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Executive Summary

This report reviews the available evidence supporting the use of influenza vaccines in target groups at risk
of developing severe disease (hospitalization and death) and provides proposed updated
recommendations. The target groups addressed are: children <5 years (with a special discussion of those
<2 years and <6 months), the elderly, pregnant women, individuals with high-risk underlying conditions
and healthcare workers. Data reviewed for each target group included disease burden and vaccine
effectiveness, with a particular focus on low and middle-income countries where possible, as well as cost-
effectiveness. The content reflects the key information and publications considered by the SAGE
Working Group on Influenza Vaccines and Immunization.

Findings and Recommendations

Pregnant women are at particularly high risk of severe complications and death from influenza, and the
risk is exacerbated by co-morbidities and later trimester of pregnancy. Inactivated vaccines are safe and
effective in reducing maternal morbidity due to respiratory disease. Infants less than 6 months of age have
the highest rates of influenza-associated hospitalization. Maternal immunization against influenza
prevents negative effects on fetal development due to maternal influenza infection and reduces rates of
illness in infants for at least the first 6 months of life.

Recommendation: Pregnant women should be vaccinated against influenza at any stage of
pregnancy. In countries considering initiating or expanding vaccination programs for
influenza, SAGE recommends pregnant women as the highest priority group for
vaccination. This recommendation is based on compelling evidence of a substantial risk of
severe disease in pregnant women, evidence that vaccine is effective against severe
disease, and the evidence supporting secondary protection of infants under 6 months, in
whom disease burden is also high, as well as operational feasibility.

Healthcare workers (HCWs) have an additional exposure risk for influenza, compared to the general
population. Vaccinating HCWs is safe and effective and may reduce work absenteeism. HCWs can
transmit virus to patients, who are at increased risk of severe disease due to influenza and may respond
less well to vaccine. Vaccination of HCWs is likely to reduce morbidity and/or mortality in patients.
However, vaccination rates of HCWs remain low in many places.

Recommendation: Healthcare workers are an important priority group for influenza
vaccination. Vaccination of the healthcare worker not only protects the individual, but also
maintains healthcare services during influenza epidemics and protects vulnerable patients.

Children have a substantial disease burden associated with influenza with higher rates of clinic visits,
hospitalizations and deaths compared to non-elderly adults. The effectiveness of influenza vaccines
among children varies and vaccine effectiveness (VE) among children <2 is particularly affected by
vaccine match to circulating strain but are generally similar to those in older children during seasons with
a well-matched strain. Inactivated vaccines are the only choice for vaccination programs for children <2
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years old. In children older than 2 years, either inactivated vaccine (IV) or live-attenuated vaccine
(LAIV) is an appropriate choice for vaccination programs. Antibody responses among children with
chronic medical conditions may be decreased compared with children without high-risk medical
conditions.

Recommendations:

Children under 2 years of age are recognized as a priority group for vaccination because
of a high burden of severe disease. Preventing influenza disease in this influenza-naive
population is currently challenging as effective immunization requires two doses and is
highly dependent on vaccine strain match to the circulating strains. Children under 2 years
should be considered as an additional target group for influenza immunization when
sufficient resources are available with due consideration for competing health priorities
and operational feasibility. The future availability of vaccines which can be more effective
at priming, whether adjuvanted or live-attenuated, will further increase the benefits and
potentially reduce the need for two doses of influenza vaccine in this age group.

Children aged 2-5 years of age have a high burden of disease, but less than those younger
than 2 years old. Children in this age group may respond better to vaccination with
trivalent inactivated influenza vaccine than younger children. Live-attenuated influenza
vaccine, when available, provides broader and higher levels of protection in this age

group.

Children less than 6 months of age are not eligible to receive currently licensed influenza
vaccines and should be protected through vaccination of their mothers during pregnancy
and through ensuring vaccination of close contacts to limit transmission to the infant.

For the elderly, influenza is a key contributor to increased mortality. Limited data suggest that influenza-
associated mortality among the elderly in low and middle income countries may be higher than in high
income countries. Inactivated vaccines have been shown to reduce the risk of morbidity and mortality in
the elderly, although effectiveness decreases with increasing age and in those with underlying medical
conditions.

Recommendation: Elderly persons have the highest risk of mortality, and vaccination of
this high risk group has traditionally been a main focus of vaccine policy development.
This continues to be an appropriate target group for vaccination. However, delivering
annual immunization to this group requires considerable ongoing investment, and
increasing evidence demonstrates that available influenza vaccines are less effective in this
population, compared to younger adults.

Individuals with specific underlying health conditions, such as chronic respiratory, cardiac disease,
morbid obesity and compromised immune status, are more likely to develop severe or fatal disease due to
influenza infection than healthy individuals of the same age group. Influenza vaccine effectiveness has
been demonstrated among individuals with underlying health conditions in a number of settings.
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Recommendation: Persons with specific chronic diseases are at high risk for severe
influenza illness. These groups have often been targeted for influenza vaccination, and
continue to be an appropriate target group for vaccination. However, identification of
these individuals in many settings is often challenging and requires considerable ongoing
effort and investment.

Target Group Prioritization and vaccine coverage goals

Although influenza immunization programs have traditionally targeted priority groups as outlined in the
current WHO position paper on influenza immunization, accumulated evidence on disease burden,
vaccine performance, and new vaccine developments have highlighted the need for both an updated
global prioritization and the development of country-specific influenza vaccination policy and target
group prioritization schemes. The following criteria are suggested for countries to consider in prioritizing
target groups for vaccination:

* Contribution of risk group to the overall influenza disease burden in population

* Disease severity within individual risk group

* Vaccine effectiveness

* Feasibility of delivery

* Indirect effects of vaccination

* Cost-effectiveness

* Opportunity cost

* Existing recommendations and programs for use of influenza vaccine locally

Coverage goals are also essential elements of country-specific influenza vaccination program
development. In order to accurately measure progress toward coverage goals, vaccination programs
require integration with surveillance or monitoring systems that can evaluate vaccination levels in target
groups, and show the impact of vaccination on influenza-associated morbidity and mortality.

Additional Considerations

Influenza surveillance programs

Country-specific information about risk groups and disease burden is essential to aid policy makers and
health program planners in making informed decisions about target groups for vaccination and
appropriate timing of vaccination. Influenza surveillance platforms are also critical for monitoring the
impact of vaccine introduction.

Revaccination

In determining whether to revaccinate individuals during years where vaccine strains have not changed,
vaccine immunogenicity and antibody decay following immunization are important factors to be
considered. Repeated vaccination will boost protective immune response especially among high-risk
groups who may response poorly to vaccination. Therefore annual vaccination (or re-vaccination if no
change in vaccine strains) is recommended, particularly for high risk groups.

Quadrivalent influenza vaccines (QIV)
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The WHO Global Influenza Surveillance and Response System (GISRS), which provides vaccine strains
recommendation covering two influenza A viruses (HIN1 and H3N2) and an influenza B virus, had also
recommended further research on inclusion of a fourth strain (another influenza B virus of different

linage). Further research and clinical evaluation of QIV is encouraged.

Cost effectiveness
Limited data are available on cost-effectiveness of influenza vaccination within each targeted population,

and methodological variations between existing studies make direct comparisons difficult. However the

majority of economic studies had found that vaccination is cost-effective.
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I.

Context

In 2010, the WHO Strategic Advisory Group of Experts on immunization (SAGE) requested the
establishment of the Working Group on Influenza Vaccines and Immunization (WGIVI) with the primary
objective to prepare for a SAGE evidence-based review and updating of WHO recommendations on the
use of seasonal influenza vaccine (e.g. priority target groups) with a particular focus on low and middle-
income countries (LMIC) and with a view to update the 2005 WHO influenza vaccine position paper. The
activities of the WGIVI build on the work of the SAGE H5N1 Working Group and the SAGE HIN1
Working Group and relate to issues of seasonal and pandemic influenza vaccines.

To facilitate the development of a work plan for the WGIVI to achieve its objectives, a conceptual matrix
was built to outline key issues on seasonal influenza vaccines that are associated with targeted
populations (Table 1). The WGIVI had regular face-to-face meetings since its establishment and such
meetings were supplemented with teleconferences to discuss outstanding issues.

This background document outlines the evidence gathered and reviewed by the WGIVI in support of
recommendations to SAGE on updating the WHO position paper on influenza vaccine. The information
provided in this document reflects the important information and publications reviewed with support from
various systematic reviews performed for specific topics (see below). When reviewing evidence on
vaccine efficacy the WGIVI relied, where possible, on studies with laboratory confirmed influenza as an
endpoint. Studies reporting efficacy against influenza like illness (ILI) or other acute respiratory infection
(ARI) are difficult to compare, as the proportion of ILI or ARI attributable to influenza infection will vary
between populations and at different time periods in the same population. As data on the effect of
comorbidities on outcome of seasonal influenza was incomplete for LMICs, the WG took the view that
extrapolation of risk factor data from developed countries was appropriate. Inmunogenicity data was also
used as necessary as an adjunct to efficacy data.

The following systematic reviews of literature were assessed:

1. The efficacy and effectiveness of seasonal and pandemic (HIN1) 2009 influenza vaccines in low and
middle income countries: a systematic review and meta-analysis. Performed by Department of
Methodology and Applied Biostatistics, Faculty of Earth and Life Sciences, VU University
Amsterdam, The Netherlands.

2. A systematic review of economic evaluations of seasonal and pandemic (HIN1) 2009 influenza
vaccines in low and middle income countries. Performed by Department of Methodology and
Applied Biostatistics, Faculty of Earth and Life Sciences, VU University Amsterdam, The
Netherlands.

3. The effectiveness of vaccination of healthcare workers for the protection of patients at higher risk of
acute respiratory disease: a systematic review. Performed by Health Protection Research Group,
Division of Epidemiology and Public Health, School of Community Health Sciences, University of
Nottingham, UK.

4. Nair, H., et al., Global burden of respiratory infections due to seasonal influenza in young children: a
systematic review and meta-analysis. Lancet, 2011. 378(9807): p. 1917-30. [1]

5. Jefferson, T., et al., Vaccines for preventing influenza in healthy children. Cochrane Database of
Systematic Reviews, 2008(2): p. CD004879. [2]

6. Osterholm, M.T., et al., Efficacy and effectiveness of influenza vaccines: a systematic review and
meta-analysis. The Lancet Infectious Diseases, 2012. 12(1): p. 36-44. [3]

7. Jefferson, T., et al., Vaccines for preventing influenza in the elderly. Cochrane Database of
Systematic Reviews, 2010(2): p. CD004876. [4]
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Rivetti, D., et al., Vaccines for preventing influenza in the elderly. Cochrane Database of Systematic
Reviews, 2006. 3: p. CD004876. [5]

Mosby, L.G., S.A. Rasmussen, and D.J. Jamieson, 2009 pandemic influenza A (HIN1) in pregnancy:
a systematic review of the literature. American Journal of Obstetrics and Gynecology, 2011. 205(1):
p. 10-8. [6]

Ortiz, J.R., J.A. Englund, and K.M. Neuzil, Influenza vaccine for pregnant women in resource-
constrained countries: a review of the evidence to inform policy decisions. Vaccine, 2011. 29(27): p.
4439-52. [7]

Lin, J.C. and K.L. Nichol, Excess mortality due to pneumonia or influenza during influenza seasons
among persons with acquired immunodeficiency syndrome. Archives of Internal Medicine, 2001.
161(3): p. 441-6. [8]

Cates, C.J., T.O. Jefferson, and B.H. Rowe, Vaccines for preventing influenza in people with asthma.
Cochrane Database of Systematic Reviews, 2008(2): p. CD000364. [9]

Keller, T., et al., Influenza vaccines for preventing coronary heart disease. Cochrane Database of
Systematic Reviews, 2008(3): p. CD005050. [10]

Michiels, B., et al., A systematic review of the evidence on the effectiveness and risks of inactivated
influenza vaccines in different target groups. Vaccine, 2011. 29(49): p. 9159-70. [11]

Anema, A., et al., Efficacy of influenza vaccination in HIV-positive patients: a systematic review
and meta-analysis. HIV Medicine, 2008. 9(1): p. 57-61. [12]

Atashili, J., L. Kalilani, and A.A. Adimora, Efficacy and clinical effectiveness of influenza vaccines
in HIV-infected individuals: a meta-analysis. BMC Infectious Diseases, 2006. 6: p. 138. [13]

Kuster, S.P., et al., Incidence of influenza in healthy adults and healthcare workers: a systematic
review and meta-analysis. PLoS One, 2011. 6(10): p. €26239. [14]

Jefferson, T.O., et al., Vaccines for preventing influenza in healthy adults. Cochrane Database of
Systematic Reviews, 2007(2): p. CD001269. [15]

Ng, AN. and C.K. Lai, Effectiveness of seasonal influenza vaccination in healthcare workers: a
systematic review. Journal of Hospital Infection, 2011. 79(4): p. 279-86. [16]

Burls, A., et al., Vaccinating healthcare workers against influenza to protect the vulnerable--is it a
good use of healthcare resources? A systematic review of the evidence and an economic evaluation.
Vaccine, 2006. 24(19): p. 4212-21. [17]

Hollmeyer, H.G., et al., Influenza vaccination of health care workers in hospitals--a review of studies
on attitudes and predictors. Vaccine, 2009. 27(30): p. 3935-44. [18]

Postma, M.J., et al.,, Further evidence for favorable cost-effectiveness of elderly influenza
vaccination. Expert Review of Pharmacoeconomics and Outcomes Research, 2006. 6(2): p. 215-27.
[19]

Mullooly, J.P., et al., Influenza vaccination programs for elderly persons: cost-effectiveness in a
health maintenance organization. Annals of Internal Medicine, 1994. 121(12): p. 947-52. [20]
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Table 1. Conceptual matrix of necessary information for SAGE WGIVI

Target Populations

Key Issue

Children
(<5 years)
(<2 years)

Elderly

Pregnant
Women

Other
High-risk
Groups

Healthcare
Workers

Burden of Disease

Vaccine performance

(efficacy, effectiveness,
safety and impact)

Cost-effectiveness

Operational issues

For each category of work, the following information was gathered:

e  What data exist?

e What data are needed?

*  What are the gaps?

* What infrastructure or technology could address these issues in the future?
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II.

Target Populations

1. Pregnant women

Key Points: Pregnant Women

*  Pregnant women are at particularly high risk of severe complications and death from
influenza; this risk is exacerbated by the presence of co-morbidities and later trimester of
pregnancy.

* Inactivated vaccines are effective in reducing maternal morbidity due to respiratory disease.

* Inactivated vaccines had been shown to be safe in pregnant women and their offspring when
given at any trimester.

* Infection of pregnant women leads to complications in the fetus, such as stillbirth, infant
death, preterm delivery, decreased birth weight and emergency caesarean delivery.

* Infants <6 months of age have the highest rates of influenza-associated hospitalizations of
any age groups. Maternal immunization against influenza is likely to prevent negative effects
on fetal development due to maternal influenza infection and reduces rates of illness in
infants for up to 6 months of life.

Disease burden

Influenza is responsible for substantial morbidity and mortality in pregnant women. In the US, half of
hospitalizations for healthy pregnant women in their third trimester during the influenza season have been
attributed to seasonal influenza viruses.[21] Risk of hospitalization is even higher in women with other
risk factors; among pregnant women with asthma, it has been estimated as ten-fold higher than among
pregnant women with no other risk factors (odds ratio of 10.63).[22] Additional analyses of mortality data
among pregnant women in the US from 1998-2005 documented excess mortality due to seasonal
influenza particularly in the 3rd trimester.[23]

During the 2009 pandemic, pregnant women were documented as an important risk group for severe
disease across the globe. In Canada, pregnant women accounted for 3% of community cases, but
comprised 20% of hospitalized cases and 12% of intensive care unit (ICU) cases.[24] Similar trends in
rates of hospitalization and ICU admission of influenza infected pregnant women were seen in Australia
and New Zealand, where a study of 722 ICU patients reported pregnancy accounts for 9.1% of cases, as
compared to the proportion of pregnancy (1%) of the overall population.[25] Additional data from the US
and Australia found hospitalization rates among pregnant women infected with influenza to be high
compared to the general population (Risk ratio 4.3; 95% CI: 2.3-7.8)[26] and to women of child-bearing
age.[27] In the US, 13% of total influenza A(HIN1)pdm deaths reported from April to June 2009
occurred in pregnant women.[26] In South Africa, pregnancy was the second most frequent risk factor
among fatalities.[28] A global review of pandemic influenza virus infection in high risk groups found the
unadjusted relative risk of hospitalization among pregnant women, compared to women of childbearing
age in the general population, ranged from 3.5 in Germany to 25.3 in France (median: 6.8, n=10
countries).[29] The unadjusted relative risk of death, while elevated in pregnant women as compared to
non-pregnant women in more than half of the studied countries, was generally lower than that for
hospitalization, with a median of 1.9 (n=11 countries), with a relative risk of one in four
countries/territories (Japan, the Netherlands, Singapore and Hong Kong SAR ).

Pregnancy alone is a risk factor for severe disease. During the 2009 HIN1 pandemic, pregnant women
without other “high risk” co-morbidities were approximately twice as likely to be hospitalized for
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influenza infection as compared to non-pregnant women (71% vs. 32%).[30] The risk for pregnant
women for severe infection is exacerbated by the presence of co-morbid conditions. An extensive review
of the global literature on influenza A(HIN1)pdm infection among pregnant women estimated that 30.3%
of hospitalized pregnant women had either additional identified risk factors for severe disease or
unspecified co-morbidities.[6] The most common additional risk factor reported was asthma, followed by
diabetes mellitus of any type. Obesity was also commonly reported.

The negative effects of maternal influenza virus infection on fetal health are primarily due to
complications, such as stillbirth, infant death, preterm delivery and emergency caesarean delivery, rather
than viral infection of the fetus.[31-34] During the 2009 pandemic, few infants of infected mothers had
evidence of infection with influenza A(HIN1)pdm virus. However, a large number of neonates required
neonatal ICU admission and extended hospital stays were primarily due to their preterm birth. Delivery
complications also resulted in neonatal morbidity and mortality.[6] Severe neonatal outcomes (ICU
admission or death) resulted from 83.3% of severe maternal infections, as opposed to 12.5% among
mothers with moderate illness.[30] The primary impacts on neonates from severe maternal infection with
seasonal or pandemic influenza virus are preterm birth, low birth weight, and decreased weight for
gestational age.[6, 35, 36]

Vaccine performance

Immunization with trivalent inactivated influenza vaccine (TIV) is shown to generate a robust immune
response in pregnant women, similar to non-pregnant healthy young adults. Immunogenicity analyses in
the US and Bangladesh have found significantly higher geometric mean titer (GMT) of antibodies against
influenza vaccine strains [37] and higher proportions of individuals with serological protective titers for
all vaccine strains [38] among pregnant vaccine recipients. Earlier analyses conducted comparing
antibody responses among pregnant versus non-pregnant women in the US found no significant
differences, indicating that pregnant women do not respond differently to vaccine from non-pregnant
women.[39-41] Studies from the US, UK, and Bangladesh looking at serological protective antibody
titers in cord blood and infant sera show significantly higher proportion of serological protection among
vaccinated versus unvaccinated mothers.[38, 41, 42] These levels of protective antibody wane over time
among infants of vaccinated mothers, with titers (defined in the US study as >=1:20) decreasing from
7/18 infants at 3 months of age to 1/7 infants at 6 months.[41] However, data from a study of MF-59
adjuvanted vaccine in Italy found that the elevated infant antibody titers observed at birth did not decrease
at 2 months or 5 months of follow up.[43]

The available data suggest that TIV is effective in reducing maternal morbidity due to respiratory disease,
although there are gaps in the data on laboratory-confirmed influenza outcomes among vaccinated
pregnant women. A recent systematic review of maternal immunization found that none of published
studies compared the risk of laboratory-confirmed influenza among immunized versus non-immunized
women.[7] Results from the studies were mixed; a retrospective cohort study from the US from 1997-
2002 did not find a decreased risk of ILI visits, [44] while a similar study from 1962-1963 found a
decrease in the number of episodes of febrile upper respiratory tract infection among women receiving
vaccine.[45] Outside of the US, the Mother’s Gift Trial in Bangladesh (2004-2005), a prospective
randomized control trial (RCT) of TIV, showed an overall 36% reduction of maternal febrile respiratory
illness.[46]

Maternal infection with influenza virus may negatively impact fetal development, [35, 36, 39] an effect
which can be prevented by vaccination. Data from the 2004-2005 Bangladesh trial found maternal
immunization during pregnancy to be associated with a lower proportion of infants who were small for
gestational age and an increase in mean birth weight.[47] An analysis of birth weight data among
newborns born to mothers vaccinated with TIV or pneumococcal polysaccharide vaccine during periods
of high and low influenza virus circulation found that vaccination with TIV was associated with a 200

10
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gram increase in birth weight for neonates who were in utero during periods of peak influenza virus
circulation. These data suggest that maternal influenza virus infection may lead to decreased fetal growth.

Maternal immunization with TIV reduces laboratory-confirmed influenza infection in neonates. Recent
data on the neonatal effects of immunization from the US and Bangladesh showed TIV vaccine
effectiveness ranged from 36%-92%, depending on the infant outcome studied.[7] The Bangladesh study
followed infants for 24 weeks after delivery and estimated the vaccine’s effectiveness (VE) against
respiratory illness with fever at 36% in this population, with a VE of 69% against laboratory-confirmed
influenza.[46] In a multi-site study in the US from 2002-2009, infants of vaccinated mothers were 45-
48% less likely to have laboratory-confirmed influenza hospitalization than infants of unvaccinated
mothers.[48] A maternal immunization study in Apache and Navajo populations from 2002-2005
estimated a VE of 41% against laboratory-confirmed influenza in infants, [49] while a case control study
of US infants with laboratory-confirmed influenza found an effectiveness of 92% against influenza-
associated hospitalization in the first 6 months of life.[50]

The American College of Obstetricians and Gynecologists recommends that TIV be considered an
essential element of prenatal care, based on the increased risk of serious influenza illness facing pregnant
women and notes no study to date has shown an adverse consequence of inactivated influenza vaccine in
pregnant women or their offspring.[51]

Vaccine safety

Safety evaluations of influenza vaccine in pregnancy dated back to the late 1950’s. Early prospective
cohort studies from the US found no significant increase in adverse outcomes of vaccination in mothers
or infants.[45, 52, 53] RCTs from the US and Bangladesh analyzing the effects of vaccine in all trimesters
as compared to unvaccinated pregnant women, influenza-vaccinated non-pregnant women, and pregnant
women vaccinated with tetanus toxoid found no significant adverse reactions, and no fetal, perinatal, or
infant complications among offspring of vaccinated women.[37, 40, 41, 46] Post-marketing surveillance
of 2009 Influenza A(HIN1)pdm vaccine has been carried out in the US, Europe, and South Korea,
including non-adjuvanted TIV (US, S. Korea) and ASO3- and MF59-adjuvanted vaccines (Europe). To
date, these vaccines have demonstrated a safety profile comparable to seasonal influenza vaccine in non-
pregnant adults, with only mild self-limited reactogenicity and no evidence of teratogenicity or impact on
pregnancy outcomes.[54-59] Likewise, retrospective studies of seasonal TIV from the US found no
severe adverse events within 42 days of vaccination or any differences in pregnancy outcomes or infant
health status.[44, 60, 61]

Special considerations

Experience with pandemic influenza vaccine indicates an increased acceptability of vaccine in pregnant
women. Efforts are needed to improve awareness of influenza vaccine and its safety profile to women and
their medical providers. Surveys of pregnant women in North America showed moderate rates of
influenza A(HIN1)pdm vaccine coverage that represented an increase from previous years’ seasonal
influenza vaccine coverage.[62, 63] However, among those women not receiving either seasonal or
pandemic vaccine, safety concerns and lack of knowledge of the vaccine were frequently cited as reasons
for not receiving the vaccine.[62, 64] Questions regarding attitudes toward vaccination identify medical
providers as the primary and most trusted information source for influenza and vaccination. Lack of
provider recommendation was a key barrier to immunization, [65] while 87% of women report they
would accept influenza vaccine if recommended by their attending medical provider.[66] One additional
possibility for influenza immunization programs for pregnant women is the integration of influenza
vaccination with existing maternal-child health initiatives, such as tetanus toxoid vaccination.

For future research
* Duration of protection from influenza infection for infants conferred by maternal immunization

11
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» Safety and effectiveness of adjuvanted IV and LAIV among pregnant women
* Optimal timing of vaccination relative to virus circulation and trimester of pregnancy

Recommendation: Pregnant Women

* Pregnant women should be vaccinated against influenza at any stage of pregnancy.
In countries considering initiating or expanding vaccination programs for
influenza, SAGE recommends pregnant women as the highest priority group for
vaccination.

* This recommendation is based on compelling evidence of a substantial risk of
severe disease in pregnant women, evidence that vaccine is effective against severe
disease, and the evidence supporting secondary protection of infants under 6
months, in whom disease burden is also high, as well as operational feasibility.

12
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2. Healthcare Workers

Key Points: Healthcare Workers

* Healthcare workers (HCWs) have an additional exposure risk for influenza, compared to the
general population.

* Vaccinating HCWs is safe and effective in reducing their own risk of developing disease and may
also reduce work absenteeism.

* HCWs can transmit virus to patients, who are at increased risk of severe disease due to influenza
and may respond less well to vaccine.

* Vaccination of HCWs should reduce morbidity and/or mortality in patients.

* Vaccination rates of HCWs remain low in many places.

Disease burden

Healthcare workers are at increased risk of infection with influenza compared to the general adult
population. A 2011 systematic review of the incidence of influenza in healthy adults and healthcare
workers [14] calculated a pooled annual incidence of infection of 18.7 per 100 HCW per season in
unvaccinated HCWs and 6.5 per 100 HCW per season in vaccinated HCWs. These estimates were
significantly higher than the incidence rates in adults working in non-healthcare settings. A review of
influenza attack rates among HCW populations found that attack rates can reach up to 59% during an
outbreak.[67] Further, risk of infection is not evenly distributed to all HCWs; those in emergency
departments and other clinical settings have been shown to have significantly higher attack rates as
compared to those in other hospital locations.[68] Nurses have also been found to have increased risk of
infection, as compared to other healthcare professionals.[69]

Healthcare workers frequently come to work despite being sick, which can result in nosocomial
transmission of influenza and other viruses to patients. A survey of nursing personnel and physicians in
California found that 35.3% of HCWs developed influenza-like illness during the influenza season, and
76.6% of them cared for patients while ill.[70] Further, a survey of Glasgow HCWs found serological
evidence of infection among 23% of HCWs during the 1993-1994 influenza season, with 28-59% of these
cases not associated with a self-reported influenza-like illness.[71] These findings suggest subclinical
infection in HCWs could spread influenza virus within a healthcare facility.

Transmission of influenza virus between HCWs has been documented. Reports of HCW infection with
influenza A(HIN1)pdm virus indicate that 14% likely acquired infection from another HCW.[72] An
investigation of an outbreak of influenza A (HIN1)pdm in a Chicago hospital found that 13/20 (65%)
HCWs with laboratory confirmed infection were healthcare-associated.[73] The majority of these cases
were attributed to transmission between staff, many of whom reported working for 1 or more days after
illness onset. However, other studies suggest that risk of infection with seasonal influenza viruses among
HCWs is higher from household than occupational exposures. A prospective study from Berlin found that
HCWs were not at increased risk of serologically-confirmed influenza virus infection, compared to non-
healthcare workers, although living with children resulted in significantly increased risk of infection.[74]

There is also evidence of transmission of influenza viruses from healthcare workers to patients.
Transmission of influenza virus from HCWs to patients was cited as a principal source of infection for
patients in a review of nosocomial influenza infection.[67] This is particularly important for patients that
are at increased risk of severe infection, including those that do not produce a sufficient immune response
to influenza vaccination (e.g., infants, the elderly, and those with immunosuppressive conditions). Among
infants, a study in a neonatal intensive care unit (NICU) with low influenza vaccine coverage among staff
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(15%) found that 19 NICU infants were infected with influenza A, including 6 symptomatic cases and 1
death.[75] A nosocomial outbreak of influenza A(HIN1)pdm in a pediatric oncology ward in Italy also
linked transmission to HCWs.[76] In the elderly, a prospective survey of an institutionalized population
identified an outbreak of influenza A(H3N2) with symptomatic attack rate of 45.5% among the elderly
population despite a 97% vaccination coverage. The attack rate among HCWs, who were mainly
unvaccinated, was 47.5%, suggesting that they played a role in transmission.[77]

Vaccine performance

A recent meta-analysis found that efficacy of TIV in adults aged 18-65 was shown in 8 of the 12 seasons
analyzed in ten RCTs, with a pooled efficacy of 59%.[3] A previous meta-analysis of 38 VE studies in
adults that included findings by vaccine match to circulating strains indicated a point estimate of 80%
efficacy for TIV during well-matched years and 50% efficacy during years with poor match.[15] This
review estimated an overall efficacy of 62% for LAIV, with less evidence of a difference in vaccine
performance between vaccine-matched and non-matched years.

Absenteeism of HCWs due to influenza (either as a direct result of infection of the HCW, or as a result of
caregiving for an infected household member) can have negative effects on patient health. The effect of
staff shortages can be seen on patient health outcomes, particularly in the ICU, where fewer nurses per
patient can result in increased mortality.[78] Studies specifically looking at populations of healthcare
workers have also found evidence of vaccine effectiveness, as well as a possible decrease in absenteeism
among vaccine recipients. A 3-year RCT of TIV in young healthy HCWs in Baltimore, using
serologically confirmed influenza infection as an outcome measure, estimated a VE of 88% for influenza
A and 89% for influenza B.[79] This study did not identify a significant difference in absenteeism among
vaccinated versus unvaccinated HCPs. However, a study in Europe on the impact of vaccination in HCWs
with TIV found a small but significant decrease in the number of days of work lost due to respiratory
infections over a single winter season (1.0 days among vaccinated vs. 1.4 days among unvaccinated, p =
0.02).[80] An observer-blinded observational study in Singapore found a significant difference in
influenza-like illness rates between vaccinated and unvaccinated HCWs when data were stratified by
vaccine match to circulating virus.[81] A systematic review of seasonal influenza vaccination in HCWs
was recently conducted, which identified only 3 randomized controlled trials, noting a lack of strong
evidence for effectiveness of vaccination to prevent disease in HCWs, and suggested that programs
highlight the role of vaccination in reducing disease among patients, rather than the providers themselves.
[16]

Limited evidence suggests that vaccinating healthcare workers reduces morbidity and/or mortality in
patients. Studies exploring the effect of HCW vaccination on the number of ILI outbreaks among US,
UK, and Japanese long-term care facility patient populations have indicated a protective effect of HCW
vaccination.[82-85] Studies evaluating the effect of HCW vaccination on inpatient mortality (including
all-cause, respiratory, laboratory-confirmed influenza mortality) consistently found a decrease in total
mortality among patients in facilities where HCWs received influenza vaccine.[83, 86-88] A Cochrane
meta-analysis of the effect of HCW vaccination on health outcomes in elderly patients found significant
protective effects against pneumonia mortality and all-cause mortality rates. This review’s pooled
estimates for VE of HCWs against laboratory-confirmed influenza or lower respiratory tract infections in
patients were in the direction of a protective effect, but were not significant due to the limited amount of
data available.[89]

Two modeling studies suggest that, in both acute and long term care settings, HCW vaccination coverage
levels are directly correlated with patient protection against influenza infection.[90, 91] These models
simulated virus transmission in a 30-bed facility with different levels of HCW vaccine uptake, examining
the resulting attack rates among patients, did not detect a herd immunity threshold.
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Vaccine safety

Influenza vaccines are safe and effective in healthy working adults, including healthcare workers. [11, 92-
94]

Special considerations

Vaccination coverage among HCWs remains low, despite the relative accessibility of this target
population, as well as a number of efforts to increase coverage (recommendations from major health care
organizations, educational campaigns, free and easily available vaccines).[17, 95-99] A systematic review
of HCW attitudes toward influenza vaccine identified two critical reasons for lack of vaccine uptake.
These were: misconceptions/lack of knowledge (about influenza virus infection, its risks for patients,
vaccine safety and effectiveness); and lack of convenient access to vaccine.[18] The review also found
that self-protection was the most important reason provided by HCWs for accepting influenza
vaccination.

Mandatory vaccination programs, requiring that all individuals employed by a specific healthcare
provider receive influenza vaccination as a criterion for employment, are utilized by some employers and
are effective in increasing HCW vaccination coverage. During the 2010-11 influenza season, vaccination
coverage was 98.1% for US medical centers that mandated influenza vaccination, compared to 58.3% for
those that did not.[100] For facilities using mandates, exemptions for medical or religious reasons were
possible and very few employees were terminated or left (< 0.2%). However, mandatory vaccination of
HCWs remains controversial; there are multiple publications that discuss ethical issues regarding the use
of mandates, with most reviews in favor of their use.[101-103]

For future research
* Impact of HCW vaccination in different settings
* Vaccine efficacy of aTIV and LAIV in HCW populations

Recommendation: Healthcare Workers

* Healthcare workers are an important priority group for influenza vaccination.
Vaccination of the healthcare worker not only protects the individual, but also
maintains healthcare services during influenza epidemics and protects vulnerable
patients.
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3. Children

Key Points: Children <5, with special consideration for children <2

* The disease burden associated with influenza is substantial in children, with higher rates of
infection and illness as compared to adults. Compared with non-elderly adults, children have
higher rates of clinic visits, hospitalizations and deaths. The highest rates of severe disease are
in children <2 years.

* The effectiveness of influenza vaccines among children varies from year to year as the result of
changes in circulating viruses; with effectiveness among children <2 particularly affected by
vaccine match to circulating strains. VE estimates are generally similar to those in older
children during seasons with well-matched vaccine strains.

* In children older than 2 years, either TIV or live-attenuated influenza vaccine (LAIV) is an
appropriate choice for vaccination programs. Data indicate that LAIV may be more effective
than TIV in healthy preschool and school-aged children, but there is currently limited
availability of LAIVs.

* Inactivated vaccines are the current choice for vaccination programs that will target children < 2
years, because other vaccine approaches are not currently available in this age group.

* Limited data indicated that adjuvanted vaccines are likely safe and effective in this age group.
However, these vaccines are not yet available for this age group.

* Children < 9 years of age who had not previously received influenza vaccine require two doses
of vaccine to help to ensure that they generate a protective immune response. Some data
suggest that a single dose of LAIV may provide sufficient protection in this immunologically
naive population.

* Antibody responses among children with chronic medical conditions may be decreased
compared with children without chronic medical conditions.

Disease burden

The global disease burden associated with influenza in children <5 years of age is substantial. A recent
meta-analysis concluded that, in 2008, 90 million cases of influenza occurred among children < 5 years.
[1] These infections resulted in 20 million cases of acute lower respiratory illness (ALRI), one million
cases of severe ALRI and 28,000-111,500 deaths. The authors estimated that 7% of all severe pediatric
ALRI was due to influenza and that 99% of these severe outcomes and deaths occurred in developing
countries. Finally, with very limited data, the case-fatality proportion associated with influenza in
developing countries was as much as 15 times higher in developing countries compared with developed
countries.

Children generally have higher rates of infection and illness compared with adults. Illness rates are
highest among pre-school and school-aged children, likely due to their relative lack of pre-existing
immunity to circulating influenza viruses and their propensity for being in crowded settings, such as
schools or daycares, where viral transmission is facilitated.[104] Data from serologic surveys have
demonstrated that 15-45% of children are infected with an influenza virus each year, [105] and by the age
of 6, most children have been infected with influenza viruses at least once.[106] Children infected with
influenza will shed higher titers of virus during their illness and shed virus for longer periods of time
compared with adults. [107, 108] This finding, together with high rates of illness, suggests children are
critical source in the transmission of influenza in communities and households, and sustain annual
epidemics.[104, 109-112]
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Influenza has been demonstrated to be an important cause of medical visits and hospitalizations in
children. In the US and Europe, 10-15% of children seek medical care for influenza-associated disease
each year.[104, 113-118] While data are more limited in tropical countries, influenza has been
demonstrated to be an important cause of clinic visits in these settings as well.[119-121] In a large
population-based study in Thailand, 1.4% of children had clinic visits for influenza-associated illness in
the study year, and children < 14 years of age accounted for 80% of all influenza-associated clinic visits.
[121]

Influenza among school-aged children can lead to high rates of school absenteeism and lost days of work
among parents. In one US study, for every 100 children followed during an influenza season, 28 illnesses
among the children resulted in 68 missed school days, 20 work days missed by parents and 22 secondary
illness among household members.[112] In Thailand, influenza-associated illnesses were estimated to
account for 1,701,450 missed days of school annually among children <14 years of age.[121]

Etiologic studies of pediatric hospitalizations for acute lower respiratory tract infections have identified
influenza to be associated with 2-23% of admissions, with most large studies identifying influenza virus
in 5-10% of hospitalized children in both developed and developing countries.[122-140] Rates of
influenza-associated hospitalizations are primarily available from developed countries, where
approximately 1-3 hospitalizations per 1000 child-years have been observed.[113, 114, 117, 141-145]
Influenza-associated hospitalization rates are higher among children with cardiac and pulmonary
conditions than among healthy children.[143, 145]

Deaths from influenza among children < 18 years old in developed countries are rare. In the United
States, mortality due to influenza in children ranges from 45-268/year from 2004-2010, with 153 deaths
in 2003-4, and 115 deaths in 2010.[146] While children with underlying diseases are more likely to die
than those without underlying diseases, most deaths in the US occurred among children with no risk
factors due to the low prevalence of risk factors among young children in this population.

Children under 5 years of age are at particularly high risk of severe disease. Rates of hospitalization [114,
141, 143] among pre-school aged children are comparable to those observed for persons 50-64 years of
age.[147] Children <2 years are at even higher risk. In one study, hospitalization rates among children < 6
months of age were 240 per 100,000 children, while rates among children 2 to 5 years of age were 20 per
100,000 children. Among infants < 6 months of age, estimated rate of 9-104 hospitalizations occur per
10,000 children. [114, 148-150]

Vaccine performance

Inactivated influenza vaccines

As in other groups, the effectiveness of influenza vaccines among children varies by season, but estimates
are generally similar to those among adults. Two meta-analyses on VE of TIV, [2, 151] including both
RCTs and observational studies, found pooled VE estimates of 65% (45-77%) in children 6 months - 16
years of age [151] and 59% (41-71%) in children <18 years.[2] RCTs conducted in children during years
when the vaccine strains are well-matched to circulating strains have generally found the vaccines to
confer significant efficacy.[152-156] However, like in other populations, in settings where the vaccine is
less matched against circulating strains or where low rates of influenza infection are observed, decreased
or non-significant estimates of VE have been measured.[153, 156, 157] Several observational studies of
TIV VE among children less than 5 years of age have found a VE of 60-85% in seasons where vaccine
strains are well-matched to circulating strains, but a VE of 0-60% when vaccines are poorly matched to
circulating strains.[158-164] In addition to the direct protection of children conferred by influenza
immunization, limited data indicate that protection of unvaccinated household [165, 166] and community
contacts [154] may be conferred by immunization of children.
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Young children who have not previously received influenza vaccine require two doses of vaccine to
generate a protective immune response.[167-169] Observational studies have demonstrated that children
who had not previously received vaccine and who received only one dose of vaccine had no statistically
significant protection while children who received two doses had significant protection.[159, 163, 170,
171] As a result of these data, all children aged 6 months to 8 years who are being vaccinated for the first
time should receive 2 vaccine doses separated by >4 weeks. Once a child has been primed, either with
vaccine or natural infection, a single dose of vaccine should elicit protective antibodies.

Antibody responses among children with high-risk medical conditions may be decreased compared with
children without high-risk medical conditions.[172] No RCTs of influenza VE have been conducted in
children with chronic diseases or immunosuppression, as these children have long been recommended to
receive vaccine due to the high risk of severe disease. In one nonrandomized controlled trial of vaccine
among pediatric asthma clinic patients in Japan, effectiveness estimates were 67.5% against laboratory-
confirmed influenza A infection and 43.7% against laboratory-confirmed influenza B infection.[173]
Antibody responses among children with asthma are similar to those of healthy children, and are not
significantly different during asthma exacerbations requiring short-term prednisone treatment.[174]

Live attenuated influenza vaccines (LAIV)

Randomized, placebo controlled trials of LAIV in children have uniformly demonstrated significant
effectiveness against laboratory-confirmed outcomes. Two meta-analyses, using RCTs, found pooled VEs
of LAIV against laboratory-confirmed influenza of 80% (53-91%) and 82% (71-89%).[2, 151] Individual
RCTs of LAIVs have found VEs of 51% - 96%.[152, 155, 175-180] While Negri, et al. [151] found no
significant differences in effectiveness of LAIV and TIV in children, other reviews have concluded that
vaccination with LAIV results in superior effectiveness compared with TIVs.[2, 3, 181] In addition, some
trials have indicated that a single dose of LAIV is as effective as 2 doses in naive children, [176, 177] and
that LAIV may be more effective than TIV against antigenically drifted strains.[182, 183] LAIV has also
been found to provide indirect protection to children <12 years when delivered through school-based
clinics.[184]

Adjuvanted vaccines

Although data on adjuvanted vaccines are limited, results from a recent study indicate that such vaccines
may also provide improved protection in children compared with TIV. A large-scale study of European
children aged 6 to 72 months compared adjuvanted TIV containing MF-59 (a proprietary oil-in-water
adjuvant) (aTIV) to unadjuvanted TIV and placebo.[156] This study found an efficacy of 79% in children
6 to 36 months of age and 92% in children 36-72 months of age with aTIV, approximately twice as
efficacious as unadjuvanted TIV in these populations, in which TIV had a VE of 40% and 45%,
respectively. This study also found that antibody responses to aTIV were higher than those to TIV.

Vaccine effectiveness in children younger than 2 years

Inactivated vaccines are the best choice at the present time for protecting children <2 years, but their
effectiveness is lower in this age group than among older children. Only two RCTs of TIV have enrolled
children <2 years of age and included a virologically confirmed influenza outcome.[153, 180] Hoberman
et al.[153] found that an overall efficacy against influenza culture-confirmed febrile illness of 66% [34-
82%] during the first year when illness rates among study participants were high, but no significant
protection during the second study year when illness rates were low. Vesikari et al. [180] found no
significant protection from PCR-confirmed illness with TIV among children <24 months of age,
compared with 45% VE measured in children 36-71 months of age enrolled in the same study. Similar
trends of decreasing VE by age were observed in other studies.[155, 185]
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While data from observational trials demonstrate that TIVs can be effective in this age group, the level of
effectiveness is clearly related to how closely vaccines are matched against circulating strains.[158, 159,
161-164, 170, 171, 186] In effectiveness studies where vaccine strains were antigenically similar to
circulating strains, effectiveness was generally high among even the youngest infants.[158, 161, 162, 186]
However, when a sub-optimal match was present, effectiveness was relatively low or not significant.
[158, 159, 163, 164]

While RCTs of LAIV mostly have also demonstrated significant efficacy in children aged 2 to 5 years of
age, few data are available on efficacy in the <2 years old children. One study of LAIV in children 6-35
months found an efficacy of 84-85%.[180] However, live vaccines are not licensed for children <2 years
due to concerns about adverse events.

Adjuvanted vaccines have shown promise to overcome poor immune responses and efficacy in naive
children. One recent RCT of MF-59 aTIV found a VE of 79% in children 6-36 months;[156]
unadjuvanted TIV failed to confer significant protection in the same study. However, adjuvanted TIV are
not yet available for use in this age group.

Although the high burden of disease in this age group supports the need for vaccination, and inactivated
vaccines are the only choice at the present time for protecting children < 2 years, there is some evidence
that initial priming with inactivated vaccines may limit the breadth of subsequent immune responses to
influenza. Concerns have been raised from animal data that early and repeated vaccination with non-
adjuvanted inactivated vaccines may interfere with heterosubtypic immunity and therefore increase
susceptibility to illness with heterotypic strains.[187, 188] This might be of particular concern in the
setting of the emergence of pandemic influenza viruses. However, the theoretical dangers of early and
repeated vaccination of children are outweighed by the disease reduction associated with protection
against currently circulating subtypes.

Current vaccines are not licensed for children <6 months of age. Protection of these children relies on
vaccinating household and other close contacts to limit transmission to these children, or by immunizing
the mother during pregnancy to protect the newborn via transplacentally-acquired antibodies against
influenza (see “Pregnant Women” section).

Vaccine safety

Like any other injected vaccine, TIV may cause local reactions but such reactions are usually mild and
short-lived. Review of studies on safety of TIV in children did not reveal any evidence for important
safety concerns [157], in particular no evidence of an increased risk of febrile convulsion.[78] In clinical
trials, an increased risk for wheezing post-vaccination was observed in LAIV recipients aged <24 months.
[182, 189] An increase in hospitalizations also was observed in children aged <24 months after
vaccination with LAIV. As a result, LAIV is currently not recommended for children younger than 2
years old in countries where these vaccines are licensed. The safety profile of non-adjuvanted TIV
showed that no true safety concerns exist when used in children of different ages.[157] Similar
conclusions can be drawn for LAIV in children older than 2 years of age.[157, 182] Studies of MF59-
adjuvanted TIV have also provided comparable safety data in children.[156] However, there are
uncertainties on the safety of an AS03-adjuvanted pandemic vaccine with reports of increased incidence
of narcolepsy in some countries.

Special considerations

Additional considerations for vaccination of children include integration of influenza vaccines with
existing immunization programs, the development of vaccines that provide more than a single year of
protection, and protection of neonates against influenza virus infection through vaccination of pregnant
women. The WHO Expanded Programme on Immunization (EPI) targets young children for basic
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immunizations, providing a standard schedule and creating an infrastructure that can be utilized for
additional interventions, including influenza vaccination. An important consideration for adding influenza
to an existing childhood immunization program is the need for immunologically naive children to receive
two doses in order to mount a protective response to the virus. However, evidence suggests that the
timing of the second dose is not critical to this response, and can be given up to a year following the first
dose, allowing for some flexibility in vaccination program strategies. Influenza vaccines that could
protect individuals for more than one year with a single dose, simplifying vaccine delivery and
administration programs and improving the cost-effectiveness of the vaccine, are active areas of research.
By delivering vaccines to pregnant women through existing maternal-child health programs, infants could
be protected from influenza virus infection during their first 6 months of life due to transfer of maternal
antibodies. (See “Pregnant Women” section.)

For future research
* Vaccine effectiveness in children in low income counties and countries with year-round
circulation of influenza viruses.
* Mortality due to influenza among children in low and middle-income countries
» Safety of adjuvanted vaccines in children and LAIVs in young children under 2 years

Recommendation: Children

* Children under 2 years of age are recognized as a priority group for vaccination
because of a high burden of severe disease. Preventing influenza disease in this
influenza-naive population is currently challenging as effective immunization
requires two doses and is highly dependent on vaccine strain match to the
circulating strains. Children under 2 years should be considered as an additional
target group for influenza immunization when sufficient resources are available
with due consideration for competing health priorities and operational feasibility.
The future availability of vaccines which can be more effective at priming, whether
adjuvanted or live-attenuated, will further increase the benefits and potentially
reduce the need for two doses of influenza vaccine in this age group.

* Children aged 2-5 years have a high burden of disease, but less than those younger
than 2 years old. Children in this age group may respond better to vaccination with
trivalent inactivated influenza vaccine than younger children. Live-attenuated
influenza vaccine, when available, provides broader and higher levels of protection
in this age group.

* Children less than 6 months of age are not eligible to receive currently licensed
influenza vaccines and should be protected through vaccination of their mothers
during pregnancy and through ensuring vaccination of close contacts to limit
transmission to the infant.
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4. Elderly

Key Points: Elderly

* Influenza is a key contributor to mortality in the elderly.

* Limited recent data suggest that influenza-associated mortality in low and middle income
countries may be higher than in high income countries.

* Institutionalized elderly are at risk of disease due to outbreaks of influenza viruses.

* Inactivated vaccines have been shown to reduce the risk of morbidity and mortality in the elderly,
although effectiveness decreases with increasing age and in those with underlying medical
conditions.

* Limited data on LAIV in elderly populations suggest that LAIV may provide comparable
protection to TIV.

Disease burden

Influenza is a key contributor to mortality in the elderly. In the US from 1976-2007, adults aged >65 years
consistently accounted for approximately 90% of all influenza-related deaths during this period.[190] In
the UK from 1999-2010, an estimated 2.5-8.1% of deaths among individuals >75 years were due to
influenza.[191] Risk of influenza-associated death is highest among older elderly; those > 85 years have
been found to be 16 times more likely to die from influenza-associated illness than those aged 65-69
years.[192] Estimates using all-cause excess mortality models in Portugal [193] and all-cause, respiratory,
and circulatory mortality in Australia [194] also identified a distinct increased burden of influenza-
associated mortality in this age group, well above that estimated through direct laboratory confirmation of
influenza virus. In Singapore, influenza-associated deaths were 11.3 times more likely among individuals
>65 years than among the general population[195], and rates of influenza-associated deaths in Hong
Kong, estimated at 136 deaths/100,000 person-years, are also similar to estimates in the US and
elsewhere.[196] Excess mortality data from tropical regions also indicated multiple peaks throughout the
year.[197]

The burden of hospitalization among the elderly is also high; estimated rates from the US are 125-228
hospitalizations per 100,000 persons without high-risk conditions [198] and 399-528 hospitalizations per
100,000 persons with high-risk conditions among those >65 years of age.[199] These rates are four to ten-
fold higher than hospitalizations among younger adults with and without high-risk conditions.[198, 199]

Recent data suggest that influenza-associated mortality among elderly populations in LMIC may be
several times higher than in high income countries. Excess mortality modeling estimates for those >65
years in South Africa from 1998-2005 suggested 545 influenza-attributable deaths per 100,000 population
for all causes and 63 per 100,000 population for pneumonia and influenza mortality. These estimates were
5 times and 3 times higher, respectively, than those from the US during this time period, with an observed
increase in influenza-associated deaths during the winter months 2-4 times higher than that seen in the
US.[200] In addition to direct fatalities from pneumonia, influenza can also precipitate death from non-
respiratory causes, which can be detected through analyzing trends in excess cardiovascular and all-cause
mortality.[201]

Institutionalized elderly are also at risk for infection due to outbreaks of influenza throughout the year.
Influenza outbreaks have been regularly documented in long-term care facilities, including outbreaks of
vaccine-matched influenza strains among highly vaccinated institutional populations.[202-205] Summer
outbreaks of influenza also occur among elderly populations in long-term care facilities, [206-208]
highlighting the year-round risk of transmission in institutionalized settings.
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Vaccine performance

Influenza vaccines have been shown to reduce the risk of morbidity and mortality in the elderly, although
VE estimates varied between 20-80%, depending on the study, the population, vaccine strains match and
the outcome measured. Generally, data have indicated that VE in the elderly is lower than VE among
healthy, non-elderly persons. Four RCTs measure the effect of inactivated vaccine on ILI or laboratory-
confirmed influenza in this age group.[209-212] Their findings were summarized in a recent Cochrane
review, [4] and their pooled effectiveness against ILI was estimated to be 41%, with an efficacy against
laboratory-confirmed influenza of 58%. These results included multiple settings (community and
institution-based) and populations (healthy and those with co-morbidities). Overall, the studies
summarized in this review did not show a significant effect of vaccination against all-cause mortality.
However, an earlier meta-analysis of influenza vaccine in community-dwelling adults >65 years of age
found an effectiveness of 35% against ILI, 33% against pneumonia and influenza hospitalizations, 47%
against pneumonia and influenza mortality, and 50% against all-cause mortality.[213] Also in contrast to
the Cochrane findings, several studies have reported that vaccination can be up to 80% effective in
preventing influenza-related mortality.[211, 214-216] Additionally, a study looking at the population-
level impact of a vaccination program in Sao Paulo, Brazil detected a 26% reduction in age-specific
influenza-attributable mortality following the introduction in 1998 of funding for annual mass vaccination
campaigns for adults aged >65 years.[217]

The effects of vaccination may vary between community-dwelling and institutionalized elderly
populations. A 2006 Cochrane review noted a modest effect of vaccine among the community-dwelling
elderly in preventing hospitalization (25%) as compared to 45% effectiveness among individuals in long-
term care facilities.[5] The most recent estimates for TIV efficacy among non-institutionalized elderly are
from a large European study, which found a 60% efficacy in those >60 years of age.[218] Limited data
from tropical settings have comparable findings: a RCT conducted in Thailand of adults > 60 years living
in the community detected a relative risk reduction of ILI of 56% (decreased incidence from 11% to 5%
during the study period).[219] Among institutionalized elderly, observational study on estimates of
influenza VE in preventing medically-attended acute illness were slightly lower than the Cochrane review
estimate, ranging from 20%-40%.[211, 220] A RCT among elderly nursing home residents in Malaysia
found a relative risk reduction of ILI during the 6-month study period between 55-76%, [221] similar to
the 56% risk reduction seen in the community-based population study in Thailand.

An additional factor that associates with variability in the VE findings from observational studies among
elderly populations is “healthy vaccinee” effect. This bias, described by Jackson et al., [222] occurs due to
the differences in overall health status between individuals who seek influenza vaccines and those who
are hospitalized for severe disease (or have other non-specific severe outcomes), and can result in
overestimated VE. Several recent observational studies have corrected for this effect, with VE of 8.5-
12.4% against pneumonia hospitalizations [223, 224] and 4.6% against all-cause mortality.

Limited data on LAIV in elderly populations suggest that LAIV provides comparable protection to TIV.
A 2011 review of studies comparing TIV and LAIV concluded that the two vaccines have a similar
relative efficacy in the elderly, based on the currently available data.[225] In South Africa, a randomized
placebo-controlled trial in 2001 estimated LAIV efficacy against vaccine-matched influenza viruses to be
42.3%, with highest efficacy against influenza A(H3N2) viruses (52.5%), no efficacy against influenza B
viruses, and no increase of severe adverse events for LAIV recipients compared to placebo.[226] A
superiority trial in South Africa in 2002 found no significant difference in relative efficacy between LAIV
and TIV, although this was due in part to the small number of laboratory-confirmed infections in the two
study arms.[227] Finally, a study among Russian adults aged 60 and over who received either TIV or
LAIV alone or a combination of the two, found a similar efficacy when TIV or LAIV was administered
alone, at 50% and 51% respectively.[228] This study also observed a slightly increased efficacy of 67%
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among participants receiving a combination of both vaccines, which could be explored for future
vaccination strategies.

Several studies were conducted on adjuvanted influenza A(HIN1)pdm vaccine safety and effectiveness
among elderly populations. One study from Italy found MF-59 adjuvanted vaccine to be well-tolerated in
this population, [229] and another study from the Netherlands found only a moderate VE due to the
occurrence of a number of breakthrough infections in elderly vaccine recipients.[230] In England, a study
of AS03-adjuvanted monovalent influenza A(HIN1)pdm vaccine estimated an effectiveness among those
>50 of 41%, lower than what was found in those <10 and 10-24 years of age (77% and 100%,
respectively) but higher than the effectiveness among adults aged 25-49 (22%).[231]

Preliminary data for high dose (HD) TIV, a formulation developed specifically for elderly populations,
show that it elicits an elevated antibody response compared to standard dose (SD) TIV. Falsey et al. [232]
randomized adults >65 years old in the US to HD TIV (containing 60 micrograms of hemagglutinin per
strain) or SD TIV (15 micrograms per strain). They then measured serological responses, finding a
statistically significant increase in serological conversion rates and mean HI titers among recipients of HD
TIV that met superiority criteria for both influenza A strains, as well as non-inferiority criteria for the
influenza B strain. These findings suggest that HD TIV may provide improved protection against
infection in this age group, although vaccine efficacy data are needed. HD TIV was licensed in the US in
2009, and US CDC’s Advisory Committee on Immunization Practices (ACIP) has not expressed a
preference for HD TIV over SD TIV formulations based on current data.[233]

Vaccine safety

Systematic review of seasonal influenza vaccine in the elderly showed that vaccine induces systematic
and local side effects more frequently in vaccinated persons than controls but not statistically significant.
[4] Safety of seasonal influenza vaccine does not appear to be of major concern in elderly populations.

Special considerations

As elderly individuals are at especially high risk of severe disease due to influenza infection, and
vaccination has been shown to reduce this risk, vaccination recommendations are in place in many
countries that target this population. Appropriate clinical endpoints that document morbidity and
mortality due to influenza virus in the elderly are also a challenge; identification of influenza virus
infections, particularly in the context of VE studies, can be difficult due to the wide clinical spectrum in
this population.

For future research
* Burden of influenza disease among elderly populations in tropical countries, and in low and
middle income countries
* Relative vaccine effectiveness of high-dose inactivated, adjuvanted inactivated, and live-
attenuated vaccine formulations in the elderly populations

Recommendation: Elderly

* Elderly persons have the highest risk of mortality, and vaccination of this high risk
group has traditionally been a main focus of vaccine policy development. This
continues to be an appropriate target group for vaccination. However, delivering
annual immunization to this group requires considerable ongoing investment, and
increasing evidence demonstrates that available influenza vaccines are less
effective in this population, compared to younger adults.
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5. Individuals with underlying health conditions

Key Points: Individuals with Underlying Health Conditions

* Individuals with underlying health conditions, such as chronic respiratory or cardiac disease or
compromised immune status, are more likely to develop severe or fatal disease due to influenza
infection than healthy individuals of the same age group.

* Influenza vaccine effectiveness has been demonstrated among individuals with underlying health
conditions in a number of settings.

Table 2. List of high-risk underlying health conditions

1. Respiratory disease
a. Asthma
b. Chronic bronchitis and emphysema
c. Other pulmonary diseases

2. Cardiac disease
a. Atherosclerotic heart disease
b. Cardiomyopathy/chronic congestive heart failure
c. Congenital heart disease

3. Neurodevelopmental disorders
a. cerebral palsy
b. musculodystrophy
c. cognitive disorders

4. Metabolic disorders
a. Diabetes

5.  Immunocompetency disorders
a. HIV/AIDS
b. Chemotherapy
c. Transplant patients on immunosuppressive agents
d. Chronic corticosteroid therapy

| 6. Chronic renal insufficiency on dialysis

| 7. Chronic liver disease especially with cirrhosis.

|8. Morbid obesity

9. Hematological diseases
a. Sickle cell anemia
b. Thalassemia major

| 10. Chronic aspirin therapy in children (risk of Reye's syndrome)

Other groups to consider (not necessarily with a chronic illness):
1. Members of socially disadvantaged minority groups.
2. Residents of long term care facilities.
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Disease burden

Individuals with underlying medical conditions have higher rates of severe disease (hospitalization and
death) from influenza virus infection than healthy individuals. This elevated risk is observed in children
and adults, including pregnant women, and has been found for all groups listed in Table 2. Within each
group, there is a range of elevated risk, driven by age, severity of the condition, and other factors.

A study of children with medically treated asthma or other chronic medical conditions in the US found
that hospitalization rates ranged from two to four times the rate seen in children without medical
conditions, with the highest burden in infants 0-11 months (1900 per 100,000 high-risk population) and
the greatest increase in risk compared to those without medical conditions in children 1-2 years of age.
[145] US hospitalization surveillance data confirmed this finding: 40% of hospitalized children in the
Emerging Infections Program (laboratory-confirmed influenza in 10 states) have one or more underlying
medical conditions (predominantly asthma, followed by prematurity or developmental delay).[234]
Underlying conditions also put children at risk for longer hospitalization stays, compared to children
without underlying conditions, [235] and are frequently present among fatal cases of influenza virus
infection among children.[236] Among adults with acute exacerbations of chronic obstructive pulmonary
disease (COPD), a systematic review found that RT-PCR-confirmed influenza was associated with 7% of
cases, and with highest number of respiratory viruses detected in Europe, but a highest proportion of
influenza relative to other viruses in Asia.[237]

A global meta-analysis of risk factors for severe disease from pandemic influenza found that the
proportion of patients with at least one chronic medical condition who were infected with influenza
A(HIN1)pdm increased with increasing severity: from 31% of hospitalized, to 52% of ICU-admitted and
62% of fatal cases, although there were small variations in this pattern by country. Chronic respiratory
conditions (excluding asthma) and asthma were the risk factors most often reported among severe cases,
followed closely by diabetes and chronic cardiac conditions. This review also found morbid obesity to be
associated with ICU admission or fatal outcome.[29]

The risk of severe infection by influenza in cases with morbid obesity is demonstrated in a case series
from the first pandemic wave in California, 51% of hospitalized cases had a BMI >30, twice the average
BMI among California adults, and BMI >40 (observed in 30% of cases) was associated with increased
likelihood of a fatal outcome (odds ratio of 4.2).[238]

Among pregnant women with underlying medical conditions, there is also an observed increased risk of
hospital admission from infection with influenza virus, irrespective of stage of pregnancy during the
influenza season [239] although the 3™ trimester is frequently reported as an independent risk factor for
severe disease.[21]

Among adolescents and adults with HIV infection in the US, influenza-associated excess mortality can be
7 to 14 times higher than that in the general population, comparable to or sometimes higher than excess
mortality rates among those >65 years.[8] Data have also shown that those with HIV infection have a
longer duration and increased severity of illness, compared to the general population.[240-243]

Cancer patients and transplant recipients are also at high risk of infection with influenza virus, including
nosocomial acquisition of influenza.[244-246] In addition, immunosuppressed individuals are at elevated
risk of developing an antiviral resistant influenza infection in response to an antiviral treatment regimen;
high rates of resistant infection have been documented in this group for seasonal [247-249] and influenza
A(HIN1)pdm virus.[250, 251]
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Vaccine performance

Individuals with respiratory/cardiovascular conditions

Influenza vaccine effectiveness has been demonstrated in some populations with asthma, COPD, and
chronic lung diseases. Among children with asthma, two observational studies found that VE varied by
age and by virus type and subtype. A retrospective cohort study of asthmatic children < 12 years found a
VE against ARI of 55% in children <6 years old and 5% in children >6 years 0ld.[252] A prospective
cohort of children with moderate to severe asthma aged 2-14 years estimated the following VE estimates
by age group: 54% in 2-6 year olds and 78% in >6 year olds against influenza A(H3N2), and 22% in 2-6
year olds and 60% in >6 year olds against influenza B.[173] Among patients with COPD, a randomized
controlled trial found a vaccine efficacy of 76% against influenza-related ARI with no difference by
severity of COPD.[253] A Cochrane review of vaccine performance among COPD patients concluded
that the limited available data suggested that vaccines reduce acute exacerbations among COPD
patients.[254] Among individuals >65 years old with chronic lung disease, additional analyses suggest
that influenza vaccine reduces the rates of pneumonia and influenza hospitalizations and all-cause
mortality in this risk group.[255, 256]

Influenza vaccine effectiveness has also been evaluated among individuals with underlying cardiac
diseases. A RCT of optimally treated coronary artery disease patients found a significant reduction in risk
of 12-month cumulative cardiovascular death among those who were vaccinated (hazard ratio of 0.54).
[257] A prospective cohort study of influenza vaccination in individuals with cardiac disease obtained
similar findings, with a 0.34 hazard ratio for cardiovascular death at 1 year.[258] A recent study with
similar methods among patients with acute coronary syndrome looked at a broader outcome of combined
major cardiovascular events and found a significant hazards ratio of 0.70, but found no significant
difference in cardiovascular deaths between the vaccine and control groups.[259] A 2008 Cochrane
review of vaccine effects on patients with coronary heart disease included 2 trials and concluded that the
small numbers of outcomes of interest, such as cardiovascular death and myocardial infarction, resulted in
imprecise estimates and insufficient data to evaluate this association.[10]

Compared to healthy populations, vaccine performance may be decreased in populations with underlying
respiratory and/or cardiovascular diseases, and meta-analyses indicate that there is insufficient evidence
to conclude that vaccines are adequately effective in these groups. A 2003-04 case control study of high
risk (with reported underlying medical conditions) and non-high risk 50-64 year olds found a decreased
vaccine efficacy against laboratory confirmed influenza among high risk compared to non-high risk
individuals (48% vs. 60%).[260] A 2011 systematic review of the available data on vaccine performance
among different vaccine target groups found limited good-quality evidence of vaccine effectiveness in
COPD patients and elderly individuals with comorbid conditions.[11]

Immunocompromised individuals

Certain immunocompromised groups, such as HIV patients with low CD4-count, do not respond as
robustly to vaccines as healthy individuals. TIV is immunogenic among HIV-infected persons with
normal CD4 counts.[261-264] However, data show TIV to be less immunogenic, with a possible reduced
vaccine efficacy, in persons with low CD4 counts.[262, 265, 266] Further, a second dose does not
improve immune responses in this group.[265] Studies on the performance of monovalent inactivated
influenza A(HIN1)pdm vaccine have similar findings with reduced immunogenicity (60%) among HIV-
positive individuals, particularly those with lower CD4 counts.[267, 268] These findings of reduced
immunogenicity extend to adjuvanted vaccines (AS03 and MF-59) among HIV-positive compared to
HIV-negative individuals.[269-271] Two systematic reviews conducted on the effectiveness of influenza
vaccines among HIV-positive populations showed limited evidence of VE in this population and called
for more data from RCT settings.[12, 13] However, a recent RCT of TIV among HIV-infected adults in
South Africa showed a vaccine efficacy of 76% and high levels of serological conversion.[272] Data from

26



Background Paper on Influenza Vaccines and Immunization

this study also suggested that the serological conversion rate for influenza A(HIN1)pdm underestimated
efficacy of the vaccine strain for this subtype.

Among other immunocompromised populations, primarily cancer patients and transplant recipients
(individuals receiving hematopoietic stem cell or solid organ transplants), single doses of both
unadjuvanted and adjuvanted inactivated influenza vaccines have solicited only moderate immunological
responses in adults [269, 273-279] and children.[280-282] Many of these studies found that a second dose
significantly improved the proportion achieving serological protection. Despite decreased levels of
protective antibodies, several analyses have found evidence of reduced risk of death following
vaccination in immunocompromised cohorts.[283, 284] Additional studies among immunosuppressed
pediatric populations on the effect of LAIV found only a moderate level of immunogenicity, but no
prolonged viral shedding, suggesting that this vaccine is well-tolerated in this group.[285, 286]

Special considerations

As individuals with one or more high-risk medical conditions are a heterogeneous population, there are a
number of challenges to targeted vaccination campaigns. Among those with a given type of medical
condition, there is a range of risk for severe influenza disease. In addition, the prevalence of high-risk
conditions such as HIV is high in some LMICs, while the prevalence of other medical conditions is not
always well documented. Further, high-risk individuals may obtain vaccines through multiple sources,
making estimates of vaccination coverage difficult.

For future research
* Prevalence of underlying illnesses common in low and middle-income countries (e.g. TB and
HIV) as well as malnutrition
* Relative importance of various chronic conditions for severe complications of influenza,
particularly in LMIC
* Unidentified environmental and clinical risk conditions
* Safety of LAIV in HIV-positive populations

Recommendation: Individuals with Underlying Health Conditions

* Persons with specific chronic diseases are at high risk for severe influenza illness.
These groups have often been targeted for influenza vaccination, and continue to
be an appropriate target group for vaccination. However, identification of these
individuals in many settings is often challenging and requires considerable ongoing
effort and investment.
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II.

Considerations for Vaccination Programs
1. Influenza surveillance and monitoring

The overarching goal of influenza surveillance is to minimize the impact of the disease by providing
information to public health authorities for planning appropriate control and intervention measures, health
resource allocation, and for making case management recommendations.

Specifically, the goal of influenza surveillance is to provide timely, high quality data, in order to:

* Describe the seasonality of influenza.

* Identify and monitor groups at high risk of severe disease.

* Establish baseline levels of activity for influenza and severe influenza-related disease with which
to evaluate the impact and severity of each season.

* Determine influenza burden.

* Provide a platform for evaluation of intervention effectiveness.

* Identify locally circulating types and subtypes and their relationship to global and regional
patterns and matching of vaccine strains.

* Facilitate vaccine strain selection.

* Provide candidate viruses for vaccine production.

For programs considering introduction of influenza vaccination, country-specific information about risk
groups and disease burden will provide information on vaccine demands to aid policy makers and health
program planners in making informed decisions about target groups for vaccination and resource
allocation. In addition, knowledge of the transmission patterns, the timing of seasons, and the relationship
of these to other countries will allow health officials to better chose which vaccine to use and the most
appropriate timing of vaccination. Finally, a surveillance system can provide a platform on which to
monitor the impact of vaccine introduction particularly when combined with information on vaccination
coverage rates. WHO has recommended a strategy for influenza surveillance that includes both
surveillance for mild, outpatient-managed influenza-like illness (ILI) and for hospitalized severe acute
respiratory infections (SARI).

2. Cost effectiveness of seasonal influenza vaccination

Regardless of the methodology used, the majority of economic studies of influenza vaccine have found
that vaccination is cost-effective. Systematic reviews of cost-effectiveness analyses among elderly
populations found that almost all studies determined vaccination to be cost-effective or cost saving, [19,
287] although variations in methodology between studies made comparisons difficult. However,
vaccination of persons over 65 years old was found to result in cost savings from both the societal
perspective [20, 256] and from the perspective of health programs.[288]

Vaccination of adults <65 years old has been found to reduce direct and indirect costs from work
absenteeism in two US studies, [289, 290] although these findings were not replicated in a third study.
[291] This study did, however, find vaccination of children to be cost saving, with maximum cost savings
reached by vaccination of children with medical conditions. Economic evaluations of vaccinating children
have demonstrated a wide range of cost estimates, but have generally found this strategy to be either cost-
saving or cost-beneficial.[292-295] A comparison of the economics of vaccinating children with TIV or
LAIV found similar cost savings between the two vaccines, with an increased cost for both vaccines for
older versus younger children.[296] Analyses of vaccination programs targeting pregnant women show
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that it is cost-effective.[297-299] Vaccination of pregnant women with additional comorbidities was
found to be cost-saving.[299]

Cost effectiveness also varies by the location where the vaccine is given, with lower estimated costs for
vaccination in nonmedical settings, such as pharmacies, as compared to medical settings, particularly
doctors’ offices, [300] and that cost-effectiveness is maximized by vaccination as early in the influenza
season as possible (as soon as vaccine is available), to minimize the likelihood of infection.[298]
Although almost all cost-effectiveness analyses to date have focused on high-income countries and may
not apply to low and middle countries, studies evaluating the economic impact of vaccinating healthcare
workers have been conducted in Thailand and Colombia.[301, 302] Both studies demonstrated cost-
effectiveness of targeting HCWs in Thailand using a combined intervention package (including
vaccination, anti-viral access, and awareness campaigns) and in Colombia vaccinating HCWs in contact
with high-risk cancer patients.

3. Prioritization of vaccination and coverage goals

Although traditionally influenza immunization programs have targeted priority groups as outlined in the
2005 WHO position paper on influenza immunization, accumulated evidence on disease burden, vaccine
performance and new vaccine developments have highlighted different prioritization needs. Country-
specific policy development regarding influenza vaccination and prioritization of targeted risk groups
should account for both vaccine effectiveness in such groups and concerns such as local disease burden
assessment, ease of implementation and the available resources. Criteria for countries to consider in
prioritizing target groups for influenza vaccination include:

* Contribution of risk group to the overall influenza disease burden in population
* Disease severity within individual risk group

* Vaccine effectiveness

* Feasibility of delivery

* Indirect effects of vaccination

* Cost-effectiveness

* Opportunity cost

* Existing recommendations and programs for use of influenza vaccine locally

Coverage goals are also an essential element of country-specific influenza vaccination program
development. WHO currently provides vaccination coverage goals at 75% for those 65 years and older,
and has developed guidance for countries in the process of setting coverage goals. In order to accurately
measure progress toward coverage goals, vaccination programs require integration with surveillance or
monitoring systems that can evaluate vaccination levels in target groups, and show the impact of
vaccination on influenza-associated morbidity and mortality.

4. Revaccination when vaccine strains have not changed from the previous
year

The question of whether to revaccinate in years in which vaccine strains have not been changed from
previous years was discussed. It was felt by the WGIVI that the occurrence of vaccine strains unchanged
from previous year had been rare. In this respect, vaccine immunogenicity and post-immunization
antibody decay are important factors to be considered and such data are highly vaccine and age group
specific (LAIV vs. TIV, adults vs. children, elderly etc.). Therefore, annual vaccination (including re-
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vaccination with unchanged vaccine strains) is recommended, particularly for high-risk groups who may
response poorly to influenza vaccination, for whom repeated vaccination would boost immune response
for protection from severe infection.

5. Quadrivalent formulation of seasonal influenza vaccine

The development of quadrivalent (QIV) formulation for seasonal influenza vaccine is of interest in
providing comprehensive protection against influenza B viruses. Current vaccine strains recommendation
comes from the WHO Global Influenza Surveillance and Response System (GISRS) which covers two
influenza A viruses (HIN1 and H3N2) and an influenza B virus. GISRS also recommended there be
further research on the fourth strain (another influenza B virus of different linage). To assess the
effectiveness of QIV, information on the global co-circulation of influenza B strains is required. It was
noted that for 4 of the previous 8 seasons, use of QIV instead of TIV would have had substantially
improved match of global circulating strains and there is potential public health benefit for QIV. A
quadrivalent LAIV has recently been licensed in the US. Further research and clinical evaluation of
different QIVs are encouraged.
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I11.

Recommendations

Pregnant women should be vaccinated against influenza at any stage of
pregnancy. In countries considering initiating or expanding vaccination programs
for influenza, SAGE recommends pregnant women as the highest priority group for
vaccination. This recommendation is based on compelling evidence of a substantial
risk of severe disease in pregnant women, evidence that vaccine is effective against
severe disease, and the evidence supporting secondary protection of infants under 6
months, in whom disease burden is also high, as well as operational feasibility.

Healthcare workers are an important priority group for influenza vaccination.
Vaccination of the healthcare worker not only protects the individual, but also
maintains healthcare services during influenza epidemics and protects vulnerable
patients

Children under 2 years of age are recognized as a priority group for vaccination
because of a high burden of severe disease. Preventing influenza disease in this
influenza-naive population is currently challenging as effective immunization
requires two doses and is highly dependent on vaccine strain match to the
circulating strains. Children under 2 years should be considered as an additional
target group for influenza immunization when sufficient resources are available
with due consideration for competing health priorities and operational feasibility.
The future availability of vaccines which can be more effective at priming, whether
adjuvanted or live-attenuated, will further increase the benefits and potentially
reduce the need for two doses of influenza vaccine in this age group.

Children aged 2-5 years of age have a high burden of disease, but less than those
younger than 2 years old. Children in this age group may respond better to
vaccination with trivalent inactivated influenza vaccine than younger children.
Live-attenuated influenza vaccine, when available, provides broader and higher
levels of protection in this age group.

Children less than 6 months of age are not eligible to receive currently licensed
influenza vaccines and should be protected through vaccination of their mothers
during pregnancy and through ensuring vaccination of close contacts to limit
transmission to the infant.

Elderly persons have the highest risk of mortality, and vaccination of this high
risk group has traditionally been a main focus of vaccine policy development. This
continues to be an appropriate target group for vaccination. However, delivering
annual immunization to this group requires considerable ongoing investment, and
increasing evidence demonstrates that available influenza vaccines are less
effective in this population, compared to younger adults.

Persons with specific chronic diseases are at high risk for severe influenza illness.
These groups have often been targeted for influenza vaccination, and continue to
be an appropriate target group for vaccination. However, identification of these
individuals in many settings is often challenging and requires considerable ongoing
effort and investment.
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