 HPV 18 72 months 30 56.7     


USA16 HPV 6 4-6 years 213 92 253 96.8 747 98.1 


USA16 HPV 11 4-6 years 246 97.6 287 99.7 845 99.4 


USA16 HPV 16 4-6 years 264 89.8 303 97.0 928 98.8 


USA16 HPV 18 4-6 years 352 82.7 354 81.1 1054 79.6 


 
Table 2.3 Immunogenicity – seropositivity following nonavalent (Gardasil9) vaccine 


Study HPV type Timepoint 


One dose Two doses Three doses 


N % seropositive N % seropositive N % seropositive 


Tanzania1 HPV 16 7 months 144 100 246 100 140 100 


Tanzania1 HPV 18 7 months 135 98.5 262 100 142 100 


Tanzania1 HPV 16 12 months 145 100 142 100 140 100 


Tanzania1 HPV 18 12 months 136 96.3 137 100 142 100 


Tanzania1 HPV 16 24 months 145 99.3 141 100 140 100 


Tanzania1 HPV 18 24 months 136 97.8 136 100 142 99.3 


 
Table 2.4 Immunogenicity – seropositivity following bivalent (Cecolin) vaccine 


Study HPV type Timepoint 


One dose Two doses 


N % seropositive N % seropositive 


China1 HPV 16 6 months 267 100 246 100 


China1 HPV 18 6 months 275 98.5 262 100 
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Clinical outcomes – persistent HPV infection 


Two post-hoc analyses of RCTs (CVT/PATRICIA, India1) reported on prevalent HPV infections in women 


receiving one dose of HPV vaccine compared with two doses. 


A difference was not detected for 6- and 12-month persistent HPV 16/18 infections between one and two 


doses of bivalent (Cervarix) vaccine after 4 years follow-up (Figure 2.5) or for HPV 6/11/16/18 following 


quadrivalent (Gardasil) vaccine after 10 years follow-up (Figure 2.6), although estimates were imprecise 


due to few events. For persistent HPV 31/33/45 infections (cross-protective types), a difference between 


one and two doses was not detected for bivalent vaccine (Cervarix); for quadrivalent vaccine (Gardasil) 


a difference in favour of two doses was detected.  


There was low certainty evidence of little to no difference in persistent HPV infections following one or 


two doses HPV vaccine.  


Figure 2.5 Persistent HPV infections following bivalent vaccine (Cervarix) – post-hoc RCT analyses 
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Figure 2.6 Persistent HPV infections following quadrivalent vaccine (Gardasil) - post-hoc RCT analyses 


  


 


Clinical outcomes – prevalent and incident HPV infection 


One community randomised trial (Thailand1), two post-hoc analyses of RCTs (CVT/PATRICIA, India1), 


and six observational studies (Scotland1, Scotland4, Scotland5, USA18, USA23, USA25) reported on 


prevalent and incident HPV infection. 


A community RCT (Thailand1) evaluating the effectiveness of one or two doses of bivalent (Cervarix) 


vaccine on HPV 16/18 prevalence reported an adjusted VE of 94.6% (81.5% to 100%) following two doses 


and 86.4% (47% to 100%) following one dose in high school students. In vocational school students the 


adjusted VE after two doses was 90.6% (80.5% to 97.3%) compared with an adjusted VE of 74.3% (56.5% 


to 85.9%) following one dose after a two-year follow-up (unpublished data). 


A difference was not detected between one and two doses bivalent vaccine (Cervarix) for prevalent HPV 


16/18 infection at up to 11 years follow-up (Figure 2.7 and 2.8) or for incident HPV 16/18 infection at 11 


years (Figure 2.9). Similarly, a difference was not detected for incident HPV 6/11/16/18 infection between 


one and two doses of quadrivalent vaccine (Gardasil) at up to 10 years follow-up (Figure 2.10), including 


oral infection and penile/anal infection in males (Figure 2.11). Regarding cross-protective HPV types 


31/33/45, effects favouring two doses were shown for both bivalent (Cervarix) and quadrivalent 


(Gardasil) vaccine. 
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Figure 2.7 Prevalent HPV infections following bivalent vaccine (Cervarix) – post-hoc RCT analyses 


  


Figure 2.8 Prevalent HPV infections following bivalent vaccine (Cervarix) – observational studies, 
unadjusted data 
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Figure 2.9 Incident HPV infections following bivalent vaccine (Cervarix) – post-hoc RCT analyses 


 
 


Figure 2.10 Incident HPV infections following quadrivalent vaccine (Gardasil) - post-hoc RCT analyses 
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Figure 2.11 Incident HPV infections following quadrivalent vaccine (Gardasil) – observational studies, 


unadjusted data  


 
 


Clinical outcomes – genital warts 


There were 9 observational studies that reported unadjusted data for one dose compared with two doses 


quadrivalent (Gardasil) vaccine on genital warts (Figure 2.12). The studies were not pooled due to 


reporting different types of estimates (i.e. VE, HR, RR, IRR, IRD) and potential overlapping populations 


between the Denmark, Spain, and USA studies. Most studies were at serious risk of bias due to 


confounding and the results were inconsistent regarding the effect of one dose at up to 7 years follow-


up. Buffer periods ranged from no buffer to 12 months. 


Four studies reported effect estimates adjusted for confounding across different age groups (Table 2.5). 


When a sensitivity analysis was applied, including only studies with adjusted estimates calculated after 


a 12-month buffer period, two studies remained (Sweden1, USA2). The Sweden1 study reported adjusted 


incidence rate ratios (IRR) of 0.59 (95%CI 0.38 to 0.91) for those vaccinated between 10-19 years (10-16 


years IRR 0.81 (95%CI 0.43 to 1.53); 17-19 years IRR 0.45 (95%CI 0.25 to 0.83). The USA2 study reported a 


propensity score weighted HR of 0.74 (95%CI 0.35 to 1.60) following a 12-month buffer.  


6.2_HPV


SAGE meeting April 2022 38







Single dose HPV vaccine systematic review  


39 


 


Figure 2.12 Genital warts following quadrivalent vaccine (Gardasil) – observational studies, unadjusted 


data  


 


 


Table 2.5. Adjusted estimates of effect for genital warts comparing one dose quadrivalent (Gardasil) 


vaccine with two doses 


Study Age at vaccination Buffer period Adjusted estimate (95% CI) * 


Denmark4 12-14 years 1 month IRR 0.76 (0.56 to 1.03)  


Denmark4 15-16 years 1 month IRR 0.84 (0.62 to 1.14) 


Denmark4 17-18 years 1 month IRR 0.88 (0.61 to 1.26) 


Denmark4 > 19 years 1 month IRR 0.76 (0.67 to 0.85) 


Denmark2 All ages 1 month IRR 0.44 (0.37 to 0.51) 


Sweden1 10-19 years 3 months IRR 0.59 (0.43 to 0.81) 


Sweden1 10-16 years 3 months IRR 0.91 (0.52 to 1.59) 


Sweden1 17-19 years 3 months IRR 0.49 (0.33 to 0.73) 


USA2 All ages 6 months HR 0.39 (0.20 to 0.76) 


USA2 All ages 12 months HR 0.74 (0.35 to 1.60) 


Sweden1 10-19 years 12 months IRR 0.59 (0.38 to 0.91) 


Sweden1 10-16 years 12 months IRR 0.81 (0.43 to 1.53) 


Sweden1 17-19 years 12 months IRR 0.45 (0.25 to 0.83) 
* Estimates in bold indicate reduced risk of genital warts after two doses compared with one dose. HR = hazard 


ratio; IRR = incidence rate ratio. 


 
 


Clinical outcomes – cytological outcomes 


Six observational studies (Australia1, Australia3, Canada2, Italy1, USA1, USA22) reported the effect of one 


dose compared with two doses quadrivalent (Gardasil) vaccine on abnormal cervical cytology at up to 7 


years follow-up (Figure 2.13). All studies were at serious risk of bias due to confounding and none of the 


studies detected a difference between one and two doses in unadjusted analyses. Buffer periods ranged 


from no buffer to 3 years. 
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No studies reported estimates adjusted for confounding between the one dose and two dose groups.   


Figure 2.13 Abnormal cytology following quadrivalent vaccine (Gardasil) – observational studies, 


unadjusted data 


  


 


Clinical outcomes – histological outcomes 


One post-hoc analysis of an RCT and ten observational studies (Figure 2.14, Figure 2.15) reported on 


histological outcomes, such as cervical intraepithelial neoplasia (CIN) or invasive cancer. 


The post-hoc RCT analysis (India1) reported no cases of CIN grade 2 or higher and very few cases of CIN 


grade 1 in both one-dose and two-dose groups after 10-year follow-up (Figure 2.14). Unadjusted 


observational data showed little or no difference in CIN 1, 2, 3, and 3+ between one and two doses of 


bivalent (Cervarix) and quadrivalent (Gardasil) vaccines; all studies were at serious risk of bias (Figures 


2.15 and 2.16). 


There were three studies that reported on CIN following one dose of quadrivalent (Gardasil) vaccine 


compared with two doses and reported estimates of effect adjusted for confounding (Table 2.6). When a 


sensitivity analysis was applied, the only study with adjusted estimates calculated after a 12-month 


buffer period was USA21 for CIN2+. The adjusted odds ratio was 0.96 (95%CI 0.55 to 1.68), indicating no 


difference between one and two doses.  
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Table 2.6. Adjusted estimates of effect for CIN comparing one dose quadrivalent (Gardasil) vaccine with 


two doses 


Outcome Study Age at vaccination Buffer period Adjusted estimate (95% CI) 


CIN2 Australia4 < 15 years No buffer HR 0.94 (0.73 to 1.21) 


CIN2+ Denmark3 all ages 6 months IRR 1.00 (0.61 to 1.64) 


USA21 12-26 years 24 months OR 0.96 (0.55 to 1.68) 


CIN3+ Denmark3 All ages 6 months IRR 0.89 (0.53 to 1.52) 


Australia4 < 15 years No buffer RR 0.64 (0.35 to 1.16) 
HR = hazard ratio; OR = odds ratio; IRR = incidence rate ratio; RR = risk ratio. 


 


 


Figure 2.14 CIN (and invasive cancer) following quadrivalent vaccine (Gardasil) – post-hoc RCT analyses 
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Figure 2.15 CIN following bivalent vaccine (Cervarix) – observational studies, unadjusted data  


  


 


Figure 2.16 CIN following quadrivalent vaccine (Gardasil) – observational studies, unadjusted data
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Evidence profile 2: Effectiveness and immunogenicity of one dose of HPV vaccine compared with two 


doses 


Table 2.7. GRADE evidence profile for single dose HPV vaccine compared with two doses for HPV infection, seroconversion, and antibody titres 


Certainty assessment № of patients Effect 


Certainty Comments 
№ of studies 


Risk of 


bias 
Inconsistency Indirectness Imprecision 


Other 


considerations 


Single dose 


bivalent HPV 


infection 


no 


vaccine 


Relative 


(95% CI) 


Absolute 


(95% CI) 


Persistent HPV 16/18 infections: long term follow-up, 4-10 years 


2 post-hoc 


analyses of RCTs 


serious1 not serious not serious serious4 none 2/3369 


(0.06%) 


8/4199 


(0.19%) 


RR 0.32 


(0.07 to 


1.48) 


1 fewer per 


1000 (from 2 


fewer to 1 


more) 


⨁⨁◯◯ 
Low 


CVT/PATRICIA, 


bivalent (Cervarix), 


15-25 years old at 


vaccination 


India1, quadrivalent 


(Gardasil), 10-18 


years old at 


vaccination 


Seroconversion to HPV 16: follow-up 6 months to 11 years 


2 RCTs, 1 post-hoc 


analysis of RCT, 2 


observational 


studies 


not 


serious 


not serious not serious not serious none Seroconversion following one dose ranged from 


89.8% to 100% and following two doses 97% to 100% 


at up to 11 years follow-up.  


⨁⨁⨁⨁ 
High 


Tanzania1, China1, 


Costa Rica1, Fiji1, 


USA16 


Seroconversion to HPV 18:  follow-up 6 months to 11 years 


2 RCTs, 1 post-hoc 


analysis of RCT, 2 


observational 


studies 


not 


serious 


not serious not serious not serious none Seroconversion following one dose ranged from 


56.7% to 100% and following two doses 81.1% to 100% 


at up to 11 years follow-up. 


⨁⨁⨁⨁ 
High 


Tanzania1, China1, 


Costa Rica1, Fiji1, 


USA16 


 


Geometric mean titres (GMT) for HPV 16: follow-up 6 months to 11 years 
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2 RCTs, 1 post-hoc 


analysis of RCT, 1 


observational 


study 


not 


serious 


not serious not serious not serious none Ratio of GMTs comparing one with two doses ranged 


from 0.11 to 0.67 at up to 11 years follow-up. 


⨁⨁⨁⨁ 
High 


Tanzania1, China1, 


Costa Rica1, Fiji1 


Geometric mean titres (GMT) for HPV 18: follow-up 6 to 11 years 


2 RCTs, 1 post-hoc 


analysis of RCT, 1 


observational 


study 


not 


serious 


not serious not serious not serious none Ratio of GMTs comparing one with two doses ranged 


from 0.17 to 1.07 at up to 11 years follow-up. 


⨁⨁⨁⨁ 
High 


Tanzania1, China1, 


Costa Rica1, Fiji1 


CI: confidence interval; HPV: human papillomavirus; RCT: randomized controlled trial; RR: risk ratio 
 


1. Downgraded one level due to some concerns with bias due to confounding and selection of the reported result. 
2. Downgraded one level due to imprecision, few events and a 95% confidence interval that encompasses a benefit, no effect, and a harm. 
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Comparison 3. Effectiveness and immunogenicity of 


one dose of HPV vaccine compared with three doses of 


HPV vaccination 


Immunogenicity outcomes 


Two post hoc analyses of RCTs (Costa Rica1, India1), and five observational studies (Netherlands1, Fiji1, 


Uganda1) reported on immunogenicity outcomes in women receiving one dose of HPV vaccine 


compared with three doses. Following one dose of bivalent (Cervarix) vaccine, the ratio of GMTs for HPV 


16 and 18 were in favour of three doses and sustained over 132 months (Figure 3.1). Following one or 


three doses of quadrivalent (Gardasil) vaccine, the ratio of GMTs for HPV 6, 11, 16, 18 were in favour of 


three doses over 48 months, but smaller or no difference was detected for indigenous population in Fiji1 


(Figure 3.2). Following one dose of nonavalent (Gardasil9) vaccine, the ratio of GMTs for HPV 16 and 18 


were in favour of three doses over 24 months (Figure 3.3). 
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Figure 3.1 Immunogenicity – ratio of GMTs following bivalent (Cervarix) vaccine 
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Figure 3.2 Immunogenicity – ratio of GMTs following quadrivalent (Gardasil) vaccine  
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Figure 3.3 Immunogenicity – ratio of GMTs following nonavalent (Gardasil9) vaccine  


 


 


Clinical outcomes – persistent HPV infection 


Two post-hoc analyses of RCTs (CVT/PATRICIA, India1) reported on prevalent HPV infections in women 


receiving one dose of HPV vaccine compared with three doses. 


A difference was not detected for 6- and 12-month persistent HPV 16/18 infections between one and 


three doses of bivalent (Cervarix) vaccine after 4 years follow-up (Figure 3.4) or for HPV 6/11/16/18 


following quadrivalent (Gardasil) vaccine after 10 years follow-up (Figure 3.5), although estimates were 


imprecise due to few events. For persistent HPV 31/33/45 infections (cross-protective types), a difference 


between one and three doses was not detected for either vaccine.  
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Figure 3.4 Persistent HPV infections following bivalent vaccine (Cervarix) – post-hoc RCT analyses 


 


 


Figure 3.5 Persistent HPV infections following quadrivalent vaccine (Gardasil) – post-hoc RCT 
analyses  


 


 


Clinical outcomes – prevalent and incident HPV infection 


Two post-hoc analyses of RCTs (CVT/PATRICIA, India1), and six observational studies (Scotland1, 


Scotland4, Scotland5, USA18, USA25) reported on prevalent and incident HPV infection. 


For prevalent (Figure 3.6 and Figure 3.7) and incident (Figure 3.8) HPV 16 or 18 infection comparing one 


with three doses of bivalent vaccine (Cervarix), a difference was not detected from post hoc analyses of 


RCTs at 11 years follow-up; estimates are imprecise because there were very few events. A difference in 


incident HPV 6/11/16/18 or 31/33/45 was not detected between one and three doses quadrivalent 


vaccine (Gardasil) at 10 years follow-up (Figure 3.9). Unadjusted results at up to 7 years follow-up from 
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observational studies at serious risk of bias favoured three bivalent vaccine (Cervarix) doses over one 


dose for HPV 16/18 and for HPV 31/33/45 (Figure 3.7) and did not detect a difference between one and 


three quadrivalent vaccine (Gardasil) doses for HPV 6/11/16/18 and for HPV 31/33/45 (Figure 3.10). 


 
Figure 3.6 Prevalent HPV infections following bivalent vaccine (Cervarix) – post-hoc RCT analyses 


 


 
Figure 3.7 Prevalent HPV infections following bivalent vaccine (Cervarix) – observational studies, 


unadjusted data 
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Figure 3.8 Incident HPV infections following bivalent vaccine (Cervarix) - post-hoc RCT analyses 


 
 
 
Figure 3.9 Incident HPV infections following quadrivalent vaccine (Gardasil) - post-hoc RCT analyses 
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Figure 3.10 Incident HPV infections following quadrivalent vaccine (Gardasil) – observational studies, 


unadjusted data 


 


Clinical outcomes – genital warts 


There were 9 observational studies that reported unadjusted data for one dose compared with three 


doses quadrivalent (Gardasil) vaccine on genital warts (Figure 3.11). The studies were not pooled due to 


reporting different types of estimates (i.e. VE, HR, RR, IRR, IRD) and potential overlapping populations 


between the Denmark, Spain, and USA studies. Most studies were at serious risk of bias due to 


confounding and the results were inconsistent regarding the effect of one dose, although most favoured 


three doses at up to 7 years follow-up. Buffer periods ranged from no buffer to 12 months. 


Three studies reported effect estimates adjusted for confounding across different age groups (Table 3.1). 


When a sensitivity analysis was applied, including only studies with adjusted estimates calculated after 


a 12-month buffer period, two studies remained (Sweden1, USA2). The Sweden1 study reported adjusted 


incidence rate ratios (IRR) of 0.60 (95%CI 0.41 to 0.86) for those vaccina ted between 10-19 years (10-16 


years IRR 0.78 (95%CI 0.45 to 1.37); 17-19 years IRR 0.49 (95%CI 0.30 to 0.81). The USA2 study reported a 


propensity score weighted HR of 0.63 (95%CI 0.37 to 1.09) following a 12-month buffer.  
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Figure 3.11 Genital warts following quadrivalent vaccine (Gardasil) – observational studies, unadjusted 


data 


 


 


Table 3.1 Adjusted estimates of effect for genital warts comparing one dose quadrivalent (Gardasil) 
vaccine with three doses 


Study Age at vaccination Buffer period Adjusted estimate (95% CI) * 


Denmark4 12-14 years 1 month IRR 0.56 (0.43 to 0.73)  


Denmark4 15-16 years 1 month IRR 0.53 (0.41 to 0.70) 


Denmark4 17-18 years 1 month IRR 0.51 (0.41 to 0.70) 


Denmark4 > 19 years 1 month IRR 0.56 (0.50 to 0.62) 


Sweden1 10-19 years 3 months IRR 0.37 (0.28 to 0.48) 


Sweden1 10-16 years 3 months IRR 0.57 (0.35 to 0.94) 


Sweden1 17-19 years 3 months IRR 0.32 (0.23 to 0.45) 


USA2 All ages 6 months HR 0.29 (0.20 to 0.42) 


USA2 All ages 12 months HR 0.63 (0.37 to 1.09) 


Sweden1 10-19 years 12 months IRR 0.60 (0.41 to 0.86) 


Sweden1 10-16 years 12 months IRR 0.78 (0.45 to 1.37) 


Sweden1 17-19 years 12 months IRR 0.49 (0.30 to 0.81) 
* Estimates in bold indicate reduced risk of genital warts after three doses compared with one dose. HR = hazard 


ratio; IRR = incidence rate ratio. 


 


Clinical outcomes – cytological outcomes 


Six observational studies (Australia1, Australia3, Canada2, Italy1, USA1, USA22) reported the effect of one 


dose compared with three doses quadrivalent (Gardasil) vaccine on abnormal cervical cytology at up to 


7 years follow-up. All studies were at serious risk of bias due to confounding and results from unadjusted 


analyses were inconsistent (Figure 3.12). Buffer periods ranged from no buffer to 3 years. 


No studies reported estimates adjusted for confounding between the one dose and three dose groups.  
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Figure 3.12 Abnormal cytology following quadrivalent vaccine (Gardasil) – observational studies, 


unadjusted data 


 


 


Clinical outcomes – histological outcomes 


One post-hoc analysis of an RCT and ten observational studies reported on histological outcomes, such 


as cervical intraepithelial neoplasia (CIN) or invasive cancer. 


The post-hoc RCT analysis (India1) reported no cases of CIN grade 2 or higher and very few cases of CIN 


grade 1 in both one-dose and three-dose groups after 10-year follow-up (Figure 3.13). Unadjusted 


observational data were inconsistent and showed either little or no difference or an effect favouring 


three doses for CIN 1, 2, 3, and 3+; all studies were at serious risk of bias (Figures 3.14 and 3.15). 


There were three studies that reported on CIN following one dose of quadrivalent (Gardasil) vaccine 


compared with three doses and reported estimates of effect adjusted for confounding (Table 3.2). When 


a sensitivity analysis was applied, the only study with adjusted estimates calculated after a 12-month 


buffer period was USA21 for CIN2+. The adjusted odds ratio was 0.61 (95%CI 0.38 to 0.99), indicating 


lower odds of CIN2+ with three doses.  
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Figure 3.13 CIN (and invasive cancer) following quadrivalent vaccine (Gardasil) – post-hoc RCT analyses 


 
 
Figure 3.14 CIN following bivalent vaccine (Cervarix) – observational studies, unadjusted data 
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Figure 3.15 CIN following quadrivalent vaccine (Gardasil) – observational studies, unadjusted data 


 


 


 
Table 3.2 Adjusted estimates of effect for CIN comparing one dose quadrivalent (Gardasil) vaccine with 
three doses 


Outcome Study Age at vaccination Buffer period Adjusted estimate (95% CI) 


CIN2 Australia4 < 15 years No buffer HR 0.91 (0.74 to 1.13) 


CIN2+ Denmark3 all ages 6 months IRR 0.99 (0.64 to 1.53) 


USA21 12-26 years 24 months OR 0.61 (0.38 to 0.99) 


CIN3+ Denmark3 All ages 6 months IRR 0.95 (0.60 to 1.51) 


Australia4 < 15 years No buffer RR 0.66 (0.41 to 1.05) 
* Estimates in bold indicate reduced risk of CIN after one dose. ** estimates indicate increased risk of CIN after 


one dose. HR = hazard ratio; OR = odds ratio; RR = relative risk. 
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4. Effectiveness and immunogenicity of one dose of HPV 


vaccine in males 
Six studies on one dose HPV vaccination included males (Canada4, Canada6, USA11, USA12, USA17, 


USA18). Only two of these studies reported results separately for males only (USA12, USA18). 


USA12 and USA18 were retrospective observational studies reporting on young men (13 to 26 years of 


age) attending sexual health clinics and provided unadjusted data on HPV infections for those vaccinated 


with one dose quadrivalent (Gardasil) or nonavalent (Gardasil9) HPV vaccine. The studies are likely to 


have some population overlap because recruitment occurred from sites and dates that overlapped. 


USA12 did not detect a difference in anogenital (penile, anal, perianal) HPV 6/11/16/18 infections 


between one dose compared with three doses quadrivalent (Gardasil) vaccine (OR 0.99, 95% CI 0.33 to 


2.96). Data were not adjusted for confounding, and it was not reported how many participants received 


one dose; 49 participants received three doses and 236 males were included in total.  


USA18 also reported on HPV 6/11/16/18 anogenital infection (penile or anal). Out of 746 young men, most 


received quadrivalent (Gardasil) vaccine, 12 (1.6%) received nonavalent (Gardasil9) vaccine, and 23 


(3.1%) received a combination of quadrivalent (Gardasil) and nonavalent (Gardasil9) vaccine doses. Data 


were not adjusted for confounding and no differences between one dose and no vaccination or between 


one dose and two or three doses were reported (Figure 4.1). 


These results should be interpreted with caution due to risk of bias due to confounding, selection bias 


from a population attending sexual health clinics, self-reported vaccination status, mixed duration of 


follow-up, and small sample size. 


 


Figure 4.1. Incident penile and anal HPV 6/11/16/18 infections in 13–16-year-old males vaccinated at 
mean age 15-16 years, unadjusted data from retrospective cohort 


 


  


6.2_HPV


SAGE meeting April 2022 57







Single dose HPV vaccine systematic review  


58 


 


5. Effectiveness and immunogenicity of one dose of HPV 


vaccine in people living with HIV 
One observational study (USA17) included 451 perinatally HIV infected (HIV+) and 227 perinatally HIV 


exposed but uninfected (HEU) young females and males (mean 16.7 years) that had received one, two, 


or three quadrivalent (Gardasil) vaccine doses at around the age of 13 years. A sexually active 


unvaccinated cohort was also included.  


Immunogenicity outcomes 


Geometric mean titres (GMTs) for HPV 6, 11, 16, and 18 were reported separately among HIV infected 


males and females and HIV exposed uninfected males and females. Within each cohort (HEU or HIV+), 


GMTs were similar whether they received 1, 2, or 3 doses. Compared with HEU, HIV+ had lower GMTs 


regardless of dose, see Table 5.1. 


Table 5.1. GMTs and titre fold changes in HIV infected and HIV exposed uninfected females and males  


Doses 1 dose  2 doses  3 doses  


Population HIV+ HEU HIV+ HEU HIV+ HEU 


N 88 80 28 12 82 11 


HPV 6 


GMT* 123 152 108 227 134 300 


Fold change 


among HIV+** 
2 vs 1: 1.38 (−1.23 to 2.34); 3 or more doses vs 1: −1.06 (−1.72 to 1.52) 


HPV 11 


GMT* 144 262 124 399 152 393 


Fold change 


among HIV+** 
2 vs 1: 1.64 (−1.14 to 3.07); 3 or more vs 1: −1.00 (−1.77 to 1.76) 


HPV 16 


GMT* 585 1428 401 1888 584 1814 


Fold change 


among HIV+** 
2 vs 1: 1.55 (−1.30 to 3.15); 3 or more vs 1: −1.06 (−2.01 to 1.79) 


HPV 18 


GMT* 70 159 63 245 71 170 


Fold change 


among HIV+** 
2 vs 1: 1.52 (−1.21 to 2.80); 3 or more vs 1: −1.24 (−2.16 to 1.41) 


*Participants who received their first vaccine dose before their 15th birthday, adjusted for time since last vaccine dose. 


**Multivariable Models for Fold-changes in Antibody Titre (An effect of 1.00 represents no influence of the independent variable 


on antibody titre in the raw scale, an effect of 2 represents a doubling in titre (i.e., 200 to 400 or 1000 to 2000), and an effect of 


−2 is a halving of titre (i.e., 100 to 50). 


HEU = HIV exposed uninfected 


 


Seropositivity for HPV 6, 11, 16, and 18 were reported separately among HIV infected males and females 


and HIV exposed uninfected males and females (Table 5.2). A larger proportion of both HIV+ and HEU 


people seroconverted for all four HPV types after one dose compared with the unvaccinated group. The 


study did not detect a difference between one and two doses or between one and three doses. A larger 


proportion of HEU people compared with HIV+ people that had received one dose seroconverted for all 


four HPV types. 
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These results should be interpreted with caution due to risk of bias due to confounding, mixed duration 


of follow-up with varying buffer periods (from 20 days, mean 2.9 (SD 1.5) years), and small sample sizes.  


Table 5.2. HPV 6, 11, 16, and 18 seropositivity in HIV infected and HIV exposed uninfected females and 


males  


 Population Total N 
HPV 6 


seropositive 


HPV 11 


seropositive 


HPV 16 


seropositive 


HPV 18 


seropositive 


Unvaccinated 
HIV+ 32 4 (12.5%) 3 (9.4%) 9 (28.1%) 4 (12.5%) 


HEU 33 9 (27.3%) 9 (27.3%) 14 (42.4%) 13 (39.4%) 


1 dose 
HIV+ 154 124 (80.5%) 120 (77.9%) 149 (96.8%) 129 (83.8%) 


HEU 91 86 (94.5%) 86 (94.5%) 91 (100%) 87 (95.6%) 


2 doses 
HIV+ 34 30 (88.3%) 30 (88.3%) 33 (97.1%) 27 (79.4%) 


HEU 13 13 (100%) 13 (100%) 13 (100%) 13 (100%) 


3 doses 
HIV+ 90 73 (81.1%) 70 (77.8%) 88 (97.8%) 79 (87.8%) 


HEU 11 11 (100%) 11 (100%) 11 (100%) 11 (100%) 
HEU = HIV exposed uninfected 


 


Clinical outcomes - abnormal cytology 


Abnormal cytology was defined as atypical squamous cells of undetermined significance (ASCUS) or 


worse, collected from the annual medical record. For one-dose recipients, this outcome was reported 


only for HIV infected females. A difference between 1 and 2 or 1 and 3 doses received prior to sexual debut 


was not detected but the results should be interpreted with caution due to risk of bias due to 


confounding, a small sample size and wide 95% CIs, see Table 5.3.  


Table 5.3. Abnormal cytology in HIV infected females  


Doses prior to 


sexual debut 
Cases/PY IR (95% CI) per 100 PY 


IRR (95% CI) 


1 dose vs. 3 doses 


1 dose 8/41.3 19.4 (10.3-36.5) 


1.19 (0.51-2.78) 2 doses 7/35.0 20.0 (8.8-45.6) 


3 doses 8/49.3 16.2 (9.3-28.5) 


CI = confidence interval; IR = incidence rate; IRR = incidence rate ratio; PY = person-years 
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6. Efficacy and immunogenicity of mixed HPV vaccine 


doses (interchangeability) 
One RCT (Canada4), one single arm trial (Canada7), and one observational cohort (Fiji1) reported on the 


efficacy or immunogenicity of a two-dose HPV vaccine schedule with more than one type of vaccine 


(interchangeability). In addition, two post-hoc studies were identified that pooled results from Canada4 


and Canada7 (Sauvageau 2020, Gilca 2019). 


Only one study reported comparative data; Canada4 randomised 371  9- to 10-year-old girls and boys 


into three groups: two doses of nonavalent (Gardasil9) vaccine, one dose bivalent (Cervarix) and one 


dose nonavalent (Gardasil9) vaccine, or one dose nonavalent (Gardasil9) and one dose bivalent 


(Cervarix) vaccine, all with a 6-month interval between doses. One month after the second dose all 


participants seroconverted for HPV 6, 11, 16, and 18. The ratio of GMTs was in favour of the homologous 


schedule (i.e. two doses of nonvalent (Gardasil9) vaccine) for all HPV types, except for HPV 16 and 18, 


which favoured the heterologous schedules (Figure 6.1). 


Canada7 was a single arm trial that enrolled 31 13- to 18-year-old girls that had received one dose 


quadrivalent (Gardasil) vaccine 3-8 years earlier to receive a dose of nonavalent (Gardasil9) vaccine. One 


month after the second dose all girls had seroconverted for the nine vaccine HPV types and a GMT fold-


increase of 36.1 to 89.1 was reported. 


The post-hoc analysis of the Canad4 and Canada7 studies (Canada4/7) included an additional group of 


girls that received one dose of nonavalent (Gardasil9) vaccine. This group was compared to the groups 


that had received either bivalent (Cervarix) or quadrivalent (Gardasil) vaccine. One month after 


nonavalent (Gardasil9) dose administration, all subjects were seropositive to HPV 31/33/45/52 and 58. 


Subjects who had previously received bivalent (Cervarix) or quadrivalent (Gardasil) vaccine had 


significantly higher GMTs than naive subjects for HPV31/33/45/52 types but not for HPV58 (Figure 6.2). 


GMTs to HPV31/33/45/52 and 58 were not significantly different between subjects who received a 


bivalent (Cervarix) or quadrivalent (Gardasil) vaccine dose prior to nonavalent (Gardasil9) dose 


administration. 


Fiji1 was a prospective cohort study that enrolled 200 15–19-year-old girls that had received 1, 2, or 3 


doses quadrivalent (Gardasil) vaccine six years earlier. GMTs for girls that had received one dose were 5- 


to 30-fold higher than unvaccinated girls, but lower than two- and three-dose recipients. They all 


received one bivalent (Cervarix) vaccine dose. One month later, GMTs for HPV 16/18 were not statistically 


different between girls who had received 1, 2, or 3 doses of the quadrivalent (Gardasil) vaccine six years 


earlier. 
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Figure 6.1. Ratio of GMTs following heterologous schedule (nonavalent + bivalent or bivalent + 


nonavalent) one month after the second dose compared with a homologous schedule (nonavalent + 


nonavalent) 
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Figure 6.2. Ratio of GMTs following one dose nonavalent (Gardasil9) vaccine or two doses on a 


heterologous schedule (nonvalent + bivalent or bivalent + nonavalent) 
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Appendix 1. Search strategies 
 


HPV Vaccines - One Dose SR Update (January 7, 2022): 
Multidatabase Search Strategy for MEDLINE, Embase & Cochrane CENTRAL (all via Ovid)  


 


1. (HPV or (human adj (papilloma virus* or papillomavirus*))).tw,kf. 


2. exp Papillomaviridae/ 


3. exp Papillomavirus Infections/ 


4. or/1-3 


5. (vaccin* or immuni* or inoculat* or innoculat*).tw,kf. 


6. 4 and 5 


7. (cervarix or gardasil).tw,kf. 


8. exp Papillomavirus Vaccines/ 


9. or/6-8 


10. limit 9 to yr="2019 -Current" 


11. (201903* or 201904* or 201905* or 201906* or 201907* or 201908* or 201909* or 201910* or 
201911* or 201912* or 2020* or 2021*).dt,ez. 


12. 9 and 11 


13. 10 or 12 


14. exp animals/ not humans/ 


15. 13 not 14 


16. (comment or editorial).pt. 


17. 15 not 16 


18. papillomavirus infection/ or papilloma virus infections.mp. or Papilloma virus/ 


19. "human papillomavirus infection*".mp. 


20. 18 or 19 


21. (vaccin* or immuni*).ti. or (vaccin* or immuni*).ab. 


22. 20 and 21 


23. HPV vaccin*.ti. or HPV vaccin*.ab. 


24. (Gardasil or cervarix).ti. or (Gardasil or cervarix).ab. 


25. 22 or 23 or 24 


26. exp animal/ not exp human/ 


27. 25 not 26 


28. limit 27 to yr="2019 -Current" 


29. (HPV or (human adj (papilloma virus* or papillomavirus*))).mp. 


30. exp Papillomaviridae/ 


31. exp Papillomavirus Infections/ 


32. or/29-31 


33. (vaccin* or immuni* or inoculat* or innoculat*).mp. 


34. 32 and 33 


35. (cervarix or gardasil).mp. 
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36. exp Papillomavirus Vaccines/ 


37. or/34-36 


38. limit 37 to yr="2019 -Current" 


39. 17 use medall 


40. 28 use emczd 


41. 38 use cctr 


42. 39 or 40 or 41 


43. limit 42 to yr="1946 - 2019" 


44. limit 42 to yr="2020 -Current" 


45. remove duplicates from 43 


46. remove duplicates from 44 


47. 45 or 46 
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Appendix 2. Included studies 
Study ID Reference(s) 
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women in Australia. Papillomavirus Research. 2015;1:59-73. 


Australia2 


Crowe E, Pandeya N, Brotherton JM, Dobson AJ, Kisely S, Lambert SB, et al. Effectiveness of quadrivalent human papillomavirus vaccine for the 


prevention of cervical abnormalities: case-control study nested within a population based screening programme in Australia. BMJ. 


2014;348:g1458. 


Australia3 
Gertig DM, Brotherton JM, Budd AC, Drennan K, Chappell G, Saville AM. Impact of a population-based HPV vaccination program on cervical 


abnormalities: a data linkage study. BMC medicine. 2013;11(1):227. 


Australia4 
Brotherton JM, Budd A, Rompotis C, Bartlett N, Malloy MJ, Andersen RL, et al. Is one dose of human papillomavirus vaccine as effective as three?: A 


national cohort analysis. Papillomavirus Research. 2019:100177. 


Belgium2 
Dominiak-Felden G, Gobbo C, Simondon F. Evaluating the Early Benefit of Quadrivalent HPV Vaccine on Genital Warts in Belgium: A Cohort Study. 


PLoS One. 2015;10(7):e0132404. 


Canada2 
Kim J, Bell C, Sun M, Kliewer G, Xu L, McInerney M, et al. Effect of human papillomavirus vaccination on cervical cancer screening in Alberta. 


Canadian Medical Association Journal. 2016:cmaj. 151528. 


Canada3 
Willows K, Bozat-Emre S, Righolt CH, Kliewer EV, Mahmud SM. Early Evidence of the Effectiveness of the Human Papillomavirus Vaccination 


Program Against Anogenital Warts in Manitoba, Canada: A Registry Cohort Study. Sex Transm Dis. 2018;45(4):254-9. 


Canada4 


Gilca V, Sauvageau C, Panicker G, De Serres G, Ouakki M, Unger ER. Immunogenicity and safety of a mixed vaccination schedule with one dose of 


nonavalent and one dose of bivalent HPV vaccine versus two doses of nonavalent vaccine - A randomized clinical trial. Vaccine. 2018 Oct 9. Hum 


Vaccin Immunother. 2019;15(2):503–507. 


Canada4/7 


Gilca V, Sauvageau C, Panicker G, De Serres G, Schiller J, Ouakki M, et al. Long intervals between two doses of HPV vaccines and magnitude of the 


immune response: a post hoc analysis of two clinical trials. Hum Vaccin Immunother. 2019;15(7-8):1980-1985. 


Sauvageau C, Panicker G, Unger ER, et al. Priming effect of bivalent and quadrivalent vaccine for HPV 31/33/45/52: an exploratory analysis from 


two clinical trials. Human vaccines & immunotherapeutics. 2020;16(3):590–594.  


Canada5 
Donken R, Albert A, Racey CS, Smith L, Van Niekerk D, Spinelli J, et al. Effectiveness of the quadrivalent HPV vaccine against HSIL and CIN: A data-


linkage study. Sexually Transmitted Infections. 2019. 95(Suppl 1):A349-A350 


Canada6 
Wissing MD, Burchell AN, El-Zein M, Tellier P-P, Coutlée F, Franco EL. Vaccination of Young Women Decreases Human Papillomavirus Transmission 


in Heterosexual Couples: Findings from the HITCH Cohort Study. Cancer Epidemiol Biomarkers Prev. 2019 Nov;28(11):1825-1834. 


Canada7 
Gilca V, Sauvageau C, Panicker G, De Serres G, Ouakki M, Unger ER. Antibody persistence after a single dose of quadrivalent HPV vaccine and the 


effect of a dose of nonavalent vaccine given 3-8 years later – an exploratory study. Hum Vaccines Immunother. 2018 Sept 25:1–5. 


China1 
Hu Y-M, Guo M, Li C-G, Chu K, He W-G, Zhang J, et al. Immunogenicity noninferiority study of 2 doses and 3 doses of an Escherichia coli-produced 


HPV bivalent vaccine in girls vs. 3 doses in young women. Sci China Life Sci. 2020;63(4):582-591. 
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Costa Rica1 


Safaeian M, Porras C, Pan Y, Kreimer A, Schiller JT, Gonzalez P, et al. Durable antibody responses following one dose of the bivalent human 


papillomavirus L1 virus-like particle vaccine in the Costa Rica Vaccine Trial. Cancer Prev Res (Phila). 2013;6(11):1242-50. 


Safaeian M, Sampson JN, Pan Y, Porras C, Kemp TJ, Herrero R, et al. Durability of Protection Afforded by Fewer Doses of the HPV16/18 Vaccine: The 


CVT Trial. J Natl Cancer Inst. 2018;110(2). 


Kreimer AR, Rodriguez AC, Hildesheim A, Herrero R, Porras C, Schiffman M, et al. Proof-of-principle evaluation of the efficacy of fewer than three 


doses of a bivalent HPV16/18 vaccine. J Natl Cancer Inst. 2011;103(19):1444-51. 


Kreimer AR, Sampson JN, Porras C, et al. Evaluation of durability of a single dose of the bivalent HPV vaccine: the CVT trial. Journal of the National 


Cancer Institute. 2020;112(10):1038–1046. https://doi.org/10.1093/jnci/djaa011. 


Tsang SH, Sampson JN, Schussler J, et al. Durability of cross-protection by different schedules of the bivalent HPV vaccine: the CVT trial. Journal of 


the National Cancer Institute. 2020;112(10):1030–1037. https://doi.org/10.1093/jnci/djaa010. 


CVT/PATRICIA 


Kreimer A, Struyf F, Del Rosario-Raymundo MR, Hildesheim A, Skinner SR, Wacholder S, et al. Efficacy of fewer than three doses of an HPV-16/18 


AS04-adjuvanted vaccine: combined analysis of data from the Costa Rica Vaccine and PATRICIA trials. The Lancet Oncology. 2015;16(7):775-86. 


Kreimer AR, Herrero R, Sampson JN, Porras C, Lowy DR, Schiller JT, et al. Evidence for single-dose protection by the bivalent HPV vaccine-Review 


of the Costa Rica HPV vaccine trial and future research studies. Vaccine. 2018;36(32 Pt A):4774-82. 


Denmark2 
Blomberg M, Dehlendorff C, Sand C, Kjaer SK. Dose-Related Differences in Effectiveness of Human Papillomavirus Vaccination Against Genital 


Warts: A Nationwide Study of 550,000 Young Girls. Clin Infect Dis. 2015;61(5):676-82. 


Denmark3 
Verdoodt F, Dehlendorff C, Kjaer SK. Dose-related effectiveness of quadrivalent human papillomavirus vaccine against cervical intraepithelial 


neoplasia: A Danish nationwide cohort study. Clinical Infectious Diseases. 2019. 


Denmark4 
Baandrup L, Dehlendorff C, Kjaer SK. One-Dose Human Papillomavirus Vaccination and the Risk of Genital Warts: A Danish Nationwide Population-


based Study. Clin Infect Dis. 2021 Nov 2;73(9):e3220-e3226 


Denmark/Sweden1 
Dehlendorff C, Sparén P, Baldur-Felskov B, Herweijer E, Arnheim-Dahlström L, Ploner A, et al. Effectiveness of varying number of doses and timing 


between doses of quadrivalent HPV vaccine against severe cervical lesions. Vaccine. 2018;36(43):6373-8. 


Fiji1 


Toh ZQ, Russell FM, Reyburn R, Fong J, Tuivaga E, Ratu T, et al. Sustained Antibody Responses 6 Years Following 1, 2, or 3 Doses of Quadrivalent 


Human Papillomavirus (HPV) Vaccine in Adolescent Fijian Girls, and Subsequent Responses to a Single Dose of Bivalent HPV Vaccine: A Prospective 


Cohort Study. Clin Infect Dis. 2017;64(7):852-9. 


Toh ZQ, Cheow KWB, Russell FM, Hoe E, Reyburn R, Fong J, et al. Cellular Immune Responses 6 Years Following 1, 2, or 3 Doses of Quadrivalent HPV 


Vaccine in Fijian Girls and Subsequent Responses to a Dose of Bivalent HPV Vaccine. Open Forum Infect Dis. 2018;5(7):ofy147. 


Toh ZQ, Kosasih J, Russell FM, Reyburn R, Fong J, Tuivaga E, et al. Selective Persistence of HPV Cross-Neutralising Antibodies following Reduced-


Dose HPV Vaccine Schedules. Vaccines (Basel). 2019 Nov 28;7(4):200 


India1 


Sankaranarayanan R, Prabhu PR, Pawlita M, Gheit T, Bhatla N, Muwonge R, et al. Immunogenicity and HPV infection after one, two, and three 


doses of quadrivalent HPV vaccine in girls in India: a multicentre prospective cohort study. The Lancet Oncology. 2016;17(1):67-77. 


Sankaranarayanan R, Joshi S, Muwonge R, Esmy PO, Basu P, Prabhu P, et al. Can a single dose of human papillomavirus (HPV) vaccine prevent 


cervical cancer? Early findings from an Indian study. Vaccine. 2018;36(32 Pt A):4783-91. 
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Nov;22(11):1518-1529. 


Italy1 
Acuti Martellucci C, Nomura S, Yoneoka D, Ueda P, Brotherton J, Canfell K, et al. Human papillomavirus vaccine effectiveness within a cervical 


cancer screening programme: cohort study. BJOG. 2021;128(3):532-539 
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Barnabas RV, Brown ER, Onono MA, Bukusi EA, Njoroge B, Winer RL, et al. Efficacy of single-dose HPV vaccination among young African women. 
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Batmunkh T, Dalmau MT, Munkhsaikhan ME, et al. A single dose of quadrivalent human papillomavirus (HPV) vaccine is immunogenic and reduces 


HPV detection rates in young women in Mongolia, six years after vaccination. Vaccine. 2020;38(27):4316–4324. 


https://doi.org/10.1016/j.vaccine.2020.04.041. 


Netherlands1 
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Appendix 3. Characteristics of included studies 
Study name Date range Study design HPV vaccine Participants 


(number, 


sex) 


N by dose Age at 


vaccination 


(V) and 


outcome 


(O) 


Buffer 


periods in 


analysis* 


Outcomes 


reported 


Funding 
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Brotherton 2015 


April 2007 to 


December 


2011 


Retrospective 


cohort study 


using linked 


regional data 


registries 


Quadrivalent 


(Gardasil) 


289,478 


females 


0: 133,055 


1: 20,659 


2: 27,500 


3: 108,264 


V: 12-26 


O: 12-30 


Not in 


primary 


analysis; 


sensitivity 


analysis 


with 1, 6, 12, 


24 months 


Histological 


abnormalities 


(any high grade, 


CIN3/AIS, CIN2) 


Cytological 


abnormalities 


(high grade, low 


grade) 


VCS Foundation 


(health promotion 


charity) 


Australia2 


Crowe 2014 


April 2007 to 


March 2011 


Case-control 
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linked data 


from registries 


Quadrivalent 


(Gardasil) 


108,353 
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0: 53,761 


1: 9649 


2: 10,950 


3: 23,106 


V: 12-26 


O: 11-31 


Not in 


primary 


analysis; 


sensitivity 


analysis 


with 1, 6, 12 


months 


Cervical 


abnormalities 


No specific project 


funding was 


received 


Australia3 


Gertig 2013 


1 April 2007 


to 31 


December 


2011 


Retrospective 


cohort study 


using linked 


data from 


registries 


Quadrivalent 


(Gardasil) 


38,956 


females 


0: 14,085 


1: 1422 


2: 2268 


3: 21,151 


V: 12-19 


O: 12-21 


Not in 


primary 


analysis; 


sensitivity 


analysis 
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time during 


vaccination 


course 


Cervical 


abnormalities, 


Cytological 


abnormalities 


Not reported 
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Brotherton 2019 


April 2007 to 


December 


2014 


Retrospective 
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using linked 


regional data 


registries 


Quadrivalent 


(Gardasil) 


250,648 


females 


0: 48,845 


1: 8618 


2: 18190 


3: 174995 


V: <15 


O: >=12 


Not in 


primary 


analysis; 


sensitivity 


analysis 


with 12 and 


24 months 


Histological 


abnormalities 


Australian 


Department of 


Health 
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Belgium2 


Dominiak-Felden 


2015 


January 2006 
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2013 
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insurance data 


Quadrivalent 


(Gardasil) 


106,579 


females 


0: 63,180 


1: 4020 


2: 3587 


3: 35,792 


V: 10-23 


O: 16-23 


Yes, 1 


month 


Anogenital warts Sanofi Pasteur  


Canada2 


Kim 2016 
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control study 


using linked 


data from 


registries 


Quadrivalent 


(Gardasil) 


10,204 


females 


0: 5712 


1: 327 


2: 490 


3: 3675 


V: 10-15 


O: 18-21 
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minimum of 


3 years 


between 


vaccination 


and 


outcome 


Cytology 


outcome (low-


grade and high-


grade 


abnormalities)  


Not reported 


Canada3 
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2006 and 


March 2013 
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using linked 


data from 


registries, with 


matched 
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(unvaccinated) 


group 


Quadrivalent 


(Gardasil) 


31,464 


females 


0: 94,327 


1: 3521 


2: 6666 


3: 21,277 


V: 9-25 


O: 9-25 


Yes, 12 


months 


Anogenital warts Merck Canada 


Canada4 


Gilca 2018 


Not reported RCT Bivalent 


(Cervarix), 


nonavalent 


(Gardasil9) 


371 females 


and males 


2 homologous: 


184 


2 mixed: 187 


V: 9-10 


O: 9-10 


No, RCT GMTs and 


seroconversion 


Quebec Ministry of 


Health and Social 


Services; Bill & 


Melinda Gates 


Foundation 


Canada5 


Donken 2019 
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cohort study 


using linked 


data from 


registries 


Quadrivalent 


(Gardasil) 


34097 


females 


0: 19,496; 1: 471; 
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schedule): 


14,130 


V: 9-14 


O: not 


reported 


No HSIL, CIN 2+ Not reported 


Canada6 
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couples 


Quadrivalent 


(Gardasil) 
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and males 


(couples) 


0: 434; 1: 12; 2: 


16; 3: 35 


V: 15-24 


O: median 


21 to 20 


years 


No HPV infection 


and persistent 


infection 


Canadian Institutes 


of Health Research; 


the U.S. National 


Institutes of Health; 


Merck-Frosst 


Canada Ltd. and 


Merck & Co. Ltd. 


Canada7 


Gilca 2018 


2008-2013 Single arm trial Quadrivalent 


(Gardasil); 


31 females 1d. 4v + 1d. 9v: 


200 


V: not 


reported 


O: 13-18 


1 month GMTs Quebec Ministry of 


Health and Social 


Services 
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Nonavalent 


(Gardasil 9) 


Canada4/7 


Gilca 2019 


Sauvageau 2019 


2015–2017 


(recruitment) 


Post-hoc 


follow-up of 2 


RCTs 


Bivalent 


(Cervarix), 


quadrivalent 


(Gardasil), 


nonavalent 


(Gardasil9) 


205 females 


and males 


1 (9v): 88; 2: 117 


(2v + 9v, 6m 


interval: 86, 4v + 


9v, 36-96m 


interval: 31) 


V: 9-14 


O: 9-14 


No, two 


post-hoc 


analyses of 


RCTs 


GMTs of HPV 


6/11/16/18/ 


31/33/45/52 and 


58 


Not reported 


China1 


Hu 2020 


2015 RCT Bivalent 


(Cecolin) 


605 females 1: 301 (finally 


received 2 


doses) 


2: 304 (finally 


received 3 


doses) 


V: 9-14 


O: 9-14 


No, RCT Seroconversion 


and antibody 


geometric mean 


titre 


National Natural 


Science Foundation 


of China, the 


Chinese National 


Major Scientific and 


Technological 


Special Project for 


“Significant New 


Drugs 


Development”, the 


Fujian Provincial 


Major Scientific and 


Technological 


Project, and 


Xiamen Innovax 


Costa Rica1 


Safaeian 2013 


Kreimer 2011 


Safaeian 2018 


Kreimer 2020 


Tsang 2020 


2004-2005 Post-hoc 


analysis of RCT 


Bivalent 


(Cervarix) 


7,466 


females 


1: 277 


2: 488 


3: 2965 


V: 18-25 


O: 25-32 


No, post-


hoc analysis 


of RCT 


Antibody 


geometric mean 


titre, 


Seropositivity, 


HPV infection, 


persistent HPV 


infection 


National Institutes 


of Health, 


GlaxoSmithKline 


(vaccine and 


support for aspects 


of the trial 


associated with 


regulatory 


submission needs 


of the company) 


CVT/PATRICIA 


Kreimer 2015 


Kreimer 2018 


2004-2005 Post-hoc 


analysis of two 


RCTs 


Bivalent 


(Cervarix) 


26,110 


females  


 


0: 13,361 


1: 573 


2: 977 


3: 11,499 


 


V: 15-25 


O: 25-32 


No, post-


hoc analysis 


of RCT 


HPV infection, 


persistent HPV 


infection 


US National Cancer 


Institute, National 


Institutes of Health 


Office of Research 


on Women’s 


Health, and 


Ministry of Health 
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of Costa Rica (CVT); 


GlaxoSmithKline 


(PATRICIA). 


Denmark2 


Blomberg 2015 


October 2006 


to December 


2012 


Retrospective 


cohort study 


using 


population-


based health 


national 


registries 


Quadrivalent 


(Gardasil) 


550,690 


females 


0: 188,956 


1: 55,666 


2: 93,519 


3: 212,549 


V: 12-27 


O: 12-27 


Yes, 1 


month 


Anogenital warts Aragon Foundation; 


the Aase and Ejnar 


Danielsens 


Foundation; the 


Mermaid II project 


Denmark3 


Verdoodt 2019 


2006-2016 Retrospective 


cohort study 


using national 


registries 


Quadrivalent 


(Gardasil) 


550,690; 


females 


0: 374,327, 1: 


10,480, 2: 


30,259, 3: 


174,532 


V: <16 


O: 17-25  


Yes, 6 


months 


Anogenital warts the Mermaid 


Project  


Denmark4 


Baandrup 2020 


2006-2016 Retrospective 


cohort study 


using national 


registries 


Quadrivalent 


(Gardasil), 


bivalent 


(Cervarix) 


1,076,945 


females 


0: 485408; 1: NR V: ≥12 


O: not 


reported 


Yes, 1 
month 


 


Anogenital warts the Mermaid 


Project 


Denmark/Sweden1 


Dehlendorff 2018 


2006-2013 Retrospective 


cohort study 


using national 


registries 


Quadrivalent 


(Gardasil) 


2,253,561; 


females 


0: 2,091,579 


1: 712,588 


2: 557,528 


3: 530,130 


V: 13-16, 17-


19, 20-29 


O: 13-29  


Yes, 6 


months 


CIN2+ the Mermaid 


Project  


Fiji1 


Toh 2017 


Toh 2018 


Toh 2019 


February and 


March 2015 


Prospective 


cohort study 


Quadrivalent 


(Gardasil) 


200 females 0: 32 


1: 40 


2: 60 


3: 66 


V: 9-13 


O: 15-19 


Yes, 


minimum of 


6 years 


between 


vaccination 


and 


outcome 


Antibody 


geometric mean 


titre, 


seroconversion 


Department of 


Foreign Affairs and 


Trade of the 


Australian 


government and 


the Fiji Health 


Sector Support 


Program 


India1 


Sankaranarayanan 


2016 


Sankaranarayanan 


2019 


Basu 2021 


Sept 1, 2009, 


to April 8, 


2010 


Post-hoc 


analysis of RCT 


Quadrivalent 


(Gardasil) 


17,729 


females 


1: 4950 


2: 8431 


3: 4348 


V: 10-18 


O: 12-28 


No, post-


hoc analysis 


of RCT 


Antibody 


geometric mean 


titre,  


HPV infection 


Bill & Melinda Gates 


Foundation 


Italy1 


Acuti Martellucci 


2021 


2011-2018 Retrospective 


cohort study 


using 


Quadrivalent 


(Gardasil), 


bivalent 


(Cervarix) 


7785 females 0: 7394; 1: 212; 


2: 83; 3: 96 


V: 15-23 


O: 25-32 


Not in 


primary 


analysis; 


sensitivity 


abnormal 


cervical cytology 


No specific project 


funding was 


received 
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administrative 


health data 


analysis 


with 1, 6, 


and 12 


months 


Kenya1 


Barnabas 2021 


2018-2021 RCT Bivalent 


(Cervarix), 


nonavalent 


(Gardasil9) 


2275 females 0 


(Meningococcal 


vaccine): 757; 1 


(2v): 760; 1 (9v): 


758 


V: 15-20 


O: 16-22 


No, RCT Persistent (>6 


months) 


infection with 


high-risk HPV 


types, antibody 


titre, B cell 


markers, cost 


Bill & Melinda Gates 


Foundation and the 


University of 


Washington King K. 


Holmes Endowed 


Professorship in 


STDs and AIDS 


Mongolia1 


Batmunkh 2020 


2018-2019 Retrospective 


cohort study 


Quadrivalent 


(Gardasil) 


475 females 0: 357; 1: 118 V: 11-17 


O: 16-26 


Yes, 


minimum of 


6 years 


between 


vaccination 


and 


outcome 


Incident HPV 


infection, 


seropositivity, 


neutralizing 


antibody titres 


Bill and Melinda 


Gates Foundation 


Netherlands1 


Pasmans 2019 


2009-2016 Serial cross-


sectional study 


Bivalent 


(Cervarix) 


890 females 0: 51; 1: 239; 2: 


222; 3: 378 


V: 12-16 


O: 19-23 


No seroconversion, 


specific IgG 


antibody 


concentrations 


Dutch Ministry of 


Health, Welfare and 


Sports 


New Zealand1 


Innes 2020 


2010-2015 Retrospective 


cohort study 


using national 


registries 


Quadrivalent 


(Gardasil) 


104313 


females 


not reported V: not 


reported 


O: 20-24 


No CIN 2+ None reported 


Scotland1 


Cuschieri 2016 


from 2009 Retrospective 


cohort study 


using screening 


registry data 


with additional 


sampling of 


women with < 3 


doses 


Bivalent 


(Cervarix) 


5949 females 0: 3619 


1: 177 


2: 300 


3: 1853 


V: 15-17 


O: 20-21 


Yes, 


minimum of 


2 years 


between 


vaccination 


and 


outcome 


HPV infection  Not reported 


Scotland2 


Pollock 2014 


2008–2012 Retrospective 


cohort study 


using linked 


national 


registry data 


Bivalent 


(Cervarix) 


106,052 


females 


0: 75,113 


1: 1315 


2: 2725 


3: 25,898 


V: 15-17 


O: 20-21 


Yes, 


minimum of 


2 years 


between 


vaccination 


CIN 1, 2, 3 partially funded by 


Scottish 


Government Chief 


Scientists Office 
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and 


outcome 


Scotland3 


Cameron 2017 


2008-2015 Retrospective 


cohort study 


using linked 


national 


registry data 


Bivalent 


(Cervarix) 


137,689 


females 


0: 75,684 


1: 2258 


2: 4462 


3: 55,303 


V: 12-17 


O: 20-21 


Yes, 


minimum of 


2 years 


between 


vaccination 


and 


outcome 


CIN 1, 2, 3 Not reported 


Scotland4 


Kavanagh 2014 


Cameron 2016 


 


2009-2012 Retrospective 


cohort study 


using linked 


national 


registry data 


Bivalent 


(Cervarix) 


4729 females 0: 3418 


1: 55 


2: 106 


3: 1100 


V: 15-17 


O: 20-21 


Yes, 


minimum of 


2 years 


between 


vaccination 


and 


outcome 


HPV infection Scottish 


Government and 


Chief Scientists 


Office 


Scotland5 


Kavanagh 2017 


2009-2015 Retrospective 


cohort study 


using linked 


national 


registry data 


Bivalent 


(Cervarix) 


8584 females 0: 4008 


1: 223 


2: 391 


3: 3962 


V: 12-17 


O: 20-21 


Yes, 


minimum of 


2 years 


between 


vaccination 


and 


outcome 


HPV infection Scottish 


Government and 


Chief Scientists 


Office 


Scotland6 


Palmer 2019 


2008-2016 Retrospective 


cohort study 


using linked 


national 


registry data 


Bivalent 


(Cervarix) 


138,692 


females 


0: 64,026, 1: 


2051, 2: 4135, 3: 


68,480 


V: 12-17 


O: 20 


Yes, 


minimum of 


2 years 


between 


vaccination 


and 


outcome 


Cytological and 


histological 


abnormalities  


Scottish National 


Health Service. No 


funding has been 


received from 


industry 


Spain2 


Navarro-Illana 2017 


Jan 2009 - 


Dec 2014 


Retrospective 


cohort study 


using national 


registries 


Quadrivalent 


(Gardasil) 


279,787 


females 


0: NR 


1: NR 


2: NR 


3: NR 


V: 14 


O: 14-19 


No Anogenital warts The Foundation for 


the Promotion of 


Health and 


Biomedical 


Research of 


Valencia Region 


(FISABIO); Sanofi 


Pasteur sponsored 


the medical writer 
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Spain3 


Muñoz-Quiles 2022 


2009-2017 Retrospective 


cohort study 


using regional 


database 


Bivalent 


(Cervarix), 


quadrivalent 


(Gardasil) 


555,185 


females 


0: 290,708; 1 2v: 


10,410; 1 4v: 


1823; 2 2v: 


27,517; 2 4v: 


3526; 3 2v: 


89,213; 3 4v: 


53,579 


V: not 


reported 


O: 14-23 


Not in 


primary 


analysis; 


sensitivity 


analysis 


with 6 


months 


Anogenital warts Merck Sharp & 


Dohme 


Sweden1 


Herweijer 2014 


January 1, 


2006, to 


December 31, 


2010 


Retrospective 


cohort study 


using 


population-


based health 


registries 


Quadrivalent 


(Gardasil) 


1,045,165 


females 


0: 926,119 


1: 115,197 


2: 107,338 


3: 89,836 


V: 10-19 


O: 10-24 


Yes, 3 


months; 


sensitivity 


analyses 


with 0 to 12 


months 


Anogenital warts Swedish 


Foundation for 


Strategic Research, 


Sanofi Pasteur 


Merck Sharp Dome 


and 


GlaxoSmithKline 


Switzerland1 


Jeannot 2018 


January 2016 


and October 


2017 


Cross-sectional 


study 


Quadrivalent 


(Gardasil) 


409 


females 


0: 125, 1: 20, 2: 


60, 3: 204 


V: 11-26 


O: 18-31 


No HPV positivity Received no 


external funding 


Uganda1 


LaMontagne 2014 


2008-2009 Prospective 


cohort study 


Bivalent 


(Cervarix) 


376  


females 


1: 36 


2: 145 


3: 195 


V: 10-11 


O: 12-15 


Yes, 


minimum 38 


months 


between 


vaccination 


and 


outcome 


Antibody 


geometric mean 


titre 


Bill & Melinda Gates 


Foundation 


Tanzania1 


(DoRIS) 


NCT02834637 


March 2017 


to January 


2018 


RCT Bivalent 


(Cervarix); 


nonavalent 


(Gardasil9) 


930 females 1: 155 (2v), 155 


(9v) 


2: 155 (2v), 155 


(9v) 


3: 155 (2v), 155 


(9v) 


V: 9-14 


O: 10-16 


No, RCT Immunogenicity UK Department for 


International 


Development 


(DFID)/ MRC/ 


Wellcome Trust 


Joint Global Health 


Trials Scheme and 


the Bill and Melinda 


Gates Foundation 


Thailand1 


NCT03747770 


From 2018 Cluster RCT Bivalent 


(Cervarix) 


4723 females 1: 2399  


2: 2324 


V: <15 


(Grade 8) 


O: <17 


No, cluster-


RCT 


HPV infection 


(urine samples) 


Bill & Melinda Gates 


Foundation 


USA1 


Hofstetter 2016 


2007-2014 Retrospective 


cohort study 


using medical 


Quadrivalent 


(Gardasil) 


4127 females 0: 1632 


1: 695 


2: 604 


3: 1196 


V: 11-20 


O: 11-27 


Yes, 1 


month 


Abnormal 


cervical cytology 


Merck Investigator-


Initiated Studies 


Program 
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centre 


databases 


USA2 


Hariri 2018 


2006-2012 Retrospective 


cohort study 


using health 


insurance 


database 


Quadrivalent 


(Gardasil) 


64,517 


females 


0: 31,563 


1: 5864 


2: 5459 


3: 21,631 


NR Not in 


primary 


analysis, 


sensitivity 


analysis 


with 6 and 


12 months 


Anogenital warts Centre for Disease 


Control and 


Prevention 


USA6 


Perkins 2017 


Jan 2007 - 


Dec 2013 


Retrospective 


cohort study 


using 


commercial 


claims database 


Quadrivalent 


(Gardasil) 


387,906 


females 


0: 201,933 


1: 30,438 


2: 36,583 


3: 118,962 


V: 9-25 


O: 9-25 


Yes, 12 


months 


Anogenital warts American Cancer 


Society  


USA9 


Silverberg 2018 


Jan 1, 1995, 


and June 30, 


2014 


Case-control 


study 


Quadrivalent 


(Gardasil) 


26,130 


females 


0: 3928 cases / 


19365 controls, 


1: 118/638 2: 


97/457 3: 


214/1313  


V: 14-21  


O: Up to 34 


No CIN2+, CIN3+  US National Cancer 


Institute 


USA10 


Flagg 2017 


2003–2014 Retrospective 


cohort study 


Quadrivalent 


(Gardasil) 


270,481 


females 


>=1: 75,735 V: Median 


age 15 years 


O: NR 


No Anogenital warts Not reported 


USA11 


Zeybek 2018 


2006 - 2015 Retrospective 


cohort 


Quadrivalent 


(Gardasil) 


440,532; 


females; 


133,394; 


males 


0: 220,266 1: 


54,280 2: 55,632 


3:177,051 


V: 9-26 


O: 9-29 


Yes, 3 


months 


Anogenital warts  William & Mary 


McGanity Research 


Fund Award from 


the Department of 


Obstetrics & 


Gynecology at The 


University of Texas 


Medical Branch at 


Galveston 


USA12 


Chandler 2018 


2013-2015 Prospective 


cohort study 


Quadrivalent 


(Gardasil) 


236; males >=1: 104 


3: 49 


V: NR 


O: 13-26 


No HPV infection National Institute 


of Allergy and 


Infectious Diseases, 


National Institute 


of Health 


USA13 


Castle 2019 


December 12, 


2006, to 


December 13, 


2016 


Prospective 


cohort study 


Quadrivalent 


(Gardasil) 


75,008; 


females 


0: 59,860 1: 


3,542 


2 or more: 


11,048 


V: <18–24  


O: 21–24  


No Cytological 


abnormalities  


Not reported 
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USA14 


Spinner 2019 


2006-2017 Cross-sectional 


study (4 waves) 


Quadrivalent 


(Gardasil) 


1580 females NR  V: unclear 


O: 13-26 


No HPV infection the National 


Institutes of Health  


USA15 


Washington 2018 


2013-2017 Cross-sectional 


study 


Quadrivalent 


(Gardasil), 


nonavalent 


(Gardasil9) 


735; females >=1: 559 3: 448 V: NR 


O: 13-26 


No HPV infection National Institute 


of Allergy and 


Infectious Diseases, 


National Institute 


of Health 


USA16 


Hurt 2016 


2006-2012 Retrospective 


cohort study 


Quadrivalent 


(Gardasil) 


2091; 


females 


1: 146; 2: 166; 3: 


480 


V: NR 


O: 4-6 years 


No Seroconversion Not reported 


USA17 


Moscicki 2019 


2007-2017 


Prospective 


cohort study 


Quadrivalent 


(Gardasil) 


458 HIV 


infected or 


exposed 


uninfected 


females and 


males 


0: 66; 1: 245; 2: 


47; 3: 101 


V: mean 13.3 


(SD 2.5) 


O: mean 


16.7 (SD 2.4) 


No antibody titres, 


seroconversion, 


genital warts, 


abnormal 


cytology 


Eunice Kennedy 


Shriver National 


Institute of Child 


Health and Human 


Development 


USA18 


Widdice 2019 


2013–2014, 


2016-2017 


Cross-sectional 


survey study 


Quadrivalent 


(Gardasil), 


nonavalent 


(Gardasil9) 


746 males 0: 471; 1: 58; 2: 


37; 3: 143; 


unknown: 38 


V: mean 15.1 


to 16.2 


O: 13-26 


No Penile or anal 


HPV infection 


National Institute 


of Allergy and 


Infectious Diseases 


USA19 


Covert 2020 


2009-2017 Cross-sectional 


surveillance 


study 


Quadrivalent 


(Gardasil) 


1209 females at least 1: 825 V: mean 14.4  


O: 13-26 


No HPV prevalence 


from cervico-


vaginal swabs 


Not reported 


USA20 


Markowitz 2020 


2012-2017 Retrospective 


cohort study 


Quadrivalent 


(Gardasil) 


4269 females 0: 1052; 1: 303; 


2: 304; 3: 2610 


V: not 


reported 


O: 20-29 


Yes, median 


5-6 years 


between 


vaccination 


and 


outcome 


Prevalence of 


HPV types in 


cytology samples 


at routine 


cervical cancer 


screening 


Centers for Disease 


Control and 


Prevention 


USA21 


Johnson Jones 


2020 


2008-2014 Test-negative 


design 


Quadrivalent 


(Gardasil) 


3300 females 0: 2731; 1: 136; 


2: 108; 3: 325 


V: 12-26 


O: 18-34 


Yes, 24 
months as 
primary 
analysis; 
sensitivity 
analysis with 
1, 12, 24, 36 
months 


CIN2+ Centers for Disease 


Control and 


Prevention 


USA22 


Rodriguez 2020 


2006-2015 Retrospective 


matched cohort 


study using 


Quadrivalent 


(Gardasil) 


133082 


females 


0: 66541; 1: 


13630; 2: 14088; 


3: 38823 


V: 9-26 


O: 14-31 


Yes, 12 
months 


 


CIN2+; HSIL National Institutes 


of Health; Cancer 


Prevention 
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administrative 


databases 


Research Institute 


of Texas 


USA23 


Abel 2021 


2009-2016 Cross-sectional 


study 


Quadrivalent 


(Gardasil) 


5798 females 0: 4801; 1: 198; 


2-3: 799 


V: not 


reported 


O: 18-36 


No Prevalence of 


oral HPV 


infections 


Denise Cobb Hale 


and The Fisher 


Family Fund 


USA24 


Gargano 2021 


2009-2016 Retrospective 


cohort study 


using linked 


regional 


registries 


Bivalent 


(Cervarix); 


Quadrivalent 


(Gardasil); 


Nonavalent 


(Gardasil9) 


773,193 


females 


0: 559,789; 1: 


43,245; 2-3 


doses: 170,159 


V: 80% <20 


years 


O: not 


reported 


No CIN3+ Immunization grant 


funds under the 


Public Health 


Service Act and 


National Program 


of Cancer Registries 


grant awards 


USA25 


Sonawane 2019 


2009-2016 Cross-sectional 


study 


Quadrivalent 


(Gardasil) 


1620 females 0: 1004; 1: 106; 


2: 126; 3: 384 


V: not 


reported 


O: 18-26 


No HPV infection the National Cancer 


Institute of the 


National Institutes 


of Health and The 


Cancer Prevention 


Research Institute 


of Texas 


AIS= adenocarcinoma in situ; CIN= cervical intraepithelial neoplasia; HPV= human papilloma virus; NR= not reported; O= (age at) outcome; RCT= randomised controlled 


trial; V= (age at) vaccination. *Buffer period indicates the time lag between vaccination and counting of outcomes. 
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Appendix 4. ROB 2 assessments for RCTs 
Study 


name 


1. Risk of bias arising 


from the 


randomization process 


2. Risk of bias due to deviations from 


the intended interventions 


3. Missing outcome data 4. Risk of bias in 


measurement of the outcome 


5. Risk of bias in 


selection of the 


reported result 


6. 


Overall 


risk of 


bias 


Canada4 


Gilca 2018 


Some concerns Low Low Low Low Some 


concerns 


Allocation sequence 


random. No 


information on 


allocation concealment. 


No significant baseline 


differences between 


groups. 


“Subjects and their parents were 


blinded to which group they were 


allocated” (report) “Masking: Triple 


(Participant, Care Provider, Outcomes 


Assessor)” (registry).  


345 participants were analysed out of 


371 randomized. Nearly all 


participants were analysed. 


Methods of measuring the 


outcomes were appropriate 


and unlikely to have differed 


between groups. Outcomes 


were measured by objective lab 


test so is unlikely to have been 


influenced by knowledge of the 


intervention received. 


Results were 


reported according 


to outcome list in 


online trial record. 


 


China1 


Hu 2020 


Some concerns Low Some concerns Low Low Some 


concerns 


Allocation sequence 


random. No 


information on 


allocation concealment. 


No significant baseline 


differences between 


groups. 


Only investigators and outcome 


assessors were blinded to the 


intervention groups; participants were 


not blinded. There was no reason to 


suspect important non-protocol 


interventions were not balanced or 


that there were failures in 


implementing the intervention. Only 


one participant crossed over, which we 


consider negligible. 


Outcome data were not available for 


all or nearly all participants (605 


randomized; 513 (HPV16) to 537 (HPV 


18) analysed). Although reasons for 


missing data were not reported for all 


missing participants, it was unlikely 


that missingness depended on the 


true value of the outcome since 


missing proportions were similar 


between groups. 


Methods of measuring the 


outcomes were appropriate 


and unlikely to have differed 


between groups. Outcome 


assessors were blinded. 


Results were 


reported according 


to analysis plan in 


prospectively 


registered trial 


record. 


 


Kenya1 Low Low Some concerns Low Low Some 


concerns 
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Study 


name 


1. Risk of bias arising 


from the 


randomization process 


2. Risk of bias due to deviations from 


the intended interventions 


3. Missing outcome data 4. Risk of bias in 


measurement of the outcome 


5. Risk of bias in 


selection of the 


reported result 


6. 


Overall 


risk of 


bias 


Barnabas 


2021 


Allocation sequence 


random and concealed. 


No significant baseline 


differences between 


groups. 


Participants, carers, and people 


delivering the interventions were 


blinded to the intervention groups. 


Available case analysis was used which 


is considered appropriate for 


estimating the effect of assignment to 


intervention. 


Outcome data were not available for 


all or nearly all participants (2275 


randomized; 1457 analysed).  


Methods of measuring the 


outcomes were appropriate 


and unlikely to have differed 


between groups. Outcome 


assessors were blinded. 


Results were 


reported according 


to analysis plan in 


protocol and 


prospectively 


registered trial 


record. 


 


Tanzania1 


DoRIS 
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Appendix 5. ROBINS-I assessment for non-randomised studies   
Low risk  the study is comparable to a well-performed randomised trial 


Moderate risk  the study provides sound evidence for a non-randomised study but cannot be considered comparable to a well-performed randomised trial  


Serious risk  the study has some important problems  


Critical risk  the study is too problematic to provide any useful evidence and should not be included in any synthesis  


 


 Bias due to 


confounding 


Bias in selection 


of participants 


into the study 


Bias in 


classification of 


interventions 


Bias due to 


deviations from 


intended 


interventions 


Bias due to 


missing data 


Bias in 


measurement 


of outcomes 


Bias in selection 


of the reported 


result 


Overall 


Australia1 Serious Serious Low Low Moderate Low Moderate Serious 


Australia3 Serious Serious Low Low Moderate Low Moderate Serious 


Australia4 Serious Serious Low Low Moderate Low Moderate Serious 


Belgium2 Serious Moderate Low Low Moderate Moderate Moderate Serious 


Canada3 Serious Moderate Low Low Moderate Moderate Moderate Serious 


Canada5 Serious Serious Low Low Low Low Moderate Serious 


Canada6 Serious Serious Serious Low Low Low Moderate Serious 


Costa Rica1 Moderate Low Low Low Low Low Moderate Moderate 


CVT/PATRICIA Moderate Low Low Low Moderate Low Low Moderate 


Denmark2 Serious Moderate Low Low Low Moderate Moderate Serious 


Denmark3 Serious Moderate Low Low Low Moderate Moderate Serious 


Denmark4 Serious Moderate Low Low Low Low Moderate Serious 


Denmark/Sweden1 Serious Moderate Low Low Low Moderate Moderate Serious 


Fiji1 Serious Serious Low Low Low Low Moderate Serious 


India1 Moderate Low Low Low Low Low Moderate Moderate 


Italy1 Serious Serious Low Low Low Moderate Moderate Serious 


Mongolia1 Moderate Moderate Low Low Low Low Moderate Moderate 
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Netherlands1 Critical Serious Low Low Serious Low Moderate Critical 


New Zealand1 Critical Serious Low Low Moderate Moderate Moderate Critical 


Scotland1 Serious Serious Low Low Low Moderate Moderate Serious 


Scotland2 Serious Serious Low Low Low Moderate Moderate Serious 


Scotland3 Serious Serious Low Low Low Moderate Moderate Serious 


Scotland4 Serious Serious Low Low Low Moderate Moderate Serious 


Scotland5 Serious Serious Low Low Low Moderate Moderate Serious 


Scotland6 Serious Serious Low Low Moderate Moderate Moderate Serious 


Spain2 Serious Moderate Low Low Moderate Moderate Moderate Serious 


Spain3 Serious Moderate Low Low Moderate Moderate Moderate Serious 


Sweden1 Serious Moderate Low Low Low Moderate Moderate Serious 


Switzerland1 Serious Serious Serious Low Moderate Moderate Moderate Serious 


Thailand1 Moderate Low Low Moderate Moderate Low Moderate Moderate 


Uganda1 Serious Low Low Low Low Low Moderate Serious 


USA1 Serious Serious Low Low Moderate Moderate Moderate Serious 


USA2 Moderate Moderate Low Low Low Moderate Moderate Moderate 


USA6 Serious Serious Low Low Low Moderate Moderate Serious 


USA10 Critical Critical Low Low Serious Moderate Serious Critical 


USA11 Serious Moderate Low Low Low Moderate Moderate Serious 


USA12 Serious Critical Serious Low Moderate Low Moderate Critical 


USA13 Serious Serious Low Low Moderate Moderate Moderate Serious 


USA14 Serious Serious Low Low Moderate Low Moderate Serious 


USA15 Critical Critical Serious Low Serious Moderate Serious Critical 


USA16 Serious Serious Low Low Moderate Low Moderate Serious 


USA17 Critical Critical Serious Low Moderate Low Low Critical 


USA18 Serious Moderate Moderate Low Low Low Moderate Serious 


USA19 Serious Moderate Serious Low Serious Moderate Moderate Serious 


USA20 Serious Serious Low Low Low Low Moderate Serious 


USA21 Serious Serious Low Low Low Low Moderate Serious 
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USA22 Serious Moderate Low Low Low Moderate Moderate Serious 


USA23 Serious Moderate Serious Low Serious Low Moderate Serious 


USA24 Serious Moderate Low Low Low Low Moderate Serious 


USA25 Serious Moderate Serious Low Moderate Low Moderate Serious 


 


Note: to perform the assessment of ROBINS-I shown above we selected one outcome of interest (for this review) that was reported from each study. The 


specific outcome selected differs per study so this assessment should not be used to compare studies. For other outcomes reported in the studies, the 


assessment may change.    
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Appendix 6. SIGN-50 assessment for case-control studies 
 


Low risk  


Unclear risk  


High risk  


Critical questions  


 


 Clear Q & 


Protocol 


Selection of subjects Assessment of 


exposure 


Confounding Other bias Final 


 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 1.10 1.11 1.12 


Australia2 High Low Low Low Unclear Low High Low Unclear High Low Low High 


Canada2 High Low Low Unclear Unclear Low Low Low Low High Unclear Low High 


USA9 High Low Low Low Unclear Low Unclear Unclear Unclear High Low Low High 
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POLIO ERADICATION UPDATE 


Purpose of session 


(pleases include specific questions for which SAGE advice is being sought and the anticipated output 


or product of the session) 


SAGE will be updated on the progress of polio eradication in the context of the COVID-19 pandemic 


and on the significantly improved poliovirus epidemiology in the endemic countries. At the same 


time, SAGE will hear about the continuing vaccine derived poliovirus type 2 outbreaks (cVDPV2) in 


Africa and Asia.  


SAGE will be briefed on the early stages of planning for complete withdrawal of oral poliovirus 


vaccines (OPV) planned to be carried out one year after the certification of poliovirus eradication, 


and will be asked for guidance on scientific and data needs to succeed in this process. SAGE will 


further be briefed on signals from safety monitoring of the novel OPV2 (nOPV2) by the Global 


Advisory Committee on Vaccine Safety (GACVS). In addition, initial analysis of field efficacy of nOPV2 


will be discussed. 


EURO regional technical advisory group (ETAGE) chair will discuss pros and cons of the use of type 2 


OPV in EURO and will suggest to carry out analysis of different response options to cVDPV2 


outbreaks in EURO and potentially other polio-free regions for SAGE’s consideration.   


These specific questions will be presented for recommendation and endorsement: 


1. To recommend on way forward regarding planning for bOPV withdrawal post certification


2. To provide guidance to EURO on use of poliovirus 2 containing vaccine in polio-free regions


Background description 


In 2021, there have been only 5 cases of wild poliovirus type 1 (WPV1) detected from Afghanistan 


and Pakistan – the two remaining endemic countries. This past January 27, 2022, marks one year 


since the last detected paralytic case in Pakistan.  


WPV1 has been detected in a paralyzed child in Malawi with onset of paralysis in November 2021. 


The closest genetically related WPV1 to this virus was WPV1 detected in Pakistan in 2019. At the 


moment it is not clear whether the virus had been imported into Africa recently or whether it has 


been already circulating in Africa for some time. This importation of WPV1 into Africa is a setback for 


the eradication program which requires immediate and decisive vaccination response in the South-


African subregion. Vaccination campaigns with bOPV have started in the end of March and will 


continue with several rounds until June 2022. 


Circulating vaccine derived poliovirus type 2 (cVDPV2) outbreaks have been increasingly under 


control across Africa and several Asian countries. However, notable exceptions include Nigeria, 


which has experienced a ~50-fold increase in cVDPV2 cases in 2021, and Senegal, where delayed 


vaccination response to cVDPV2 outbreak led to further cVDPV2 spread. Additionally, there have 


been detections of cVDPV2 in new countries such as Ukraine, Djibouti, Yemen and others. cVDPV3 


has been detected in Israel. The international spread of poliovirus continues to be considered an IHR 


Public Health Emergency of International Concern.   


COVID-19 pandemic continued to pose challenges on the program: several planned vaccination 


campaigns to respond to cVDPV2 outbreaks were delayed or cancelled. On the other hand, the polio 


workforce has become an active participant to support COVID-19 vaccination efforts.  
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The deteriorating humanitarian crisis in Afghanistan makes surveillance and campaign 


implementation especially challenging. However, the Taliban rule has reinstated nationwide polio 


immunization campaigns for the first time in more than three years in Afghanistan. These have 


reached 8.5 million children, including 2.4 million who were previously inaccessible.  


bOPV withdrawal (or cessation) from routine immunization use is planned to occur one year after 


the certification of poliovirus eradication. With the current timelines, the cessation is expected to 


occur in 2027. It is, however, imperative to initiate planning early as there are many activities that 


require a long lead time (such as refinement of scientific negotiations on vaccine stockpiles with 


vaccine manufacturers, development of novel type 1 and 3 vaccines, regulatory approvals etc.) 


During this meeting, an early plan for bOPV cessation will be presented for endorsement. 


Novel OPV2 (nOPV2) was granted recommendation for use in outbreak response under the 


Emergency Use Listing (EUL) mechanism- making it the first vaccine to ever receive this type of 


recommendation from WHO. In the past meetings SAGE provided recommendations on initial and 


wider use of nOPV2, and on a framework for use of type 2 containing vaccines. In the current 


meeting, SAGE will be informed about the wider use of nOPV2, continued clinical development; and 


additional assessment of safety data by GACVS. SAGE will also be informed about the initial attempts 


to estimate nOPV2 impact in the field. 


European Region of the WHO (EURO) discussed the use of type 2 live poliovirus vaccine (OPV2) for 


outbreak response during EURO’s technical advisory group meeting (ETAGE). EURO is seeking 


guidance on the use of OPV2 vaccines for cVDPV2 outbreak response.  
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1st March – 3rd March 
Virtual Meeting 2022 


23rd Meeting of the SAGE Polio Working Group 


Conclusions and recommendations 
Note for the Record 
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Background  
The 23rd meeting of the SAGE Polio Working Group (WG) was held on March 1-3, 2022, as a 
virtual meeting.  
Dr. Ilesh Jani chaired the meeting. This note presents a summary of presentations, 
discussions, and recommendations.  
Slides from presentations given at the meeting are found at the dropbox folder below:  
 
23rd polio SAGE WG meeting - Dropbox 
 
Context and topics  
Topics for review/information:  


1. Update on the status of the GPEI program 
2. Update on the status of nOPV2 development, assessment of field effectiveness and 


experience with use 
Expected outcomes of the meeting:  


1. To recommend on way forward regarding planning for bOPV withdrawal post 
certification  


2. To provide guidance to EURO on use of poliovirus 2 containing vaccine in the European 
region  
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Minutes of the meeting and SAGE WG discussions [note: R-for Review/information; D-for 
decision] 
 
Day 1 
1 March 2022 
Polio program update [R] 
A. O’Leary 
 
The last 12 months have shown the lowest global record in WPV1 cases (n = 7), with no new 
cases in Pakistan since January 2021. Pakistan and Afghanistan continue to be two remaining 
endemic countries, however, in December 2021 there was a detected AFP case of WPV1 in 
Malawi. The sequencing of the case revealed that it is genetically linked to a variant from 
Sindh Pakistan from October 2019. Since the detection of the imported WPV1 case in 
Malawi, the GPEI has launched a major surveillance and support network. The multi-
country (Malawi, Mozambique, Tanzania, Zambia, and Zimbabwe) outbreak response 
includes four rounds of bOPV.  
 
As per cVDPVs, in the last 12 months, the number of cVDPV cases has decreased, and in the 
last 6 months more than 90% of cVDPV2 cases globally have been detected in Nigeria. The 
main challenge remains in the quality of the outbreak responses. In 2021-2022 there have 
been 25 active cVDPV2 emergences (with continuity in Nigeria, DRC and Somalia). nOPV2 SIA 
rounds have been implemented largely throughout western and central Africa as well as in 
Egypt and Tajikistan in the past year (~255M doses administered). From this month forward, 
only Somalia is scheduled for an mOPV2 SIA round. Finally, tOPV is currently scheduled in 
Yemen due to cVDPV1 and cVDPV2 co-circulation.  
 
Discussion  


• The SAGE WG noted that the overall approach for the WPV1 detection in Malawi is 
an immediate immunization response, heightened surveillance, and an assessment 
of what can be done to strengthen routine immunization.  


• In respect the Ukraine situation with risk of exportation of cVDPV2 to EURO countries, 
the SAGE WG stated the importance of continuing to develop and expand surveillance, 
alongside new technologies to aid this. In addition, the SAGE WG emphasised that 
sufficient priority should be given to polio surveillance by member states.  


• Some members stressed the importance of ensuring that the response to Malawi 
detection is a continental effort (make a call on Kick Polio Out of Africa organization); 
however, the short-term priority should be an aggressive and immediate response in 
Malawi and the neighboring countries.  


• The WG requested in the next meeting for a focused update on the Pakistan and 
Afghanistan situation and on GPEI surveillance. 
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IPV/OPV Joint Session: supply production, implementation & financing [R] 
I. Lewis (UNICEF SD), A. Ramirez Gonzalez (WHO IVB), Y. Folly (Gavi) 
IPV Supply and implementation 
 
The supply of IPV is more than sufficient for all countries to introduce the second dose of IPV 
(IPV2) and complete catch-up immunization; and it is likely that 2022 will end with significant 
supply available with manufacturers. There are currently 5 IPV manufacturers (Sanofi, 
Shantha, Bilthoven, AJ Vaccines and LG Chem) with the recent addition of BIBP supplying IPV 
to Unicef. As for nOPV2, demand exceeds supply availability; however, stockpiles of mOPV2 
and tOPV surpass the projected demands of 2022 (pending a risk assessment of Ukraine and 
Mozambique). The demand for bOPV continues to decline as large volumes of doses are 
carried from previous years.  
 
As of March 2022, almost 79% of the global missed cohort has completed IPV catch-up since 
the 2016 switch. Since the last update to the SAGE WG, 3 countries have conducted catch-up 
activities. Missed cohorts in the remaining countries, especially 6 that have not yet applied, 
are at risk of not receiving IPV when Gavi support window closes at the end of 2022.  
 
There are 63 countries included in the roll-out of IPV2 through Gavi. There are 19 countries 
that have not yet made plans for IPV2 introduction, including some at high risk in the AFRO 
region (i.e., Malawi, Tanzania etc.). In 2022, the Gavi board is expected to review support 
modalities for IPV following OPV cessation. Most countries which have introduced IPV 
through Gavi have chosen the later schedule (IPV1 at 14 weeks and IPV2 at 9 months).  
 
Discussion:  


• The SAGE WG noted that Gavi support for IPV catch-up campaigns will close at the end 
of 2022, with 6 Gavi eligible countries remaining to plan their catch-up due to COVID-
19 delays. 


o The SAGE WG reinforced their recommendation for remaining countries to 
complete IPV catch-up as soon as implementation is safe and feasible, and to 
encourage countries to leverage opportunities for integration. 


o The SAGE WG enquired about the possibility of GAVI extending their window 
for funding, noting the implementation delays due to COVID-19. 


o Gavi noted that the December 31st, 2022, deadline is for application 
submission, but that countries will continue to be eligible for IPV catch-up 
support beyond 2022. They noted that assessment will be done to ensure that 
remaining 6 countries apply in the imparted timeframe. It was also noted that 
an alternative, integrated response (i.e., multi-antigen campaign) supported 
by Gavi can also be sought, such as through the ‘zero-dose’ agenda. 


• The WG emphasised that all remaining countries should add IPV2 into their 
immunization schedules.  
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OPV Cessation Planning [D] 
O. Mach 
 
To complete and sustain polio eradication, OPV cessation from routine immunization is 
essential. This is planned to occur one year after global certification of wild poliovirus, 
estimated to be in 2026. GPEI needs to plan this well in advance to avoid any pitfalls, such as 
those observed in the 2016 tOPV-bOPV switch. Several issues are requiring long 
implementation times (i.e., mOPV1&3 stockpile, nOPV1&3 development, IPV supply 
assurance and an iVDPV plan). SAGE discussed in October 2019 the bOPV cessation readiness 
criteria; SAGE WG will be asked to revise or reconfirm the validity of the proposed outline.  
This is an effort that will include GPEI and other stakeholders such as IVB team at WHO, 
vaccine manufacturers and others.  
 
The presentation provided brief summary of current work on iVDPV surveillance and patient 
management. Persons with primary immunodeficiencies (PID) may excrete poliovirus for a 
longer period of time of months up to years, compared to one month in healthy individuals. 
In some instances, Sabin (vaccine) poliovirus develops into VDPV in PID patients, in this case 
referred to as iVDPV. This poses major risks at the individual level, and at the community level 
due to outbreak seeding. Thus, iVDPV excretion is not compatible with global poliovirus 
eradication. GPEI included surveillance for iVDPV in its new edition of the Global Poliovirus 
Surveillance Action Plan; in addition, product development activities on polio antivirals and 
monoclonal antibodies are advancing to provide therapeutic options to long term poliovirus 
excretors. 
 
The ask to the SAGE WG was to endorse the establishment of an “OPV Cessation Team” to 
coordinate OPV cessation. This team would include GPEI and non-GPEI stakeholders. 
 
Discussion:  


• The SAGE WG endorsed the establishment of an “OPV Cessation Team” and noted 
that the SAGE WG will provide ongoing guidance.  


• The WG noted that clinical and regulatory work for more genetically stable OPVs such 
as nOPV1 and nOPV3 development must proceed in parallel; there is need for a clear 
vision and statement of criticality and availability of these tools (i.e., vaccinations, 
monoclonal antibodies, environmental surveillance etc) to ensure clinical 
development and vaccine manufacturing strategies are in line with the future vaccine 
use policy. 
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Day 2 
2 March 2022  
 
EUROTAG (ETAGE): PV2 containing vaccine in EURO [D] 
A. Finn, D. Salisbury  
 
There have been several detections of cVDPV2 in the European Region in the past year in 
Tajikistan (January 2021), Ukraine (October 2021) and Spain (August 2021, no additional 
isolates). The most recent outbreak in Ukraine is closely related to the Tajikistan outbreak 
(part of the PAK-GB-1 emergence) and has risk of exportation to bordering countries due to 
the current displacement of the population. 
 
The current SAGE recommendation is to prioritize a timely response to cVDPV2 using any 
available type 2 OPV rather than waiting for nOPV2 requirements to be met. However, the 
ETAGE called for SAGE to consider IPV for cVDPV2 outbreak response in the EURO Region, 
noting the effect of IPV on viral shedding, structured health systems, increased hygiene, and 
a body of evidence from the past of using IPV for cVDPV2 response (Russia, China, and 
Tajikistan); and a different impact of IPV on pharyngeal and intestinal shedding.  
 
It was noted that countries that have used IPV alone for a long period of time are expected to 
resist outbreak response with OPV; some OPV products are not licensed in Europe which 
would delay their use, and a complex regulatory environment limits the possibility of 
implementing nOPV2.  
 
Discussion:  
 


• The existing SAGE recommendation for use of OPV in cVDPV2 outbreak response is 
based on the intestinal immunity induced by OPV (compared to limited intestinal 
immunity provided by IPV) and was developed with consideration of countries that 
were at high risk for polio outbreaks (i.e., African region). However, the WG agreed 
that outbreaks in settings with different epidemiology and transmission patterns 
would necessitate re-consideration of outbreak response strategies.  


• The SAGE WG requested with relative urgency a literature review and analysis of 
existing data on the role of IPV role in faecal-oral and oral-oral poliovirus 
transmission to be included on the agenda for the next WG meeting. This will 
provide an evidence base to reconsider the role of IPV in cVDPV2 outbreak response 
in certain settings.  


o The WG noted that this review should not be EURO specific, but also could be 
useful for countries if certain considerations are met.   


o The WG noted it is important to identify factors to be considered, such as 
routine immunisation coverage, and hygiene and sanitation levels. 
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o The WG noted that this should not undermine the current recommendation, 
and countries experiencing cVDPV2 outbreaks should continue to prioritise a 
timely response with the available type 2 OPV.  


 
nOPV Session [R] 
 
Brief update on nOPV2 use: roll out and path to PQ 
S. Zipursky  
 
The key milestone of nOPV2 since 2021 is the progression to the wider use phase under EUL. 
Out of 47 countries at high risk of cVDPV2, 32 are verified for nOPV2 (versus 18 since the last 
SAGE WG meeting). In 2022, the demand for nOPV2 will likely exceed the supply. The total 
projected demand is 750 million doses compared to the projected supply of 600 million doses; 
thus, the supply is estimated to only cover ~80% of the demand. mOPV2 and tOPV stockpiles 
can mitigate any gap in supply. Use of nOPV2 under EUL will continue at least through 2023 
(WHO PQ estimated in Q4 of 2023).  
 
Update on safety data and genetic stability  
G. Macklin  
 
In terms of genetic stability, 137 nOPV2 isolates have been sequenced to date from AFP cases 
and contacts. Genetic characterisation focuses on recombination, reversion, and nucleotide 
sequence changes. The primary attenuation site (domain V) had no changes. Most nOPV2 
isolates were non-recombinant but 6 recombinant isolates were found; these modifications 
were not expected to influence virus attenuation.  
 
In terms of safety, out of available data from Nigeria, Liberia, Benin, Congo, and Tajikistan, 
where around 100M doses were administered, only 6 AESIs in Nigeria were consistent with 
causal association to nOPV2. Of these, three cases of suspected VAPP were found with 
residual paralysis. The GACVS sub-committee concluded that, based on the available date, 
there was no evidence of any geographical or temporal clustering of AESI reports that would 
indicate a safety concern, and no obvious red flags or safety concerns to be noted to the SAGE, 
however noted the importance of quality vaccine safety and surveillance.  
 
Impact assessment of nOPV2 
A. Bandyopadhyay  
 
A framework is being developed to assess impact evaluation and interpret unexpected 
findings. The data sources include evaluation from: clinical trials, seroprevalence surveys, 
effectiveness (i.e., breakthrough monitoring, field studies), and modelling specific settings 
(i.e., mixed use of mOPV2 and nOPV2 under supply constraints). In 10/13 countries using 
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nOPV2, breakthrough cases and ES+ have not yet been observed. Ongoing breakthrough 
transmission in northern Nigeria requires additional investigation and continued response. 
There are currently two seroprevalence surveys with available data from Liberia and Tajikistan 
(below). The framework to contextualize and understand unexpected findings is in phase two 
of development.  
 
Field seroprevalence and immunogenicity studies (Liberia and Tajikistan)  
 
O Mach and G. Macklin 
 
The Liberia seroprevalence study was the first to assess immunogenicity of nOPV2 received 
through campaigns in children in Africa. The results found type 2 seroprevalence after two 
outbreak response campaigns with two doses of nOPV2 was 38%. There are multiple 
hypotheses about why this occurred including poor SIA coverage (despite high coverage 
indicators and parental recall). The study in Tajikistan, on the other hand, displayed high levels 
of seroconversion after nOPV2 vaccination: the seroprevalence was 26% at baseline, 76.7% 
after 1 dose and 83.3% after 2 doses. Of note, the first nOPV2 dose was more immunogenic 
than the second (seroconversion 67.4% vs. 44.2%, p=0.01).  
 
Effectiveness study of of nOPV2 and mOPV2 in Nigeria  
 
L. Cooper 
  
Individual-level effectiveness (case-control analysis) and community-level impact 
(interrupted time-series analysis) studies are being designed and implemented. Preliminary 
results from effectiveness evaluations demonstrate nOPV2 and mOPV2 to have no significant 
difference in their estimates (both low). cVDPV2 cases in Nigeria reported to have received 
multiple OPV doses through SIAs; either nOPV2 SIA effectiveness is low and/or dose reporting 
is biased upwards. Impact assessment revealed significant difference in impact on incidence 
of poliomyelitis between nOPV2 and mOPV2 SIAs in northern Nigeria (per-SIA mOPV2 RR 0.60 
[0.46-0.77] and nOPV2 RR 0.95 [0.84-1.07]). There is a demonstrated good performance of 
nOPV2 in Benin, Congo, Liberia, Tajikistan and Sierra Leone.  
 
Discussion:  


• The SAGE WG were pleased to hear the review of the safety and genetic stability data 
and noted the comments by the GACVS sub-committee on nOPV2. 


• The WG discussed the different hypothesis for the lower seroprevalence reported in 
Liberia than Tajikistan and mentioned the demonstrated geographic variation in 
immunogenicity with Sabin OPVs that has been reported over decades. The WG noted 
that in Liberia, no additional cases were detected, the outbreak was closed and there 
were no additional nOPV2 rounds recommended by the Ministry of Health.  
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o One member expressed concern that the results from the Liberia study may 
have a negative impact on African countries to adopt nOPV2 and requested 
further studies in the region 


o It was noted that we will learn more about the profile of nOPV2 (e.g. 
immunogenicity in vaccine naive children) from further clinical trials in 
Bangladesh and The Gambia.  


• A working group member noted it is important to separate the concept of vaccine 
efficacy (individual) and vaccine effectiveness (population, broader scope): 


o Explosive outbreaks can be self-limiting by burning out susceptible persons so 
even a campaign with limited coverage can interrupt transmission 


o Breakthrough transmission can come from a small population where campaign 
effectiveness was low, and it makes the whole campaign look ineffective when 
really it can be a small gap in performance 


• It was noted that the nOPV2 WG are developing a framework for a comprehensive 
analysis of nOPV2 performance in 4 areas: safety, genetic stability, intestinal 
excretion, and effectiveness, to provide a more holistic understanding of vaccine 
performance. 


Day 3 
 
3 March 2022 
Closed session: Finalizing WG recommendations 
WG members 
 
Closed session: Polio Position Paper revision  
G. Macklin  
 
The draft of the position paper will be shared for peer review to members of the SAGE WG 
on 11th March, with 3-4 weeks for review. The final submission date for the position paper to 
the Weekly Epidemiological Record (WER) is 27th May, with an expected publication date of 
24th June 2022. 
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23rd Meeting of the SAGE Polio Working Group (WG) 


VIRTUAL MEETING 


March 1-3, 2022 


AGENDA  


Topics for review/information: 


1. Update on status of the GPEI program 


2. Update on current status of nOPV development, assessment of field efficacy and experience with use  


Expected outcomes of the meeting:   


1. To recommend on way forward regarding planning for bOPV withdrawal post certification 


2. To provide guidance to EURO on use of poliovirus 2 containing vaccine in the European region 


 
Day 1 (March 1) [note: R-for Review/information; D-for decision]  


 
15:00 - 15:15     Welcome and opening remarks [R]    WG Chair   


15:15 – 15:45  Polio program update [R]               A. O’Leary 


• Progress towards eradication of WPV and elimination of cVDPV2 


• Update on implementation of the new Polio Eradication Strategy 


15:45 – 16:15   Discussion  


16:15 - 16:30        Break 


16:30 – 17:00 IPV/OPV joint session: supply, production, implementation & financing [R]  


(including update on 2nd IPV dose implementation and hexavalent vaccine) A. Ottosen, D. Chang- 


Blanc, S. Sosler  
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17:00 – 17:20 bOPV Cessation: review of existing SAGE recommendations and  planning ahead 


Including brief update on surveillance for VDPVs among immunodeficient persons (iVDPV) [D] 


          O. Mach 


17:20 – 18:00    Discussion and Wrap up of day 1 


Day 2 (March 2) 


15:00 – 15:30 Remarks from EURO TAG (ETAGE): Use of poliovirus 2 containing vaccine in the European region [D] 


           A. Finn, D. Salisbury 


15:30 – 17:30 nOPV Session [R]: 


Update on nOPV2 use       S. Zipursky 


Update on safety data and genetic stability    G. Macklin 


Impact assessment of nOPV2: 


Field seroprevalence and immunogenicity studies (Liberia, Tajikistan) G. Macklin, O. Mach 


nOPV2 Effectiveness study (Nigeria)     L. Cooper 


Clinical trial data/ Next Steps / Key takeaways  A. Bandyopadhyay 


      


17:30 – 17:45        Break 


17:45 – 18:00    Final discussion before the closed session  


 Day 3 (March 3) 


_______________________________________________________________________________________  


15:00 – 18:00  Closed session: Finalizing WG recommendations       WG members    


   Closed session: Polio Position Paper update    G. Macklin 
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GACVS (Global Advisory Committee on Vaccine Safety) Sub-Committee on nOPV2 Safety 
February 21, 2022 – Virtual Meeting 


Summary Note for the Record 


Summary of open meeting: 


• The objectives of the meeting were: 1) to provide an update of the progress, and status, of
safety surveillance of the novel oral poliovirus vaccine type 2 (nOPV2) and 2) for the sub-
committee to provide an independent assessment of nOPV2 safety data generated from both
initial and wider use countries.


• The nOPV Working Group presented an update on global nOPV2 usage. 240M doses of nOPV2
have been administered across 13 countries, with approximately 70% of nOPV2 doses
administered in Nigeria. Outbreak data over the past six months show a decrease in cVDPV2
cases globally. However, there has been an increase in cVDPV2 cases in Nigeria in the same
period. There have been delays in the timeline to move to full licensure and prequalification of
nOPV2 that are due to delays in critical studies, notably the phase III study in the Gambia. The
Working Group provided an update that readiness requirements for countries were simplified
from 25 to 16 as part of the move to the wider use phase but noted that the safety
requirements were not reduced. nOPV2 use under EUL is expected to continue through 2023.


• CDC presented an overview of a study in Uganda which focuses on the safety assessment of
nOPV2 during a mass vaccination setting. The objective of this study is to identify and
characterize safety events associated with nOPV2 following mass vaccination during EUL in
Uganda with both passive and active surveillance. 1886 households were visited, and 1793
households consented. 2260 children were enrolled in cohort event monitoring. Preliminary
data indicated that there were 31 serious adverse events, more than 50% of which were
diagnosed as malaria. Further data and details are to be shared on the remaining serious
adverse events.


• Safety data were presented from seven countries: Nigeria (88.1 million doses), Liberia (1.8
million doses), Benin (4.5 million doses), Congo (2.1 million doses), Tajikistan (2.5 million doses),
Sierra Leone (3.8 million doses), and Niger (8.7 million doses). The data included adverse event
following immunization (AEFI), adverse event of special interest (AESI) and acute flaccid
paralysis (AFP) data.


o The largest (and most complete) dataset for consideration was from Nigeria, from the
surveillance period between March 2021 and February 2022, over which period 88.1
million doses were administered. In total, there were 586 AEFI and AESI cases reviewed
by the national causality committee: 14 were classified as ineligible; 545 as inconsistent
with causal association; 19 as indeterminate, 2 as unclassifiable; and 6 as consistent
with causal association. The 6 cases considered causally related included one case of
anaphylaxis, one meningoencephalitis and one allergic reaction – all are fully recovered
– and three cases of suspected VAPP. The suspected VAPP cases were found with nOPV2
isolated in stool, 60-day residual paralysis; however, there were no definitive diagnostic
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test performed to confirm VAPP (e.g., cerebrospinal fluid). In two cases the genetic 
sequence of nOPV2 found in stool was reported as having a low level of concern for 
mutation (in one case the results of genetic sequencing were not yet available).  


o The datasets from Liberia, Benin, Congo, Tajikistan, Sierra Leone, and Niger were 
presented. In Liberia (1.8 million doses administered) there have been 42 AEFI detected 
to date and 12 were reviewed by the causality assessment committee, finding 9 
ineligible cases and 0 consistent with causal association. One was classified as 
indeterminate. No AESIs were causally associated with the nOPV2 vaccine.. In Benin (4.5 
million doses administered) there have been 2,931 AEFI detected to date and 137 were 
reviewed by the causality assessment committee, finding 9 indeterminate cases to 
follow up on and 0 consistent with causal association. Several cases that were previously 
categorized as consistent with causal association were recategorized to inconsistent 
with causal association to nOPV2. Note that no additional AEFIs were identified since 
the last GACVS report. In Congo (2.1 million doses administered) there have been 484 
AEFI reported to date and 13 were reviewed by the causality assessment committee, 
finding 0 indeterminate cases to follow up on and 0 consistent with causal association. 
AESI surveillance was undertaken in all 40 reference hospitals across the country, but 
there is no information available at present. In Tajikistan (2.5 million doses 
administered) there have been 21 AEFI/AESI cases reported to date and 21 were 
reviewed by the causality assessment committee, finding 0 indeterminate cases to 
follow up on and 0 consistent with causal association. An independent consultant to the 
Ministry of Health prepared this summary of the causality assessment. In Sierra Leone 
(3.8 million doses administered) there have been 565 AEFIs reported to date and 
preliminary information indicated that 40 cases reported AFP. It was stated that 12 of 
these cases were reviewed by the NEC, who determined that 9 of the cases recovered. 
In one case, the child died due to an unspecified cause during a febrile illness. In two 
cases, the outcome was not stated. In Niger (8.7 million doses administered) the safety 
data is awaited. 


 
• The nOPV2 genetic characterization group presented data from nOPV2 isolates from AFP cases, 


contacts, and environmental samples. 239 isolates have been confirmed to contain nOPV2: 89 
from Nigeria, 77 isolates from Tajikistan, 17 from Niger 20 from Sierra Leone, 12 from Liberia, 
11 from Congo, 11 from Benin and 2 from Togo. To date, the primary attenuation site (domain 
V) had no changes strengthening base pairing in any isolates and nOPV2 isolates contained 
between 0 and 5 VP1 nucleotide changes.  


• Each isolate is classified by the levels of concern on a scale from 1-9, with 9 representing 
the lowest level of concern. Of these isolates, 201 were classified as Category 8 and 32 
isolates were classified as Category 9, indicating a low level of concern. The remaining 6 
isolates were classified as Category 6, which is also considered a low level of concern. 


• The 6 nOPV2 isolates in category 6 were found to be recombinant between nOPV2 and 
Sabin 1 or NPEV. The recombination event might increase the chance for further 
recombination events, but it is not expected to have a substantial effect on virus 
attenuation.  
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• Laboratory studies indicate that none of the mutation combinations identified in nOPV2 
isolates could cause the nOPV2 strain to approach the neurovirulence of Sabin 2.  


 
 
GACVS sub-committee safety data assessment: 
 


• The GACVS sub-committee appreciated the considerable efforts made to collect and present the 
safety data utilizing three separate data reporting systems.  


• The committee noted a low rate of adverse events across the nOPV2 initial use countries and 
expressed reassurance from the data.  


• Only in Nigeria has the NEC determined 6/583 AESI/AEFI cases to be consistent with a causal 
association: one case of anaphylaxis, one meningoencephalitis and one allergic reaction case, 
and three cases of suspected VAPP. The committee noted the cases were from 15 April to 2 
August, 4 from Kebbi and 1 each from Rivers and Abia. There is no evidence to suggest any 
specific clustering spatial or temporal clustering of AESI reports. The 3 cases of suspected VAPP 
following ~44 million vaccinated children do not generate a new safety concern: the reporting 
rate of 0.007/100,000 vaccinees is below the expected range of 0.025-0.4 for Sabin OPV. The 
committee noted the other 3 AEFI/AESI cases (anaphylaxis, allergic reaction and meningo-
encephalitis) have fully recovered and do not generate any new safety signals.  


• The committee concluded that, based on the available date, there was no evidence of any 
geographical or temporal clustering of AESI reports that would indicate a safety concern, and no 
obvious red flags or safety concerns to be noted to the SAGE. 


• The committee noted that AFP surveillance is functional and strong in most countries; however, 
the various countries differ in their capacity for surveillance. 


• The Benin experience to monitor and detect AEFIs was highlighted as they were able to detect 
many AEFIs in the country.   


• Finally, it was expressed that the committee’s former recommendations were responded to in 
this presentation. 


• The committee commented on the genetic sequencing data and the observation that 
recombinants had been detected (with none detected at the time of the last meeting) and asked 
if this increase in the rate of recombinants was concerning. It was noted that although there 
were 6 recombinant isolates, some were from the same sample, as there were 6 sequences 
from 3 samples. Furthermore, the recombinant affected two of the modifications of nOPV2: the 
hi-fi (sequence fidelity) and recombination mutations in the polymerase coding region. These 
modifications are not as critical as the other modifications (knock-out CRE region, the relocated 
CRE, and the domain V mutations). . It was also highlighted that recombination in polioviruses is 
very common. The committee noted that the genetic data confirmed what occurred in the 
clinical trials, which is reassuring. 


• The committee expressed apprehension around missing data, noting that it is challenging to 
ascertain how much data is missing. It was also flagged that there may be questions or queries 
that are routinely missed. A concern was also expressed regarding incomplete cases. For 
example, in Sierra Leone, one child died due to an unspecified febrile disease and the outcome 
was not stated in two cases. The committee requested additional detail on these cases. Finally, 
there were cases reported with AFP-like symptoms that were judged to be non-associated 
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because of incomplete information. The committee raised that this is not the correct 
assessment.  


 
Specific suggestions/notes from the committee moving forward: 
 


• The committee reemphasized that AFP surveillance should remain the backbone of safety 
surveillance as it captures diseases that are most likely to be related to events of interest 
connected to nOPV2. 


• It was noted that AESI surveillance is not contributing substantially to the reporting of adverse 
events and is expensive and time consuming.  


o The committee recommended that AESI surveillance be considered recommended but 
not required in countries that are resource constrained  


o The committee highlighted that AEFI and AFP surveillance should be strengthened in all 
countries before nOPV2 use; and non-AFP AESI surveillance conducted in countries that 
have the capacity and resources to do so. 


o The committee requested that an analysis be done to identify how many unique 
identified cases from AESI surveillance were not captured from AFP surveillance 


• It was flagged that data harmonization should be a priority moving forward. Data collection 
should be cleaner, and standardizing surveillance could also be improved. 


o Electronic tools are an affordable and efficient solution for resource constrained 
countries. There could be applicable/relevant lessons to learn from the COVID-19 
response. 


o The quality of surveillance should be analyzed and linked to the type/format of data 
collection tools. 


o It was suggested that a data mapping exercise could be useful to determine what tools 
are being used in which locations in order to have a more complete picture of the 
success of data collection.  


• It was noted that a complete workup of all AFP cases is important and should be emphasized, 
including complete follow-up of cases and linkage with genetic sequencing of stool samples to 
determine whether mutations are occurring. 


• The committee noted that the documentation from this meeting should be archived on the 
polio eradication website in order to share it with the global community. 
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Strategic Advisory Group of Experts (SAGE) 
Terms of reference 


Functions 


SAGE is the principal advisory group to WHO for vaccines and immunization. It is charged with advising WHO on overall 
global vaccination policies and strategies, ranging from vaccines and technology, research and development, to delivery of 
vaccination and its linkages with other health interventions. SAGE’s remit extends to the control of all vaccine-preventable 
diseases as part of an integrated, people centred platform of disease prevention that spans the human life-course and in the 
context of health systems strengthening. 


SAGE advises the WHO Director-General specifically on the: 


1. adequacy of progress towards the achievement of the goals of control of vaccine-preventable diseases worldwide
such as those laid out in the Decade of Vaccines Global Vaccine Action Plan 2011-2020.


2. major issues and challenges to be addressed with respect to achieving the disease control goals, including issues
and challenges to achieving and sustaining high and equitable vaccination coverage;


3. immunization programme response to current public health priorities;
4. major general policies, goals and targets including those related to vaccine research and development;
5. adequacy of WHO's strategic plan and priority activities consistent with its mandate and considering the comparative


advantages and the respective roles of partner organizations;
6. engagement of WHO in partnerships that will enhance achievement of global immunization goals.


Membership 


SAGE comprises 15 independent experts, who shall serve in their personal capacity and represent a broad range of 
affiliations and a broad range of disciplines encompassing many aspects of immunization and vaccines. Members should 
refrain from promoting the policies and views and products of the institution for which they work. 


SAGE members are recruited and selected as acknowledged experts from around the world in the fields of epidemiology, 
public health, vaccinology, paediatrics, internal medicine, infectious diseases, immunology, drug regulation, programme 
management, immunization delivery, health-care administration, health economics, and vaccine safety.    


The membership of SAGE shall seek to reflect a representation of: 


1. professional affiliation (e.g., academia, medical profession, clinical practice, research institutes, and governmental
bodies including national immunization programmes, public health departments and regulatory authorities);


2. major areas of expertise (e.g., vaccine research, vaccine and immunization safety, optimization of immunization
schedules, vaccine delivery, disease control strategies, impact monitoring); and


3. the strategic focus areas of the WHO's vaccine and immunization work including vaccines norms and standards,
vaccine regulation, vaccine programme management, delivery and surveillance and monitoring, and vaccine
research & development.


SAGE members, including the Chairperson and the Vice-Chairperson, are appointed by the WHO Director-General. Members 
are selected upon the proposal of an independent selection panel including representatives of key partner organizations.  A 
public call for nominations is issued.  After determination of eligibility, nominations are submitted to the selection panel. 
Members will be selected on the basis of their qualifications and ability to contribute to the accomplishment of SAGE’s 
objectives. Renewals of term are also submitted to the selection panel. 


Consideration will be given to ensuring appropriate geographic representation and gender balance. Chairs of regional 
technical immunization advisory groups are not eligible to serve on SAGE but are invited to attend SAGE meetings. WHO staff 
and United Nations staff members are not eligible to serve on SAGE. 


Members of SAGE shall be appointed to serve for an initial term of three years. This three-year term may only be renewed 
once.  To allow for continuity and efficiency, the Chairperson of SAGE is expected to act as Chairperson for a minimum of 
three years, not taking into account if he/she has already served three years or has been renewed for a further three years as 
a member of SAGE. He/she needs however, to be a member of SAGE for a minimum of one year before taking up 
Chairpersonship.  


Prior to being considered for SAGE membership, nominees shall be required to complete a WHO Declaration of Interests form 
as per the attached form (Annex 1). 


All papers presented to SAGE, which may include pre-publication copies of research reports or documents of commercial 
significance, shall be treated as confidential. SAGE deliberations are confidential and may not be publicly disclosed by SAGE 
members. Therefore, prior to confirmation by WHO of their appointment as SAGE members, SAGE nominees shall be 
required to sign a Confidentiality Undertaking (Annex 2).   


A register of members' interests and signed confidentiality agreements shall be maintained by WHO. 


Membership in SAGE may be terminated for any of the following reasons: 
1. failure to attend two consecutive SAGE meetings;
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2. change in affiliation resulting in a conflict of interest  or involvement in activities resulting in a conflict of interest
incompatible with serving on SAGE; and


3. a lack of professionalism involving, for example, a breach of confidentiality.


Meetings and operational procedures 


SAGE meetings occur biannually, in April and October, and are scheduled 3 years ahead. The frequency of meetings may, 
however, be adjusted as necessary. The WHO Secretariat will work with SAGE members and key global stakeholders to 
develop SAGE priorities and workplans as well as specific meeting agendas.  


SAGE members are asked to update their declared interests before each meeting. SAGE members with potentially conflicting 
interests will not participate in deliberations on the specific topic(s) for which they would have a conflict of interest. SAGE 
member’s relevant interests will be made publically available four weeks in advance of the meeting for public comments. 
Background documents, presentations, final agenda and  final list of participants are posted after the meeting are posted  on 
the SAGE public website after the meeting. 


Decisions or recommendations by SAGE will, as a rule, be taken by consensus. 


The WHO Regional Offices, Chairs of regional technical immunization advisory groups and Chairs of relevant WHO technical 
advisory committees will be invited to participate in SAGE meetings and contribute to the discussions. The major global 
immunization stakeholders such as UNICEF, the Secretariat of Gavi, the Vaccine Alliance, and representatives of civil society 
organizations will also be invited to attend and contribute to SAGE meetings.  


WHO may also invite other observers to SAGE meetings, including representatives from non-governmental organizations, 
international professional organizations, technical agencies, partner organizations, Chairs and members of national technical 
advisory groups on immunization as well as  associations of manufacturers of vaccines and immunization technologies and 
representatives from the manufacturing companies.  


Additional experts may be invited to meetings, as appropriate, to further contribute to specific agenda items. Observers and 
invited experts will not participate in the decision making process but will be allowed to contribute to the discussions as 
directed by the Chairperson. 


SAGE reports to the WHO Director-General. The SAGE Chairperson will debrief the Director-General (or designee) following 
each SAGE meeting. The conclusions and recommendations of SAGE meetings shall be published in the Weekly 
Epidemiological Record and posted on the website within two months of each SAGE meeting. These conclusions  and 
recommendations and will be translated into all the WHO headquarters official languages. A brief summary report of the 
meeting shall also be posted on the SAGE website the day after the SAGE meeting.  


Roles and responsibilities of SAGE members  


Members of SAGE have a responsibility to provide WHO with high quality, well considered advice and recommendations on 
matters described in these SAGE terms of reference.  Members play a critical role in ensuring the reputation of SAGE as an 
internationally recognized advisory group in the field of immunization. In keeping with SAGE’s mandate to provide strategic 
advice rather than technical input, members will be committed to the development and improvement of public health policies. 


SAGE has no executive or regulatory function. Its role is solely to provide advice and recommendations to the  
Director-General of WHO. This includes providing advice and recommendations on urgent public health issues as needed. 


SAGE members may be approached by non-WHO sources for their views, comments and statements on particular matters of 
public health concern and asked to state the views of SAGE. SAGE members shall refer such enquiries to WHO. 


SAGE members will not be remunerated for their participation in SAGE; however, reasonable expenses such as travel 
expenses incurred by attendance at SAGE or related meetings will be compensated by WHO. 


SAGE members are expected to endeavour to attend all biannual meetings. Further active participation will be expected from 
all SAGE members throughout the year, including participation in SAGE Working Groups, video and telephone conferences as 
well as frequent interactions via e-mail.  Review of documents may also be solicited.  SAGE members may be requested to 
participate as observers in other important WHO or partners meetings. As a result SAGE members are expected to commit to 
invest a substantial amount of their time to SAGE. 


The secretariat of SAGE is ensured by the Immunization Policy Unit of the Department of Immunization, Vaccines and 
Biologicals.  The function of Executive Secretary is ensured by the Senior Health Advisor who directs this Unit.  


SAGE will be kept informed by WHO and partner agencies on progress concerning implementation of strategies and the 
attainment of objectives at country and regional level.  SAGE will also be informed of conclusions and recommendations from 
WHO relevant technical advisory groups including  regional technical advisory groups. 


SAGE Working Groups are established as resources intended to increase the effectiveness of SAGE deliberations by 
reviewing and providing evidence-based information and options for recommendations together with implications of the 
various options to be discussed by SAGE during one of its biannual meetings.  These Working Groups are normally 
established on a time-limited basis to help address specific questions identified by SAGE when the issue is particularly 
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complicated or time-consuming and could not be addressed by an existing standing WHO advisory committee. The need and 
charge for a Working Group is discussed and agreed during SAGE meetings. The purpose, structure and functioning of the 
Working Groups is described in detail in Annex 3 (Purpose, structure and functioning of the Strategic Advisory Group of 
Experts on Immunization (SAGE) Working Groups). 
 
For its proceedings, SAGE shall follow an evidence-based review process as outlined in the SAGE guidance document on 
evidence-based vaccine-related recommendations 
(http://www.who.int/immunization/sage/Guidelines_development_recommendations.pdf?ua=1). 
 
More detailed information on SAGE operating procedures is available on the SAGE website 
(http://www.who.int/immunization/sage/working_mechanisms/en/). 
 
  


A_admin_general



http://www.who.int/immunization/sage/Guidelines_development_recommendations.pdf?ua=1

http://www.who.int/immunization/sage/working_mechanisms/en/





Annex 1 
 
 


DECLARATION OF INTERESTS FOR WHO EXPERTS  
 


WHO's work on global health issues requires the assistance of external experts who may have interests related to 
their expertise. To ensure the highest integrity and public confidence in its activities, WHO requires that experts serving in an 
advisory role disclose any circumstances that could give rise to a potential conflict of interest related to the subject of the 
activity in which they will be involved.  


 
All experts serving in an advisory role must disclose any circumstances that could represent a potential conflict of 


interest (i.e., any interest that may affect, or may reasonably be perceived to affect, the expert's objectivity and 
independence). You must disclose on this Declaration of Interest (DOI) form any financial, professional or other interest 
relevant to the subject of the work or meeting in which you have been asked to participate in or contribute towards and any 
interest that could be affected by the outcome of the meeting or work. You must also declare relevant interests of your 
immediate family members (see definition below) and, if you are aware of it, relevant interests of other parties with whom you 
have substantial common interests and which may be perceived as unduly influencing  your judgement (e.g. employer, close 
professional associates, administrative unit or department).   


 
Please complete this form and submit it to WHO Secretariat if possible at least 5 weeks before the meeting or work. 


You must also promptly inform the Secretariat if there is any change in this information prior to, or during the course of, the 
meeting or work. All experts must complete this form before participation in a WHO activity can be confirmed.  Please note 
that not fully completing and disclosing all relevant information on this form may, depending on the circumstances,  lead WHO 
to decide not to appoint you to WHO advisory bodies / functions in the future. 


 
Answering "Yes" to a question on this form does not automatically disqualify you or limit your participation in a WHO 


activity. Your answers will be reviewed by the Secretariat to determine whether you have a conflict of interest relevant to the 
subject at hand. One of the outcomes listed in the next paragraph can occur depending on the circumstances (e.g, nature and 
magnitude of the interest, timeframe and duration of the interest).  


 
The Secretariat may conclude that no potential conflict exists or that the interest is irrelevant or insignificant. If, 


however, a declared interest is determined to be potentially or clearly significant, one or more of the following three measures 
for managing the conflict of interest may be applied. The Secretariat (i) allows full participation, with public disclosure of your 
interest; (ii) mandates partial exclusion (i.e., you will be excluded from that portion of the meeting or work related to the 
declared interest and from the corresponding decision making process); or (iii) mandates total exclusion (i.e., you will not be 
able to participate in any part of the meeting or work).  


 
 All potentially significant interests will be disclosed to the other participants at the start of the activity and you will be 
asked if there have been any changes.  Whereas this form is confidential, a summary of declarations and actions taken to 
manage any declared interests will be published on the SAGE public website). Furthermore, if the objectivity of the work or 
meeting in which you are involved is subsequently questioned, the contents of your DOI form may be made available by the 
Secretariat to persons outside WHO if the Director-General considers such disclosure to be in the best interest of the 
Organization, after consulting with you. Completing this DOI form means that you agree to these conditions.  
 
 If you are unable or unwilling to disclose the details of an interest that may pose a real or perceived conflict, you must 
disclose that a conflict of interest may exist and the Secretariat may decide that you be totally recused from the meeting work 
or process concerned, after consulting with you.  
  


Name: 
Institution: 
Email:  


  
Date and title of meeting or work, including description of subject matter to be considered (if a number of substances 


or processes are to be evaluated, a list should be attached by the organizer of the activity): 
________________________________________________________________________ 
________________________________________________________________________ 


 
Please answer each of the questions below. If the answer to any of the questions is "yes", briefly describe the 


circumstances on the last page of the form.  
 


 The term "you" refers to yourself and your immediate family members (i.e., spouse (or partner with whom you have a 
similar close personal relationship) and your children). "Commercial entity" includes any commercial business, an industry 
association, research institution or other enterprise whose funding is significantly derived from commercial sources with an 
interest related to the subject of the meeting or work. "Organization" includes a governmental, international or non-profit 
organization. "Meeting" includes a series or cycle of meetings.   


 


 


 


EMPLOYMENT AND CONSULTING 
Within the past 4 years, have you received remuneration in excess of US$ 5,000 from a 
commercial entity or other organization with an interest related to the subject of the 
meeting, work or process?    
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1a Employment Yes  No   


1b Consulting, including service as a technical or other advisor Yes  No   
 RESEARCH SUPPORT 


Within the past 4 years, have you or has your research unit received support from a 
commercial entity or other organization with an interest related to the subject of the 
meeting, work or process?   


2a Research support, including grants, collaborations, sponsorships, and other funding Yes  No  


2b 


 


2c 


Non-monetary support valued at more than US $1000 overall (include equipment, facilities, 
research assistants, paid travel to meetings, etc.) 
 
Support (including honoraria) for being on a speakers panel, giving speeches or training for a 
commercial entity or other organization with an interest related to the subject of the meeting, work 
or process? 


Yes  No  


 


Yes  No  


 


 


 


 


 


INVESTMENT INTERESTS 
Do you have current investments (valued at more than US$5,000 overall) in a commercial 
entity with an interest related to the subject of the meeting, work or process?  Please also 
include indirect investments such as a  trust or holding company.  You may exclude mutual 
funds, pension funds or similar investments that are broadly diversified and on which you 
exercise no control.  


3a Stocks, bonds, stock options, other securities (e.g., short sales) Yes  No  


3b Commercial business interests (e.g., proprietorships, partnerships, joint ventures, board 
memberships, controlling interest in a company) Yes   No  


 INTELLECTUAL PROPERTY 
Do you have any intellectual property rights that might be enhanced or diminished by the 
outcome of the meeting,  work or process?  


4a Patents, trademarks,  copyrights or other intellectual property (including pending applications) Yes   No  


4b Proprietary know-how in a substance, technology or process Yes   No  


 PUBLIC STATEMENTS AND POSITIONS (during the past  4 years)   


5a As part of a regulatory, legislative or judicial process, have you provided an expert opinion or 
testimony, related to the subject of the meeting, work or process,                                                                                                                                                                                             
for a commercial entity or other organization?  Yes  No  


5b Have you held an office or other position, paid or unpaid, where you represented interests or 
defended a position related to the subject of the meeting, work or process?  Yes  No  


 
 
ADDITIONAL INFORMATION  


6a If not already disclosed above, have you worked for the competitor of a product that is the subject 
of the meeting or work, or will your participation in the meeting,  work or process enable you to 
obtain access to a competitor's confidential proprietary information, or create for you a personal, 
professional, financial or business competitive advantage?  if so, please elaborate?   


Yes  No  


6b To your knowledge, would the outcome of the meeting,  work or process benefit or adversely affect 
interests of others with whom you have substantial common personal, professional, financial or 
business interests (such as your adult children or siblings, close professional colleagues, 
administrative unit or department)?   


Yes  No  


 


6c Excluding WHO, has any person or entity paid or contributed towards your travel costs in 
connection with this WHO meeting, work or process?  


Yes  No  


6d Have you received any payments (other than for travel costs) or honoraria for speaking publicly on 
the subject of this WHO meeting, work or process?  Yes   No  


6e Is there any other aspect of your background or present circumstances not addressed above that 
might be perceived as affecting your objectivity or independence? Yes   No  


 
7. 


 


 


TOBACCO OR TOBACCO PRODUCTS (answer without regard to relevance to the subject of the 
meeting or work) 
 
Within the past 4 years, have you had employment or received research support or other funding 
from, or had any other professional relationship with, an entity directly involved in the production, 
manufacture, distribution or sale of tobacco or tobacco products or representing the interests of any 
such entity? 


 


 


 


Yes  No  
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EXPLANATION OF "YES" RESPONSES:  If the answer to any of the above questions is "yes", check above and 
briefly describe the circumstances on this page. If you do not describe the nature of an interest or if you do not 
provide the amount or value involved where relevant, the conflict will be assumed to be significant.  


 
Nos. 1 - 4:    
Type of interest, question number 
and category (e.g., Intellectual 
Property 4.a copyrights) and 
basic descriptive details. 


 
Name of company,  
organization, or 
institution 


 
Belongs to you, a 
family member, 
employer, research 
unit or other? 


 
Amount of income or 
value of interest (if 
not disclosed, is 
assumed to be 
significant) 


 
Current interest 
(or year ceased) 
 


     


Nos. 5-8: Describe the subject, specific circumstances, parties involved, time frame and other relevant details  


 
 
 CONSENT TO DISCLOSURE. By completing and signing this form, you consent to the disclosure of any relevant 
conflicts to other meeting participants and in the resulting report or work product. 


 
 
DECLARATION. I hereby declare on my honour that the disclosed information is true and complete to the 


best of my knowledge.  
 
 
Should there be any change to the above information, I will promptly notify the responsible staff of WHO and 


complete a new declaration of interest form that describes the changes. This includes any change that occurs before 
or during the meeting or work itself and through the period up to the publication of the final results or completion of 
the activity concerned. 
 
 
Date: ________________    Signature________________________________ 
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Annex 2 
 
 


  
 
 
 


CONFIDENTIALITY UNDERTAKING 
 
 


1. Commercial, academic and other research institutions and individual scientists often submit or present for discussion by 
committees or groups of WHO on research, products and processes (hereafter referred to as "Information") which the 
institutions and individuals consider proprietary.  To help ensure the appropriate use by WHO of such Information whilst 
protecting the institutions' or individual's proprietary rights, WHO undertakes to release such Information only to persons 
who have signed this agreement. 


 
2. Information submitted by such institutions or individuals through WHO to committees or groups for review, discussion or 


comment, whether at meetings, on internet-based collaborative workspaces, during telephone conferences or otherwise, 
shall be regarded by the Undersigned as confidential, unless clearly stated otherwise, by the institution, individual 
concerned and/or the WHO Secretariat. 


 
3. The Undersigned undertakes to treat such confidential Information as proprietary information and agrees not to make 


copies of it, nor to disclose or use the same in whole or in part. 
 
4. If requested to do so, the Undersigned agrees to return to WHO any and all Information identified as confidential. 
 
5. The Undersigned shall not be bound by confidentiality if he/she is able to demonstrate that the Information: 
 
       (a)  was known to him/her prior to any disclosure to him/her by the institution or   
              individual or WHO;      
 
       (b)  was in the public domain at the time of disclosure by the institution or individual; 
 
       (c)   becomes part of the public domain through no fault of the Undersigned; or 
 
       (d)  becomes available to the Undersigned from a third party not in breach of any legal   
              obligations of confidentiality to the institution, individual or WHO. 
 
6. This Confidentiality Undertaking is valid during the entire time the Undersigned participates in the work of the committee 
or group, in whatever capacity, and for a period of ten (10) years thereafter. 
 
 
 
 Signed:  
 
 Signature……………………………………... 
 
 Name…………………………………………. 
  (print or type)  
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Annex 3 


Purpose, structure and functioning of the Strategic Advisory Group of Experts on Immunization (SAGE) Working 
Groups 
 
Purpose and decision to establish a SAGE Working Group 
 
SAGE Working Groups are established as resources intended to increase the effectiveness of SAGE deliberations by 
reviewing and providing evidence-based information and options for recommendations together with implications of the 
various options to be discussed by SAGE in an open public forum. 
 
These Working Groups are normally established on a time limited basis to help address specific questions identified by SAGE 
when the issue cannot be addressed by existing standing WHO advisory committees. Some Working Groups such as that on 
polio eradication or the Decade of Vaccines Working Group can be established for a number of years.   
 
The need for and creation of a Working Group is discussed and agreed during SAGE meetings, preparatory teleconferences 
for SAGE meetings, or in case of urgency via email interaction.   
 
Terms of reference of the Working Groups and identification of needed expertise to serve on the Working Group  
Each Working Group operates under specific terms of reference (TORs). These TORs are defined within 30 days of the SAGE 
decision to establish the Working Group. 
 
Proposed TORs and related expertise to serve on the Working Group are developed jointly by the SAGE member serving as 
Working Group Chair, the Lead WHO technical staff and SAGE Executive Secretary.  Draft TORs and related expertise are 
reviewed by SAGE members. Final decision is taken jointly by the SAGE Chair, Working Group Chair, SAGE Executive 
Secretary, and the Director of the Department of Immunization, Vaccines and Biologicals. 
 
Working Group composition and selection of membership 
 
Each Working Group should include two or more SAGE members (one of whom functions as Chair), and additional subject 
matter experts serving in their own individual capacity and with a view to meet the identified needed expertise for the group. 
SAGE members and other experts who have identified conflicts of interest cannot serve on the Working Group charged with 
responsibility in the identified areas of conflict. WHO staff (one of whom functions as the Working Group technical lead serve 
as secretariat to the Working Group.  In some instances other UN or non UN agencies can be co-opted as part of the 
secretariat.   
For the selection of experts to serve on a Working Group, a public call for nomination for Working Group members will be 
posted on the SAGE website together with the relevant TORs of the Working Group and indication of the desirable expertise. 
SAGE members, regional offices, diplomatic missions, WHO staff and key partner organizations will also be approached to 
propose potential nominations. Nominees will be requested to provide both a Curriculum Vitae and a completed Declaration of 
Interests form prior to being considered for membership on the Working Group.   
 
The selection panel, comprised of the SAGE Chair (or Vice-Chair), the Working Group Chair, the SAGE Executive Secretary 
and lead WHO technical staff will select Working Group members from the pool of nominees. In addition to meeting the 
required expertise and avoidance of nominating individuals with conflicts of interest, attention will be given to ensure proper 
diversity including geographic and gender representation. In general, Chairs of regional technical immunization advisory 
groups are not eligible to serve on SAGE Working Groups. Should experts be appointed as Chair of a regional technical 
immunization advisory group after their nomination as member of a Working Group and for SAGE members while still serving 
on the group after they rotate out of SAGE, they may continue to serve on the Working Group. 
 
For Working Groups which terms of reference require proceedings over a number of years, if a SAGE member rotates out of 
SAGE while the Working Group is still active, then he/she remains on the Working Group but a new SAGE member should be 
enrolled to serve on the group.  A new SAGE member should be appointed as Working Group Chair when the previous Chair 
rotates out of SAGE. For Working Groups having proceedings spanning over a number of years, the same rotation process as 
applied to SAGE membership should be applied i.e. two 3–year terms. The renewal is being determined by a selection panel 
comprised of the SAGE Chair (or Vice-Chair), the Working Group Chair, lead WHO technical staff and the SAGE Executive 
Secretary and is based on the contribution of the member to the group. If members resign for personal reasons, are no longer 
eligible to serve on the group due to arising conflicts of interest, or are unable to meaningfully contribute to the proceedings of 
the group, they can be replaced with first considering an appointment from the list of initial candidates to join the group. The 
decision will be made as for the selection of candidates (see above). If no one from this list is suitable then another expert 
could be solicited and co-opted without resourcing to an open call for nomination.  
 
The size of the Working Group should not exceed 10-12 members and will be adjusted based on the need for expertise and 
representation.   
 
 
On rare occasions joint reviews of evidence by SAGE and another area WHO advisory committee (focusing on another area  
than immunization but with expertise and relevance to the topic being considered) may have to be organized. As a result a 
SAGE Working Group may be formed in conjunction with this other solicited advisory committee. In this instance members of 
the solicited advisory committee might also be co-opted on the Working Group and a Working Group co-Chair may be 
appointed from among members of this other advisory committee. In this case, the selection of Working Group members will 
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equally involve the Chair and secretariat of the solicited advisory committee.  
 
Working Group members will not be remunerated for their participation in the Working Group; however, reasonable expenses 
such as travel expenses incurred by attendance at Working Group meetings, SAGE meetings or related meetings will be 
compensated by WHO. 
 
Working Group Process 
 
Working Groups, with support of the WHO Secretariat will perform or coordinate, systematic assessment of the evidence such 
as analysis of data addressing efficacy, effectiveness, safety, feasibility, and economic aspects of immunization policy to 
address questions developed by the Working Group in order to propose appropriate vaccine policy recommendations. This is 
done in accordance with the process for evidence –review and development of recommendations by SAGE as available at 
http://www.who.int/immunization/sage/Guidelines_development_recommendations.pdf?ua=1.  SAGE uses the Grading of 
Recommendations Assessment, Development and Evaluation (GRADE) process for the review of evidence. The Working 
Group will be expected to define the questions to inform the recommendations. It should identify critical questions for which an 
in-depth review/systematic review of the evidence is needed and determine important outcomes.  In developing proposed 
recommendations the Working Group should complete an evidence-to-recommendation table and systematically consider the 
following criteria: balance of benefits and harms of the intervention, resource use and value for money, equity impacts, 
feasibility, acceptability, values and preferences, and other relevant considerations.  
Recommendations should be based on GRADing of evidence. Only when not appropriate (and as per criteria stated in the 
Guidance for the development of evidence-based vaccine related recommendations) the group may opt to develop Good 
Practice Statements. 
 
All proposed recommendation and comprehensive evidence in support of recommendations including GRADE tables and 
evidence to decision tables should be presented to SAGE.  
 
SAGE Working Groups are not allowed to render consensus advice or recommendations directly to the WHO Director-
General. SAGE Working Group Chairs, other Working Group representatives, or the Working Groups per se are not 
empowered to speak on behalf of SAGE. Rather, they are utilized by SAGE to gather and organize information upon which 
SAGE can deliberate and act. Thus, while SAGE Working Groups can and should examine an area in detail and define the 
issues, including developing options for recommendations, the actual processes of group deliberation terminating in 
development of group consensus and recommendations must occur in the public forum of SAGE meetings by SAGE. If the 
Working Group cannot reach consensus then the diverging views will be reflected in the background document or Working 
Group report presented to SAGE. Such documents will be publicly posted on the SAGE website as soon as the SAGE 
meeting is over. 
 
Effective communication and a strong working collaboration between the Working Group Chair, Lead WHO staff and the 
Working Group members are significant determinants of the effectiveness of a Working Group. Draft minutes of Working 
Group in person meetings or conference calls are produced.  As soon as the minutes are approved by the Working Group, 
they are made available to SAGE members on a protected web workspace. Depending on the Working Group, minutes may 
be produced by the Secretariat or a Working Group member may be asked to serve as rapporteur. Minutes are not publicly 
available and are only publicly shared in the context of a SAGE session when included in the background documents. 
 
With the lead WHO Staff, the Chair of the Working Group develops a plan for routine operations of the group. Working Groups 
accomplish most of their work through teleconferences. A set day and time for routine monthly teleconferences may be 
established, in order to allow standing teleconferences to be arranged and Working Group members to anticipate and reserve 
time for these teleconferences. The frequency of Working Group teleconferences may be changed depending on the urgency 
of issues being considered by the group and the amount of preparatory work needed prior to a topic being brought up for 
plenary discussion and decision making at SAGE. Some Working Groups may more effectively achieve their purpose through 
exchange of e-mail communications with intermittent teleconferences.  WHO establishes the telephone bridge for 
teleconferences and ensures free access that telephone charges are not impacted to Working Group members. 
  
In-person meetings of Working Groups may facilitate the proceedings of the group and Working Groups are expected to have 
at least one face-to-face meeting. If a Working Group is planning to conclude its proceedings at a given face-to-face meeting, 
this meeting should be held at least one month in advance of the SAGE meeting during which the Working Group is expected 
to report to SAGE to allow for sufficient time to draft the background materials and proposed recommendations. These face-
to-face meetings are normally held in Geneva but they may also be held in different locations if this minimizes cost and 
facilitates participation of Working Group members and necessary experts. 
 
Individuals other than Working Group members and the Secretariat may participate in Working Group meetings only if their 
contribution is required by the Working Group. These may include organization representatives, industry 
representatives/experts, public health officials, faculty staff of academic institutions or other experts. These experts are 
excluded from any discussions and deliberations within the Working Group and are solely invited to provide specific requested 
information on a predefined topic.  Observers are not allowed to attend Working Group proceedings.  
 
Working Groups are terminated after completion of the TOR and reporting to SAGE unless SAGE asks for additional work.  
Working Group focused on the development of recommendations on vaccine use may only be closed after the WHO position 
paper is published following the issuance of recommendations by SAGE. Working Group members will be asked to contribute 
to the peer-review of the document prior to publication and might be asked to help address reviewer’s comments. 
 
Working Groups are encouraged to submit publications of the reviews of the scientific evidence to peer-review journals. This 
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could be done before or after the SAGE meetings. If published before the SAGE meeting, the publications should reflect the 
scientific evidence only and not pre-empt the view of SAGE with stating the proposed recommendations and if published after 
the SAGE meeting should reference the SAGE report. 
 
Management of Conflict of Interest  
 
The value and impact of SAGE recommendations and WHO policy recommendations are critically dependent upon public trust 
in the integrity of the process. Reported interests are assessed and managed according to SAGE procedures. A summary of 
the declared interests is publicly posted on the SAGE website in conjunction with the Working Group’s TORs and composition 
(http://www.who.int/immunization/sage/working_mechanisms/en/).  Members are expected to proactively inform WHO on any 
change in relevant interests. These will then be thoroughly assessed by the Working Group Chair, the SAGE Executive 
secretary as well as the Chair of SAGE. In case of a constituted conflict of interest, the selection panel will meet (see above) 
to determine a replacement. Should the declared change not result in a conflict of interest, the Working Group member will be 
able to remain on the Working Group. In both cases, the posted summary will be updated accordingly.   
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Virtual Extraordinary Meeting of Strategic Advisory Group of Experts (SAGE) 
on Immunization 


 4 – 7 April 2022 


DECLARATION OF INTERESTS 


All 15 SAGE members participating in the meeting updated their declaration of interest 
ahead of the meeting. 11 SAGE members reported relevant interests. Ilesh Jani, Shabir 
Madhi, Kathy Neuzil, and Punnee Pitisuttithum recused themselves from the discussion and 
decision-making regarding the COVID-19 session. It was assessed that the remaining 
members could fully participate in all sessions.   


All the reported relevant interests are summarized below: 


Rakesh Aggarwal: 
• Serves as advisory to the National Technical Advisory Group (NITAG) of India. This


interest was assessed as personal, non-specific and financially non-significant*.


Ilesh Jani: 
• Serves as a site principal investigator for a clinical trial evaluating the safety,


tolerability and immunogenicity of two prime-boost regimens of the candidate
prophylactic vaccines for Ebola Ad26.ZEBOV and MVA-BN-Filo funded by Janssen
Vaccines & Prevention B.V., and the Joint Vaccine Acquisition Program (JVAP). This
interest was assessed as non-personal, non-specific and financially significant*.


• Serves as a site principal investigator for phase 2b study to evaluate the safety and
efficacy of VRC01 broadly neutralizing monoclonal antibody in reducing acquisition of
HIV-1 infection in women in sub-Saharan Africa and for a for phase 1/2a study to
evaluate the safety and immunogenicity of clade C ALVAC-HIV (vCP2438) and
Bivalent Subtype C gp120 alone, with MF59® adjuvant, and with alum adjuvant in
healthy, HIV-uninfected adult participants, both funded by the US National Institutes
of Health (NIH), the HIV Vaccine Trial Network (HVTN) and the U.S. Military HIV
Research Program (MHRP). This interest was assessed as non-personal, non-specific
and financially significant*.


• His institution has received funding from the European and Developing Country
Clinical Trial Partnership (EDCTP) for a Phase IIb/III three-arm, two-stage HIV
prophylactic vaccine trial with a second randomization to evaluate the proportion of
HIV infections averted by TAF/FTC in comparison to TDF/FTC pre-exposure
prophylaxis (PrEPVacc) for which he will serve as a site principal investigator starting
in 2020. This interest was assessed as non-personal, non-specific and financially
significant*.


• His institution received a grant/research support from WHO to conduct a study
aiming at comparing the immunogenicity of one drop vs two drops OPV during a
cVDPV outbreak and to conduct a study to evaluate the safety and immunogenicity
of fIPV delivered i.m. This interest was assessed as non-personal, specific and
financially significant*.


• Served as investigator for the OPV 1 vs 2 phase II funded by WHO. This interest was
assessed as non-personal, specific and financially significant*.


• Serves as supervisor for the OPV phase II trial funded by WHO. This interest was
assessed as non-personal, specific and financially significant*.


• Served on the Covid-19 vaccine trial funded by Sanofi. This interest was assessed as
non-personal, specific and financially significant*.
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• Seves as principal investigator on Covid-19 vaccine trials funded by CEPI and BMGF.
This interest was assessed as non-personal, specific and financially significant*


Noni MacDonald: 
• Serves on the South Korea Scientific Advisory Committee of the International 


Vaccine Institute. This interest was assessed as personal, non- specific and financially 
insignificant*.


• Serves on the Curevac Reg Advisory Committee. This interest was assessed as 
personal, specific and financially insignificant*.


• Serves as an Academic Committee Member of Leger, largest Canadian owned market 
research and analytics company. This interest was assessed as personal, non-specific 
and financially insignificant*.


• Serves on the Board of the Australian National Center for Immunization Research and 
Surveillance. This interest was assessed as personal, non-specific and financially 
insignificant*.


• Serves on the Board of International Vaccine Institute. This interest was assessed as 
personal, non-specific and financially insignificant*.


• Serves as consultant for WHO in regard to Environmental Scan of NITAG and 
Immunization Program Legislation and Governance. This interest was assessed as 
personal, non-specific and financially significant*.


• Serves as a Co-Investigator on a study for the Social Sciences and Humanities 
Research Council on the nature and extent of vaccine hesitancy among chiropractors 
and naturopaths: identifying how vaccination views impact practice (2018-2022). 
This interest was assessed as non-personal, non-specific and financially significant*.


• Served in 2018 as a supervisor on a study for WHO on Analysis and updating of 
Vaccine Hesitancy Joint Reporting Form data 2014- 2017. This interest was assessed 
as personal, non-specific and financially significant*.


• Served as consultant in regard to vaccine-related issues (Consultant Ontario Ministry 
of Health and Longterm Care. January 2017; Facilitator 2nd Global NITAG Network 
meeting Berlin June 2017; development of a guidance document on vaccine hesitancy 
in July 2017) to WHO and WHO collaborating center; chaired/facilitated NITAG 
partners meeting Jan 2018. Each interest was assessed as personal, non-specific and 
financially insignificant*.


• Serves as consultant for WHO regional offices on different immunization program 
issues. This interest was assessed as personal, non-specific and financially 
insignificant*.


• Her institution received research support from WHO until 2017 to survey 
obstetricians/ gynecologists& midwives on their perception of product monographs 
and influenza vaccines safety in pregnancy. This interest was assessed as non-
personal, non-specific and financially significant*.


• Her institution receives grants from the Canadian Institutes of Health Research to 
conduct studies on a) vaccine pain and hesitancy for which she serves as on co-
investigator; b) vaccine uptake and contributing factors in youth with autism 
spectrum disorder at several sites across Canada for which she serves as co-
investigator; c) health outcomes in children of mothers who received influenza 
vaccination during pregnancy for which she serves as co-investigator; d) unpacking 
vaccine hesitancy among perinatal healthcare providers: influences on beliefs and 
practices for which she serves as on co-investigator. This interest was assessed as 
non-personal, non-specific and financially significant*.


• Her institution receives research support from the Canadian Immunization Research 
Network to conduct studies on a) identifying effective communication materials to 
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enhance vaccine acceptance for which she serves as co-investigator; and b) 
enhancing HPV vaccine uptake in school-based programs in Canada for which she 
serves as co-investigator. This interest was assessed as non-personal, specific and 
financially significant*. 


• Her institution receives research support from the Nova Scotia Health Research
Foundation to conduct studies on “An Examination of Vaccination Rates and Related
Factors in Children and Adolescents with Autism Spectrum Disorder in Nova Scotia”
for which she serves as co-investigator. This interest was assessed as non-personal,
non-specific and financially significant*.


• Her institution receives research support from the Public Health Agency of Canada
to conduct a study on an environmental scan of public health recommendations for
off-label use of vaccines for which she serves as co – principal investigator. This
interest was assessed as non-personal, non-specific and financially significant*.


• Her institution receives research support from the Public Health Agency of Canada in
collaboration with the Society Obstetricians and Gynecologists to conduct a study
that will develop vaccine product monograph language that support evidence-based
use of vaccines in maternal immunization programs for which she serves as co –
principal investigator. This interest was assessed as non-personal, non-specific and
financially significant*.


• Her institution receives research support from the Public Health Agency of Canada
through the Canadian Public Health Association for creation of Canadian
Immunization Resource Centre for which she serves as one of two project
collaborator leads. This interest was assessed as non-personal, non-specific and
financially significant*.


• Her institution receives research support from Academics Without Borders as well as
Rotary Clubon for MicroResearch, a program for community focused research
capacity buildingin Africa and in Nova Scotia. This interest was assessed as non-
personal, non-specific and financially significant*.


• Her institution receives a grant from the Canadian Institutes of Health Research to
conduct studies on sociocultural and behavioural factors affecting communities’s
response to countermeasures for Covid-19 epidemic. This interest was assessed as
non-personal, specific and financially significant*.


• Her institution receives a grant from the Canadian Institutes of Health Research for
Covid-19 rapid research FO – social policy and public health responses. This interest
was assessed as non-personal, specific and financially significant*.


• Her institution receives a grant from the Canadian Institutes of Health Research for
Covid-19 Legal Frameworks for Vaccination Research Rapid Response. This interest
was assessed as non-personal, specific and financially significant*.


• Her institution receives a grant from the Canadian Institutes of Health Research for
Covid-19 Vaccine Readiness. This interest was assessed as non-personal, specific and
financially significant*.


Shabir Madhi: 
• Served until 2019 as member of the International Vaccine Institute (IVI) Scientific


Advisory Committee. This interest was assessed as non-personal, non-specific and
financially insignificant*.


• Serves as a member of the BMGF Global Health Scientific Advisory Committee. This
interest was assessed as non-personal, non-specific and financially significant*.


• Served as advisor to the Pfizer Group B streptococcal (GBS) vaccine program until
2017. This interest was assessed as non-personal, non-specific and financially
insignificant*.


• Serves as a member of the DSMB of GSK on porcine-free rotavirus vaccine. This
interest was assessed as non-personal, non-specific and financially insignificant*.
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• Serves as a member of the DSMB of Janssen on inactivated polio vaccine. This 
interest was assessed as non-personal, specific and financially insignificant*.


• Serves as Chair of the DSMB of CAPRISA on a HIV monoclonal antibody. This interest 
was assessed as non-personal, non-specific and financially insignificant*.


• His institution receives grants from Pfizer on a GBS vaccine clinical trial and GBS 
epidemiology study on correlate of protection. This interest was assessed as non-
personal, non-specific and financially significant*.


• His institution received grants from Novartis and GSK support on GBS epidemiology 
until 2017. This interest was assessed as non-personal, non-specific and financially 
significant*.


• His institution receives grants from BMGF on epidemiology studies of GBS and 
pediatric pneumococcus, and clinical trials on pediatric PCV. Role: National Principal 
Investigator. This interest was assessed as non-personal, non-specific and financially 
significant*.


• His institution received a grant from VPM /Serum Institute regarding a clinical trial 
on tuberculosis until 2017. This interest was assessed as non-personal, non-specific 
and financially significant*.


• His institution received a grant from Medimmune regarding clinical trials on RSV 
monoclonal antibody until 2017. This interest was assessed as non-personal, non-
specific and financially significant*.


• His institution receives a grant from Novovax regarding a clinical trial on maternal 
RSV vaccine program. This interest was assessed as non-personal, non-specific and 
financially significant*.


• His institution receives a grant from Mitsubishi regarding a clinical trial on rotavirus 
vaccine. This interest was assessed as non-personal, non-specific and financially 
significant*.


• His institution received a grant from MSD in February 2019 regarding a clinical trial 
on monoclonal RSV antibody. This interest was assessed as non-personal, non-
specific and financially significant*.


• His institution receives funds from BMGF for the conduct of COVID-19 epidemiology 
studies and conduct of a phase II study on the ChAdOx-nCoV19 (University of Oxford) 
vaccine. Role: National Principal Investigator This interest was assessed as non-
personal, specific and financially significant*.


• His institution receives funds from BMGF and Novavax for conduct of Phase II study 
on Novavax COVID-19 vaccine.  Role: National Principal Investigator This interest was 
assessed as non-personal, specific and financially significant*.


• His institution receives funds from South African Medical Research Council for the 
conduct of COVID-19 epidemiology studies and conduct of a phase II study on the 
ChAdOx-nCoV19 (University of Oxford) vaccine. Role: National Principal Investigator 
This interest was assessed as non-personal, specific and financially significant*.


• Serves on the Clinical-Regulatory Advisory Board of CureVac for Covid-19 vaccine. 
This interest was assessed as non-personal, specific and financially insignificant*. 


Peter McIntyre : 
• Serves as a member of the DSMB for the Novavax Covid-19 vaccine. This interest


was assessed as non-personal, specific and financially insignificant*.
• Seves as a member of the New Zealand TAG on Meningococcal and Measles


vaccines. This interest was assessed as non-personal, non-specific and financially
insignificant*.


• Seves as a member of the New Zealand Scientific and TAG on COVID-19 vaccines.
This interest was assessed as non-personal, specific and financially insignificant*.


• Serves as investigator on Wellcome Trust grant: “Effectiveness of vaccines to
prevent antibiotic prescribing for acute respiratory tract infections in high-risk
adults” based on a proposed study of vaccine and antibiotic prescribing data on a
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large Australian primary care database. This interest was assessed as non-personal, 
non-specific and financially significant*. 


• Serves as investigator on Australian Indo-Pacific Centre research grant: “Mitigating
health security risks by supporting immunisation  coverage and preventing
outbreaks”.This interest was assessed as non-personal, non-specific and financially
significant*.


• Serves as investigator on National Health and Medical Research Council Project
Grant: Assessing acellular pertussis vaccine effectiveness: integrating transmission
models, genetics and cohort data to inform policy. This interest was assessed as non-
personal, non-specific and financially significant*.


• Serves as investigator on National Health and Medical Research Council Project
Grant:  Quantifying the effectiveness of pertussis vaccine in older adults. This
interest was assessed as non-personal, non-specific and financially significant*.


• Seves as investigator on National Health and Medical Research Council Partnership
Grant:  Reducing vaccine preventable diseases in children: using national active
hospital-based surveillance to evaluate and improve immunisation program
performance. This interest was assessed as non-personal, non-specific and
financially significant*.


• Serves as investigator on National Health and Medical Research Council Project
Grant:  Economic evaluation of alternative pneumococcal vaccination strategies. This
interest was assessed as non-personal, non-specific and financially significant*.


• Serves as investigator on National Health and Medical Research Council Project
Grant:  Vaccination timeliness in Aboriginal and non-Aboriginal infants: risk factors
for delayed vaccination and impact on disease burden – a record linkage study. This
interest was assessed as non-personal, non-specific and financially significant*.


• Serves as investigator National Health and Medical Research Council Centre for
Research Excellence: Accelerating introduction of pneumococcal conjugate vaccines
in the Asia-Pacific region. This interest was assessed as non-personal, non-specific
and financially significant*.


• Serves as lead investigator on Otago Medical Research Foundation Grant NZ :
Immunity to measles in young adults: is it waning and does it matter?”. This interest
was assessed as non-personal, non-specific and financially significant*.


Kim Mulholland: 
• Serves on the Safety Monitoring Committee from the Novavax Covid-19 Vaccine


program. This interest was perceived as non-personal, specific and financially
insignificant*.


• Worked on the DSMB Novavax Maternal RSV immunization project. This interest
was perceived as personal, non-specific and financially insignificant*.


• Advised Allens Law Firm on pneumococcal conjugate vaccine issues. The task was to
educate lawyers on the details of PCVs and pneumococcal disease, it ceased in 2018.
This interest was perceived as personal, non-specific and financially significant*


• Serves as principal investigator in a study to evaluate the indirect impact of
childhood PCV13 vaccination on adult pneumonia in Mongolia funded by Pfizer. This
interest was assessed as non-personal, non-specific and financially significant*.


• Serves as Chair of DSMB for phase 3 trials of PCV10 in Gambia. This interest was
assessed as personal, non-specific and financially insignificant*.


• Served on the Gates Foundation DeCoDe Committee to review CHAMPS limited
autopsy project. This interest was assessed as personal, non-specific and financially
insignificant*.


• Serves as principal investigator on Vietnam pneumococcal vaccine trials 1 and 2
funded by the Bill and Melinda Gates Foundation. This interest was assessed as non- 
personal, non-specific and financially significant*.
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• Served as principal investigator on an evaluation of PCV schedule in a naïve
population in Vietnam funded by the Bill and Melinda Gates Foundation. This interest
was assessed as non- personal, non-specific and financially significant*.


• Serves as principal investigator on HPV detection in young women 5 years following
the 4-valent HPV vaccine in Mongolia funded by the Bill and Melinda Gates
Foundation. This interest was assessed as non- personal, specific and financially
significant*.


• Serves as principal investigator on the evaluation of the impact of PCV in Mongolia
funded by GAVI. This interest was assessed as non- personal, non-specific and
financially significant*.


Kathy Neuzil: 
• Serves as a member of the Board of Directors for the US National Foundation of


Infectious Diseases.  This interest was perceived as non-personal, non-specific and
financially insignificant*.


• Serves as co-investigator on an NIH contract for a Vaccine and Treatment Evaluation
Unit.  As part of this contract, she is principal investigator for 3 studies: A trial of
Tdap among pregnant women in Mali, clinical studies of H7N9 influenza vaccines
among U.S. adults, and clinical study of H5N8 vaccine among U.S. adults. This
interest was perceived as non-personal, non-specific and financially significant*.


• Serves as principal investigator for the Bill and Melinda Gates Foundation-funded
Typhoid Vaccine Acceleration Consortium (2016-2021), which includes clinical studies
of Bharat Biotech, India Typbar-TCV. This interest was perceived as non-personal,
specific and financially significant*.


• Served as the IDSA liaison representation to the U.S.  CDC Advisory Committee on
Immunization Practices from 2010-December 31, 2018. This interest was perceived
as non-personal, non-specific and financially insignificant*.


• Served as a co-investigator on a study of polyvalent meningococcal vaccine
manufactured by Serum Institute of India, Ltd.  (SIIL) in 2017 and 2018.  This interest
was perceived as non-personal, non-specific and financially significant*.


• Her institution receives research support for the following studies. These interests
were perceived as non-personal, non-specific and financially significant*.


o A grant award from Nosocomial Vaccine Company for development of novel
vaccines for multidrug-resistant gram-negative bacteria and for production
and purification of Staphylococcus aureus type 5 and 8 capsule
polysaccharides.


o Safety and reactogenicity of HTNV, PUUV, and combination HTNV/PUUV
DNA vaccine from Geneva Foundation


o Double-Blind, Randomized, Pacebo-Controlled Phase 2b Study to Evaluate
the Safety, Tolerability, Efficacy, and Immunogenicity of a 2-Dose and 3-Dose
Regimen of V160, Human Cytomegalovirus (HCMC) Vaccine in Healthy
Seronegative Adolescent and Adult Women 16-35 Years of Age funded by
Merck.


o A Phase III, Stratified, Randomized, Observer Blind, Controlled, Multicenter
Clinical Study to Evaluate the Safety, Immunogenicity and Efficacy of an
Adjuvanted Quadrivalent Subunit Influenza Virus Vaccine Compared to Non-
Adjuvanted Comparator Influenza Vaccine in Children > 6 to < 72 Months of
Age funded by ICON clinical Research, and ended in 11/16.


• Her institution receives research support for a Phase 3A study of human rotavirus
vaccine vaccine in healthy infants 6-12 weeks of age (ROTA-090) from GSK. This
interest was perceived as non-personal, non-specific and financially significant*.


• Her institution received research support for the following studies:
o A grant from Bill and Melinda Gates Foundation to study influenza vaccine in


pregnant women in Mali. (grant ended 2017).
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This interest was perceived as non-personal, non-specific and financially significant*. 
• Her institution received research support for a phase 2 safety and immunogenicity 


study of GSK recombinant chimpanzee adenovirus Ebola vaccine (grant ended
2/2017). This interest was perceived as non-personal, non-specific and financially 
significant*.


• Her institution receives research support for a study on safety and immunogenicity of 
GSKs' Rabies SAM (CNE) vaccine (GSK3903133A) in healthy adults (funded by GSK). 
This interest was perceived as non-personal, non-specific and financially significant*.


• Serves as an investigator on for the phase I/II study of the Pfizer mRNA coronavirus 
vaccine grant, with a grant to her institution. This interest was perceived as 
nonpersonal, specific and financially significant*.


• Serves as an investigator on a grant from University of Washington for a COVID-19 
post-exposure propylaxis study of hydroxychloroquine. This interest was perceived as 
non-personal, specific and financially significant*.


• Co-chair of the NIH COVID Vaccine Prevention Network, which serves as the focal 
point for USG sponsored trials in COVID-19 vaccines and monoclonal antibodies. This 
Network is supported through an NIH grant for the leadership of the Vaccine 
Treatment and Evalution Units. The plan is to test COVID vaccines and monoclonals 
from multiple manufacturers – Moderna, Sanofi, Janssen, Regeneron and others. This 
interest was perceived as non-personal, specific and financially significant*. 


Hanna Nohynek 
• Her institution (Finnish Institute for Health and Welfare) has been receiving research 


grants from vaccine manufacturers for phase III and IV pediatric pneumococcal 
vaccine evaluations. This interest was assessed as non-personal, non-specific and 
financially significant*.


• Her institution (Finnish Institute for Health and Welfare) has been receiving research 
grants from vaccine manufacturers for phase III and IV studies of influenza vaccines. 
This interest was assessed as non-personal, non-specific and financially significant*.


• Serves as secretary of the THL NITAG and in that position needs to give public 
statements on NITAG decisions / recommendations, and she has also served as 
expert to European Medicines Agency (EMA) and Finnish Medicines Agency (Fimea) 
from those grounds. This interest was perceived as non-personal, non-specific and 
financially insignificant*.


• Serves as secretary of Finnish NITAG which makes recommendations on use of 
covid-19 vaccines. This interest was perceived as non-personal, specific and 
financially insignificant*.


• Serves as Chief physician in charge of advising Finnish MoH on the matter and giving 
advice to the Finnish professionals dealing with covid-19 vaccinations. This interest 
was perceived as non-personal, specific and financially insignificant*.


• Serves as investigator in an Innovative Medicines Initiative (IMI) funded project 
DRIVE (Development of Robust and Innovative Vaccine Effectiveness) 2018-23. This 
interest was perceived as non-personal, non-specific and financially insignificant*.


• Serves as Chair of the DSMB of an IMI funded PERISCOPE study on maternal 
pertussis immunization in the Gambia. This interest was perceived as non-personal, 
non-specific and financially insignificant*.


• Serves as a member of the research group validating the methodology used of the 
Effectiveness (I-MOVE+)) (2015-2018) and the European Centre for Disease 
Prevention and Control (ECDC) (I-MOVE) (2016-2017) network measuring 
effectiveness of influenza vaccination in the EU context. This interest was assessed 
as non-personal, non-specific, and financially insignificant*.


• Serves as member to DSMB of COmCov studies of University of Oxford. This interest 
was assessed as non-personal, specific and financially insignificant*. 
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Folake Olayinka: 
• Serves as advisor to the WHO-AFRO Regional Immunization Technical Advisory


Group. This interest was perceived as non-personal, non-specific and financially
insignificant*.


• Serves as Scientific Advisor to the African Local Initiative for Vaccinology Expertise
Scientific Advisory Group. This interest was perceived as non-personal, non-specific
and financially insignificant*.


• Serves a Chair IA2030 Content Working Group. This interest was perceived as non-
personal, non-specific and financially insignificant*


Punnee Pitisuttithum: 
• Serves on the Safety Monitoring Committee forthe U.S. Military HIV Research 


Program (MHRP). This interest was perceived as non-personal, non-specific and 
financially insignificant*.


• Serves as principal investigator for the GPO-funded  phase III to Evaluate the 
Immunogenicity and Safety of Tri Fluvac influenza vaccine. This interest was 
perceived as non-personal, nonspecific and financially significant*.


• Serves as principal investigator for the National Science and Technology 
Development Agency-funded phase II/III combined Diphtheria-Tetanus-recombinant 
acellular pertussis (DTaP) vaccine to a licensed DTaP based vaccine (non-
recombinant. This interest was perceived as non-personal, nonspecific and 
financially significant*.


• Serves as principal investigator for the MSD-funded phase III Study the Efficacy, 
Immunogenicity, and Safety of the 9vHPV vaccine. This interest was perceived as 
non-personal, specific and financially significant*.


• Serves as principal investigator for the government funded phase I/II study of the 
NDV-HXP-S Covid vaccine. This interest was perceived as non-personal, specific and 
financially significant*.


• Serves as principal investigator coordinator for the government funded study of the 
immunogenicity and safety of the 3rd dose of the ChAdOx-nCoV19 or BNT162b2 
vaccine against COVID19 vaccine. This interest was perceived as non-personal, 
specific and financially insignificant*.


• Serves as principal investigator for the Janssen funded phase I/II study of the 
immunogenicity and safety of the Ad26.CoV2.S heterologous against COVID19 
vaccine. This interest was perceived as non-personal, specific and financially 
significant*. 


Anthony Scott: 
• Served on the DSMB of PATH Vaccine Solutions, Clinical development of Pneumosil.


Vaccine trial in Gambia . This interest was assessed as non-personal, non-specific
and financially insignificant*.


• Served on the DSMB of Iliad Biotechnologies, Phase 2b trial of Intranasal Pertussis
vaccine BPZE1. This interest was assessed as non-personal, non-specific and
financially insignificant*.


• Served on WHO Working groups on vaccines and AMR . This interest was assessed as
non-personal, non-specific and financially insignificant*.


• Serves on the UK Dept of Health and Social Care Joint Committee on Vaccination and
Immunisation. This interest was assessed as personal, non-specific and financially
insignificant*.
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• Served on the Expert Working Group on COVID-19 vaccine safety for the UK 
Commission on Human Medicines / MHRA. This interest was assessed as personal, 
specific and financially insignificant*.


• Received travel grant from KENES on behalf of the organizer to attend the ISPPD 
conference in Melbourne in April 2018. This interest was assessed as personal, non-
specific and financially insignificant*.


• Serves as principal investigator for the Gates funded study  on fractional doses of 
PCV in infants in Kenya. This interest was perceived as non-personal, non-specific 
and financially significant*.


• Serves as co-investigator for the UK Foreign Commonwealth and development office 
funded study  on COVID-19 vaccine evaluation in Kenya. This interest was perceived 
as non-personal, specific and financially significant*.


• Serves as principal investigator for the European Union funded study on Vacc-iNTS, 
Phase I/II trial of NTS vaccine in Kenyan adults. This interest was perceived as non-
personal, non-specific and financially significant*.


• Serves as principal investigator for the GAVI funded study  on PCVIS -post-licensure 
study of PCV10 impact, Kenya . This interest was perceived as non-personal,non-
specific and financially significant*. 


* According to WHO's Guidelines for Declaration of Interests (WHO expert), an interest is
considered "personal" if it generates financial or non-financial gain to the expert, such as
consulting income or a patent. "Specificity" states whether the declared interest is a subject
matter of the meeting or work to be undertaken. An interest has "financial significance" if
the honoraria, consultancy fee or other received funding, including those received by
expert's organization, from any single vaccine manufacturer or other vaccine-related
company exceeds 5,000 USD in a calendar year. Likewise, a shareholding in any one vaccine
manufacturer or other vaccine-related company in excess of 1,000 USD would also
constitute a “significant shareholding”. As per WHO assessment of conflicts of interests,
“Institution” relates only to the expert’s research/or work unit, as subdivision of the
department. Funding going to the SAGE member’s research unit needs to be declared.


The above stated conflicts are made available for public notice and comment prior to the the 
SAGE meeting in order to provide information on interest or biases relating to potential 
conflicts of SAGE members. Comments will be treated in a confidential manner and should 
be emailed to the Secretariat (sageexecsec@who.int) ahead of the meeting. 
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Updated September 2021 


CURRENT SAGE WORKING GROUPS 
As of 17 March 2022 


Disclaimer: this list includes the current working groups and their active members. These working groups are listed in 
the order in which they were established. For the complete history of current and previous working groups and their 
membership from inception, please visit the SAGE website (www.who.int/groups/strategic-advisory-group-of-experts-
on-immunization/working-groups). 


1. SAGE working group on polio (established August 2008)


www.who.int/groups/strategic-advisory-group-of-experts-on-immunization/working-groups/polio-vaccine 


Terms of Reference 
Since the launch of the Polio Eradication and Endgame Strategic Plan, significant progress has been made towards 
Wild Poliovirus eradication and achievement of withdrawal of oral polio vaccine type 2 (OPV2) and introduction of IPV 
in routine immunization. Nevertheless, challenges remain, in particular the persistence of Wild Poliovirus circulation in 
the last endemic areas; and emergence of outbreaks due to circulating vaccine-derived polio virus type 2 (cDVPVs). 
The Strategic Advisory Group of Experts (SAGE) on Immunization working group on polio was established in August 
2008 to review the available scientific evidence and provide SAGE and the Global Polio Eradication Initiative (GPEI) 
with technical guidance on the Polio Eradication and Endgame Strategy. 


Planned scope of work for the SAGE working group on polio for the coming years:


• Prepare SAGE for the development of comprehensive policy guidance on Polio Eradication Initiative, including
by:


o Reviewing long-term Polio Risks & Risk Management Strategies:
reviewing the long-term risks associated with use of live poliovirus vaccines after wild polio
transmission is interrupted globally, and reviewing the range of strategies for mitigating those risks in
low-income settings (e.g. coordinated OPV cessation, mOPV stockpiles and response mechanisms).


o Assessing Current & Future IPV Products:
reviewing the existing range of OPV/IPV products, in terms of supply capacity, production cost, price,
presentations, etc. and their appropriateness and suitability for low-income settings; and studying the
'pipeline'


o Establishing long-term IPV Policies:
establishing the range of IPV vaccination schedule options that could be utilized in a post-eradication
world, given the difference in polio immunization objectives and poliovirus importation and circulation
risks; and identifying and characterizing the programmatic implications, economics and opportunity
costs of those policy options and availability of different IPV products, for both IPV stand-alone and
combination formulations, in low-income settings;


o Identifying and prioritizing knowledge gaps that should be addressed to facilitate SAGE decision-
making on the role(s) and options for IPV use in the post-eradication era in low-income settings.


• Propose key recommendations to SAGE, supplementing the WHO position paper 2016 on Polio vaccines
based on the progress of polio eradication efforts and new scientific evidence.


• Advise SAGE on technical guidance to WHO and the GPEI for the development and finalization of the overall
polio eradication 'endgame strategy' to reduce long-term risks associated with OPV and to accelerate wild
poliovirus eradication, including:


o Establishing long-term IPV Policies:
the range of IPV vaccination schedule options that could be utilized in a post-eradication world, given
the difference in polio immunization objectives and poliovirus importation and circulation risks; and
identifying and characterizing the programmatic implications, economics and opportunity costs of
those policy options and availability of different IPV products, for both IPV stand-alone and
combination formulations, in low-income settings


o Strategy and priorities in the related areas of outbreak response, surveillance, containment, risk
assessment (esp. Vaccine Derived Polio Viruses), research and product development, and vaccine
supply
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Composition  
 
SAGE Members 


• Dr Ilesh Jani, (Co-Chair of the Working Group), National Institute of Health, Mozambique 
• Ezzeddine Mohsni, Senior Technical Adviser in Global Health Development/ Eastern Mediterranean Public 


Health Network (Working Group member from February 2019) 
 
Experts 


 
• Guillaume Chabot-Couture, Institute for Disease Modeling, USA 
• Shelley Deeks, Public Health Ontario, Canada 
• Peter Figueroa, University of the West Indies, Jamaica (Co-Chair of Working Group and SAGE member until 


April 2015) 
• Deepa Gamage, Ministry of Health, Sri Lanka 
• Jeffrey Mphahlele, South African Medical Research Council, South Africa 
• Jean-Marc Olivé, Chair of the Technical Advisory Group (TAG), Pakistan, Afghanistan, Horn of Africa and 


Lake Chad  
• Kathleen O’Reilly, London School of Hygiene & Tropical Medecine, UK 
• Sonia Resik, Havana Medical University and director of polio laboratory, Cuba 
• Ali Faisal Saleem, Aga Khan University, Karachi, Pakistan 
• Khalequ Zaman, International Centre for Diarrhoeal Disease Research, Bangladesh 


 
 
 
2. SAGE Working Group on Ebola Vaccines and Vaccination (established November 2014) 


www.who.int/groups/strategic-advisory-group-of-experts-on-immunization/working-groups/ebola 


 
Terms of Reference 
 


The Strategic Advisory Group of Experts (SAGE) on Immunization Working Group is exceptionally established 
with an urgent program of work to facilitate a SAGE review of available evidence and advice to WHO on the 
potential post-licensure use of the Ebola vaccines in order to mitigate the public health impact of the disease and 
possibly curtail the ongoing epidemic, as well as to prevent or reduce the risk of spread of disease in the future. 
The Working Group will consult with the Task Force for Immunization for the African region to get their inputs into 
the operationalization of immunization delivery and consolidate the feedback into a report to SAGE with 
recommendations on potential strategies for the deployment of vaccines. 
 
In order to facilitate the review, the Working Group will provide technical advice and support to the WHO 
secretariat by: 
 


1. Reviewing the essential evidence required for making policy recommendations and on strategies for 
deployment of vaccines. 


2. Reviewing the available epidemiological data to define the risk of disease and mortality in different population 
groups in order to allow prioritization of vaccination. 


3. Reviewing the evidence, as it becomes available, on the safety, and efficacy of candidate vaccines, including 
the optimal vaccination schedules to be used for each vaccine. 


4. Reviewing the data on the projected impact of different vaccination strategies generated by mathematical 
models. 


5. Reviewing the synthesis of the above data for presentation to SAGE and in drafting recommendations for 
consideration by SAGE. 


6. Reviewing the projections of vaccine supply to inform recommendations on the deployment of vaccines. 
 
Composition 
 
SAGE Members 


• Ezzeddine Mohsni, Senior Technical Adviser in GHD/EMPHNET (Global Health Development / Eastern 
Mediterranean Public Health Network) (Co-Chair of the Working Group) 


• Shabir Mahdi, Professor of Vaccinology at the University of the Witwatersrand, Johannesburg, South Africa. 
(Serves on the Working Group as of January 2019) 


 
Experts  
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• Nick Andrews, Public Health England, United Kingdom 
• George Bonsu, Ministry of Health, Ghana 
• David Durrheim, Hunter New England Area Health Service, Australia (SAGE member until April 2012) 
• Jean-Paul Jemmy, Médecins Sans Frontières, Belgium 
• Ann Kelly, University of Exeter, United Kingdom 
• Keymanthri Moodley, Stellenbosch University, South Africa 
• Diop Ndack, University Cheikh Anta Diop, Senegal 
• Cesar Velasco Muñoz, Hospital Clínico Lozano Blesa, Spain  
• Chris Ockenhouse, PATH, United States of America 
• Helen Rees, University of Witwatersrand, South Africa (Former SAGE Chair 2010 – 2013, Co-Chair of the 


Working Group) 
• Robert Pless, Public Health Agency of Canada, Canada 
• Charles Wiysonge, Stellenbosch University, South Africa (SAGE member until October 2018) 
• Fred Were, University of Nairobi, Kenya (SAGE member until October 2019) 
• Oyewale Tomori, Redeemer's University, Nigeria (Co-Chair of the Working Group until March 2016 and SAGE 


member until April 2015) 
 
 
3. SAGE Working Group on pneumococcal conjugate vaccine (established December 2016)  


www.who.int/groups/strategic-advisory-group-of-experts-on-immunization/working-groups/pneumococcal-vaccines 
 
Terms of Reference (as of December 2019) 
 
To provide advice to SAGE on use of pneumococcal vaccines for a national programme to vaccinate adults, the 
Working Group will: 


• Review burden of pneumococcal disease in adults; 
• Review data on efficacy, effectiveness, duration of protection, schedules, safety, and cost of pneumococcal 


vaccines in older adults (i.e., over 50 years); 
• Review evidence of other means of prevention of pneumococcal disease in older adults, including impact of 


herd immunity from infant pneumococcal vaccination programmes;  
• Review country experiences with delivering pneumococcal vaccination to adults, including coverage, feasibility, 


and programmatic considerations.  
In collaboration with work on the Defeating Meningitis Roadmap and the SAGE Meningococcal Vaccines and 
Vaccination Working Group and with regards to children and adults, the Working Group will review evidence for 
pneumococcal conjugate vaccine use in outbreaks.  
 
Composition 
SAGE Members 


• Peter McIntyre, University of Sydney, Australia  
• Edward Kim Mulholland: Murdoch Childrens Research Institute, Australia 


 
 


Experts 


• Narendra Arora, The INCLEN Trust International, New Delhi 
• Stefan Flasche, London School of Hygiene & Tropical Medicine, United Kingdom 
• Kyung-Hyo Kim, Ewha Womans University School of Medicine, Republic of Korea 
• David Goldblatt, University College London, United Kingdom 
• Elisabeth Lieke Sanders, National Institute for Public Health and the Environment, The Netherlands 
• Dafrossa Lymo, Ministry of Health, Tanzania 
• Elizabeth Miller, Public Health England, United Kingdom 
• Tamara Pilishvili, Centers for Disease Control and Prevention, United States of America 
• Andrew J. Pollard, University of Oxford, United Kingdom (former SAGE Member) 
• Cristiana Toscano, Federal University of Goiás, Brazil 


 
 
 
4. SAGE Working Group on Influenza (established December 2017) 


www.who.int/groups/strategic-advisory-group-of-experts-on-immunization/working-groups/influenza 
 
Terms of Reference 
 
The Working Group will be requested to review the scientific evidence and relevant programmatic considerations to 
assess whether there is sufficient evidence to inform a revision of the global policy on the use of influenza vaccines, 
and for subsequent updating of the WHO position paper on influenza vaccines. 
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Specifically the Working Group will be asked to review the following elements: 
 
1. the evidence on the effect of prior immunization on the efficacy and effectiveness of seasonal influenza 


vaccines, and whether a change in policy would result in improved public health outcomes 
2. the evidence on the effectiveness of adjuvanted seasonal influenza vaccines in pediatric populations 
3. the evidence on the effectiveness of improved formulations for influenza vaccines for older adults and other 


risk groups 
4. the evidence on the effectiveness of live attenuated influenza vaccines. 


 
Composition 
SAGE members 


• Rakesh Aggarwal: Institute of Medical Sciences, Lucknow, India 
• Hanna Nohynek, National Institute for Health and Welfare, Finland; 
 


Experts 


• Jon Abramson, Wake Forest Baptist Health, USA 
• Joseph Bresee, Centers for Disease Control and Prevention, USA 
• Cheryl Cohen, National Institute of Communicable Diseases, South Africa 
• Rebecca J. Cox, University of Bergen, Norway 
• Luzhao Feng, Chinese Center for Disease Control and Prevention, China 
• Kawsar Talaat, Johns Hopkins Bloomberg School of Public Health, USA 
• Richard Pebody, Public Health England, United Kingdom (moved to WHO EURO) 
• Andrew J. Pollard: University of Oxford, United Kingdom (Chair of the Working Group) 
• Sheena Sullivan, WHO Collaborating Centre for Reference and Research on Influenza, Australia 
• Bryna Warshawsky, Public Health Agency of Canada, Canada 
• Maria Zambon, Public Health England, United Kingdom 


 
 
 
5. SAGE Working Group on potential contribution of HPV vaccines and immunization 


towards cervical cancer elimination (established June 2018; suspended) 


www.who.int/groups/strategic-advisory-group-of-experts-on-immunization/working-groups/hpv 
 
Terms of Reference (for the period of June 2018 – November 2019) 
 


• To critically appraise the evidence and potential effect and cost effectiveness of various vaccination strategies 
towards the achievement of cervical cancer elimination. 


• To review the potential contribution of HPV vaccination towards cervical cancer elimination. 
• To develop and propose interim goals that can be achieved through immunization as part of the efforts 


towards cancer elimination. 
• To develop and propose indicators to monitor the accomplishment of these interim goals.  
• To discuss and propose additional research related to vaccines and immunization needed to attain these 


goals and outline potential innovations that may help enhance the achievement of these goals. 
 
Composition 
 
SAGE members 


• Rakesh Aggarwal, Uttar Pradesh, India, (SAGE Member)  
• Punnee Pitisuttithum, Bangkok, Thailand  


 
 
Experts 


• Neerja Bhatla, New Delhi, India 
• Silvia Franceschi, Aviano, Italy 
• Eduardo Franco, Montreal, Canada 
• Suzanne Garland, Melboume, Australia 
• Lauri Markowitz, Atlanta, USA 
• Andrew J. Pollard, Oxford, UK (former SAGE Member) 
• Youlin Qiao, Chengdu, China 
• Helen Rees, Johannesburg, South Africa (former SAGE Member) 
• John Schiller, Bethesda, USA 
• Margaret Stanley, Cambridge, UK 
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6. SAGE Working Group on meningococcal vaccines and vaccination (established May 
2019) 


www.who.int/groups/strategic-advisory-group-of-experts-on-immunization/working-groups/meningococcal-vaccines-
and-vaccination 


Terms of Reference 


The Working Group is established to prepare a SAGE review of new evidence and advice to WHO on the use of 
meningococcal vaccines in order to mitigate the public health impact of the disease, including to reduce the risk of 
epidemics and to prevent health emergencies. Specifically, this will include updating recommendations for the optimal 
use of meningococcal conjugate vaccines in the meningitis belt and globally; as well developing recommendations for 
the use of meningococcal B vaccines.  


The Working Group will also prepare a SAGE review of the plan and advice to WHO on the global roadmap to defeat 
meningitis by 2030, focusing on bacterial meningitis and equitable and sustainable access to vaccines, diagnosis and 
treatment. In order to prepare for the review, the Working Group will provide technical advice and support to the WHO 
secretariat through reviews of: 


• The essential evidence required for updating or developing policy recommendations for meningococcal 
vaccines, including on strategies for use of vaccines to respond to epidemics; 


• The updated epidemiological data on meningococcal carriage, disease, mortality and epidemics, globally and 
in different regions and population groups; 


• The evidence on the use of meningococcal vaccines, globally and in different regions and population groups, 
including in outbreak response settings, with a particular focus on protein based vaccines against group B 
meningococcus and conjugate vaccines against all other meningococci; 


• The evidence on the safety, immunogenicity and efficacy of candidate vaccines, in various target age groups 
and using different schedules. 


• The results from modelling studies on the impact of different vaccination strategies. 
• The summary of the above data for presentation to SAGE and the draft recommendations for consideration by 


SAGE. These recommendations will be used to update the WHO position paper on meningococcal vaccines. 
• The draft Defeating meningitis by 2030 global roadmap and the draft advice for consideration by SAGE. 


 


Composition 


SAGE members 


• Kathleen Neuzil, University of Maryland School of Medicine, USA (Chair of the Working Group). 
• Peter McIntyre, University of Sydney, Australia 


 
Experts 


• Ray Borrow, Public Health England, UK 
• Dominique Caugant, Norwegian Institute of Public Health, Norway 
• Matthew Coldiron, Epicentre, France 
• Abdulrazaq Garba Habib, Bayero University Kano, Nigeria 
• Ziad Memish, Saudi Ministry of Health, Saudi 
• Judith Mueller, Ecole des Hautes Etudes en Santé Publique, France 
• Rasmata Ouedraogo, Centre Hospitalier Pédiatrique Charles de Gaulle, Burkina Faso 
• Marco Sáfadi, Santa Casa de São Paulo School of Medical Sciences, Brazil 
• Manish Sadarangani, University of British Columbia and British Columbia Children’s Hopsital, Canada 
• David Stephens, Emory University School of Medicine, USA 
• Caroline Trotter, University of Cambridge, UK 
• Ann von Gottberg, National Health Laboratory Service, South Africa 
• Shao Zhujun, Chinese Center for Disease Control and Prevention, China 


 


7. SAGE Working Group on Covid-19 vaccines (established June 2020) 


www.who.int/groups/strategic-advisory-group-of-experts-on-immunization/working-groups/covid-19 


Terms of Reference 


This Working Group will be requested to advise WHO and its Member States on the use of initially pre-licensed 
vaccines, followed by updates as additional information on product use becomes available. The timeliness of setting up 
this group will ensure a coordinated approach with the vaccine Research and Development (R&D) community, in order 
to accelerate timelines and maximize global efforts to make evidence-informed policy decisions for the best use of a 
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vaccine against COVID-19. The ultimate goal of a vaccine against COVID-19 is to rapidly contain the pandemic, save 
lives, protect health care systems, and restore global economies. 
Specifically the Working Group will be asked to: 


• Provide continuous review of the available evidence on the progress of candidate vaccines against COVID-19, 
and provide regular updates to SAGE; 


• Provide guidance for the development of prediction models to determine the optimal age groups and target 
populations for vaccine introduction and guide vaccine introduction for optimal impact, and contribute to 
updates of target product profiles of vaccines for outbreak and for endemic use; 


• Prepare policy advice to SAGE on the accelerated use of vaccines (pre-licensure and post-licensure) to 
mitigate the public health impact of COVID-19, to possibly curtail the ongoing pandemic, as well as to prevent 
or reduce the risk of spread of disease in the future. This will include recommendations for early allocation of 
vaccines when vaccine supply is still limited; 


• Provide guidance to ensure equitable access to vaccination, and guidance on the safety of vaccines when 
safety data from wider population use become available, in close collaboration with Global Advisory 
Committee on Vaccine Safety (GACVS) 


Composition 


SAGE Members 


• Hanna Nohynek: Finnish Institute for Health and Welfare (THL), Finland (Chair of the Working Group) 
• Folake Olayinka: USAID, USA 
• Sonali Kochhar: University of Washington, USA 


 
Experts 


• Muhammed Afolabi, London School of Hygiene & Tropical Medicine, UK 
• Celia Alpuche, Instituto Nacional de Salud Publica, Mexico 
• Hyam Bashour, Al Sham Private University, Syria 
• David Durrheim, University of Newcastle, Australia 
• Ruth Faden, Johns Hopkins Berman Institute of Bioethics, USA 
• Nicholas Grassly, Imperial College London, UK 
• Eusebio Macete, the Manhiça Health Research Centre, Mozambique 
• Mary Ramsay, Public Health England, UK 
• Peter Smith, London School of Hygiene & Tropical Medicine, UK 
• H. Keipp Talbot, Vanderbilt University Medical Center, USA 
• Cristiana Toscano, Federal University of Goiás, Brazil 
• Annemarie Wasley, U.S. Centers for Disease Control and Prevention, USA 
• Yin Zundong, Chinese Center for Disease Control and Prevention, China 


 
 
8. SAGE Working Group on Hepatitis A vaccines (established August 2020) 


www.who.int/groups/strategic-advisory-group-of-experts-on-immunization/working-groups/hepatitis-a 


 


Terms of Reference 


The working group is tasked to review the evidence with respect to the following  questions/issues and to propose to 
SAGE recommendations, including the need to update recommendations stated in the current (2012) hepatitis A 
vaccine position paper.    


1. Review data regarding the global prevalence and burden of disease caused by hepatitis A virus infection, 
including outbreaks. 


2. Identify a global list of inactivated and live attenuated hepatitis A vaccines that are being used in public health 
programmes. 


3. Review data on efficacy, effectiveness, duration of protection, schedules, safety, and cost-effectiveness of 
internationally available hepatitis A vaccines, considering all dosing and schedules in particular single 
dose schedules of inactivated vaccine. 


4. Review programmatic and feasibility of introduction into risk-based vaccination and routine immunization 
schedule. 


5. Consider an update to the 2012 WHO position paper on hepatitis A vaccines. 
 


Composition 


SAGE Members 


• Rakesh Aggarwal, Jawaharlal Institute of Postgraduate Medical Education and Research, India(Chair of 
the Working Group) 


• Shabir Mahdi, University of the Witwatersrand, South Africa 
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Experts 


• Zhijie An, Chinese Center for Disease Control and Prevention, China 
• Fuqiang Cui, Peking University, China 
• Manal Hamdy El Sayed, Ain Shams University, Egypt 
• Jorgue Enrique Gonzalez, National Administration for Laboratories and Institutes of Health, Argentina 
• Sema Mandal, Public Health England, UK 
• Kassiani Mellou, Hellenic Public Health Organization, Greece  
• Noele Nelson, Centers for Disease Prevention and Control, USA 
• Thomas Wierzba, Wake Forest School of Medicine, USA 


 


 
9. Malaria Programme Advisory Group (PAG) 


www.who.int/initiatives/malaria-vaccine-implementation-programme/programme-advisory-group 


 


Terms of Reference 


The role of the Programme Advisory Group (PAG) is two-fold: 
1. To provide technical advice and recommendations to the WHO MVIP Leadership Team (which includes the 


Executive Director, Universal Health Coverage/Life Course (ExDir UHL) Assistant Directors-General (ADGs) 
of Universal Health Coverage/Communicable and Noncommunicable Diseases (UNC) and Access to 
Medicines and Health Products (MHP), the Regional Director (RD) of the Regional Office for Africa (AFRO), 
the Directors of Immunization, Vaccines and Biologicals (IVB), the Global Malaria Programme (GMP) and 
AFRO, and the WHO Representatives of Ghana, Kenya and Malawi, and to the Programme Coordination 
Team on issues concerning MVIP. Specific responsibilities include: 


o Review and advice to WHO regarding the final master protocol for the RTS,S/AS01 pilot evaluations, 
to ensure appropriate design and methodologies to assess the questions highlighted by SAGE and 
MPAC. 


o Regular review and advice to WHO of MVIP activities and progress to ensure implementation 
according to protocols and scientific guidelines. 


o Review and regular advice to WHO of MVIP reports and data for submission to WHO advisory bodies 
(in particular MPAC and SAGE). 


o Advice to WHO on specific technical, scientific or programmatic questions that may arise over the 
course of the MVIP implementation. 


 
2. To review the evidence, as it becomes available, including but not limited to the MVIP, on the balance of 


benefits and risks of RTS,S/AS01 and consolidate the feedback into a report to SAGE and MPAC with 
recommendations on potential wider scale use of the vaccine in sub-Saharan Africa. Specific responsibilities 
include: 


o Review data on efficacy, effectiveness, duration of protection, safety, feasibility, acceptability, impact, 
equity impact, economic aspects and other relevant considerations of the RTS,S/AS01 vaccine. Seek 
advice and recommendations from other advisory groups, such as the MVIP Data Safety and 
Monitoring Board (DSMB), the Global Advisory Committee on Vaccine Safety (GACVS), the African 
Advisory Committee on Vaccine Safety (AACVS), the Regional Immunization Technical Advisory 
Group (RITAG), the Immunization and vaccines related implementation research advisory committee 
(IVIR-AC) and others as relevant. 


o Develop draft policy recommendations on the potential wider scale use of the malaria vaccine for 
consideration by SAGE and MPAC in line with the Framework for Policy Decision on RTS,S/AS01 by 
assessing the quality of the evidence and completing an evidence-to-recommendation table for 
systematic consideration of the criteria specified therein. 


o Advise on the appropriate timing for review of the evidence by SAGE and MPAC in view to making 
policy recommendations and updating the 2016 WHO position paper on malaria vaccines. 


 
SAGE members 


• Kathleen Neuzil, Center for Vaccine Development and Global Health (CVD), University of Maryland School of 
Medicine, USA 


• Kim Mulholland, Professorial Fellow, Murdoch Childrens Research Institute, Australia (Member of the 
Working Group and SAGE member since July 2020); 


 
Experts 


• Ifedayo Adetifa, London School of Hygiene and Tropical Medicine, United Kingdom 
• Nick Andrews, UK Health Security Agency, United Kingdom 
• Patrick Kachur, Columbia University Mailman School of Public Health, USA 
• Corine Karema, Swiss Tropical and Public Health Institute, Switzerland 
• Dafrossa Cyrily Lyimo, Independent Consultant, Tanzania 
• Eusebio Macete, the Manhiça Health Research Centre, Mozambique 
• Peter Smith, London School of Hygiene & Tropical Medicine, United Kingdom (Chair of the PAG) 
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10. Orthopoxvirus vaccines ad hoc working group (under establishment) 


Terms of Reference 


The Orthopoxvirus vaccines ad hoc Working Group (PoxVac WG) will support WHO in seeking guidance 
from SAGE on the use of smallpox and monkeypox vaccines in three specific areas of public health concern, 
namely global health security, occupational health and safety, and prevention and control of monkeypox 
and other orthopoxvirus infections. 


D_admin_general


SAGE meeting April 2022 8












‘How to’ guide 
Version: 9 March 2020 


1 GENERAL COMMENTS 


This interactive pdf contains all background documents for the designated Strategic Advisory 
Group of Experts (SAGE) on Immunization meeting. 


To function correctly, this document should be opened with Acrobat Reader (please download 
if necessary). 


The interactive SAGE yellow book pdf document (or eYellow Book - eYB) is built of a ‘main’ 
document containing the table of content, the agenda and a series of session landing pages 
from which you can open the different attachments.  
All the technical content is encapsulated in the different attachments. 


2 HOW TO USE THE EYELLOW BOOK (EYB) 


The table of contents page is your starting point. Clicking on a session in the table will bring you 
directly to the session landing page. You can also follow the hyperlinks in the agenda. 


2.1 ‘BACK TO TOC’ BUTTON 
The ‘Back to TOC’ button on each page allows you to navigate back to the table of content from 
any page by a simple click. 


2.2 SESSION LANDING PAGES 
Each landing page has three subsections with the list of documents to read: 


- Executive Summary: gives a brief outline of session objectives and the questions asked
- Background document (essential): lists the essential documents to read to prepare the


session (previously those documents featuring in the paper copy of the yellow book)
- Background documents (additional): lists other information material useful for the


session. Previously the ‘online-only’ material.


Clicking on the different items of those lists will open the documents as attachments in 
separate tabs of the Acrobat reader.  
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2.3 REFERENCING  ATTACHMENTS: 
All General/administrative attachments are numbered with capital Letter A-E.   
e.g.: A_admin_general. 
 
The names of documents related to the sessions all start with the session number followed  


- by ‘.’ and by a sequential order number 
- then by  ‘_’ and a short session title  


e.g.: 1.1_Polio 
The full names of the different sessions are found in the table of content. 
For usability, please close unused tabs regularly (at least when changing session). 
The standardised denomination of attachments will allow you to reference easily the 
information: for instance “page 2, second para of 1.1_director”. 


3 ADVANCED FUNCTIONS 


3.1 SEARCHING DOCUMENTS FOR KEYWORDS 
If you wish to search for keywords in the background documentation (attachments), the search 
function in the edit menu (or Ctrl +F) won’t do the job, as it only searches in the main 
document.  
You will therefore need to do the search in the attachments pane. If you don’t see the 
attachment pane on the left-hand side:  
Go to View: ->Show/Hide->Navigation Panes->Attachments 
 
 
 
In the attachment pane, click on the search attachment button and type the keywords. This will 


search in all attachments but also in the main document. 


3.2 COMMENTING  
The comment tool will allow you to annotate your pdf and save 
changes. There are different ways to annotate the document 
including sticky notes, highlights, text boxes or even text 
replacement.  
The most convenient way to annotate specific sentences in the 


text is to select the text, right-click ‘Add note to text’ and to 


type the text in the text box in the comment pane. Don’t 
forget to save your commented document. 
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