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Summary 

Background 

This report summarises the results of a systematic review of the literature and meta-analyses of the 

immunogenicity, duration of protection, effectiveness/efficacy and safety of rubella-containing 

vaccine (RCV) in order to update the WHO rubella vaccine position paper. 

Methods 

We performed a systematic literature review for studies published since 2010 in which one or more 

doses of RCV were given at any age. We extracted data on the following outcomes: immunogenicity, 

duration of protection, vaccine efficacy or effectiveness and safety. Where appropriate, meta-

analyses were performed. Quality of all included studies was assessed using the GRADE 

methodology.     

Results of the search and selection 

We included 36 papers (32 randomized controlled trials (RCTs) and 4 observational studies) for 

analysis of the immunogenicity of one or two doses of RCV (RA27/3 strain) in children and adolescent 

girls, and 14 papers (5 RCTs and 9 observational studies) to assess the duration of protection of RCV. 

One paper on vaccine effectiveness (VE) (BRDII strain) was included, and 74 studies on safety, 

including three on safety in pregnancy.  

Results of the review of included studies 

Seroconversion after a single dose of RCV (RA 27/3 strain) was 99% (95% CI: 98%-99%) in children 

(GRADE evidence rating, high) and 100% (100%-100%) in adolescent girls (GRADE evidence rating, 

moderate), independent of co-administration with other vaccines. Seropositivity after a second dose 

of RCV (RA 27/3 strain) was 100% (99%-100%) (GRADE evidence rating, high). For duration of 

protection, the studies showed a seropositivity of 88%-100% measured 1-20 years after one or two 

RCV doses (GRADE evidence rating, moderate).  We did not find any additional studies on vaccine 

efficacy of RCV published since 2010. The single new study on VE of RCV reported 100% VE after one 

and two doses (BRDII strain) (GRADE evidence rating, low).  Among 34,332 individuals participating in 

the RCTs, after exclusion of severe adverse events (SAE) not associated with RCV according to the 

authors, 140 SAE were reported as possibly related to RCV.  Among the case reports on SAEs, the 

association with RCV was confirmed in one report, where a previously healthy man died of 

encephalitis. At post-mortem examination, rubella virus (vaccine strain) was detected in brain tissue. 

For outcomes on safety in general the GRADE evidence rating was moderate. No cases of CRS or 
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other SAEs were reported in studies following almost 3,000 women who were inadvertently 

vaccinated against rubella during pregnancy (GRADE evidence rating, low).  

Conclusions 

Our literature review confirms the evidence that is presented in the current WHO rubella vaccine 

position paper, dating from 2011. Single and two doses of RCV are highly immunogenic for a long 

period of time, they are effective in preventing rubella and CRS, and they are safe to be administered 

to immunocompetent individuals.   
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Abbreviations 

CI 

CRI 

CRS 

EIA 

Confidence interval 

Congenital Rubella Infection 

Congenital Rubella Syndrome 

Enzyme-linked Immunosorbent Assays 
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1 Introduction 

Rubella infection generally manifests as a mild viral infection with fever, malaise, lymphadenopathy 

and a typical rash, in the pre-vaccination era occurring mainly in children. The disease is of public 

health relevance due to its teratogenic potential: if rubella infection occurs around conception or in 

early pregnancy, there is a high risk of miscarriage, fetal death or congenital defects including 

ophthalmic, auditory, cardiac and craniofacial problems (congenital rubella syndrome; CRS). Rubella 

containing vaccines (RCV) have proven highly immunogenic with seroconversion rates of >95% and 

have an effectiveness of 90-100% in outbreak situations (1). 

Most countries around the world (170 of 194 World Health Organization (WHO) member states; 88% 

as of 2017) have introduced a RCV in their routine immunization programme. This has led to a large 

reduction in rubella and CRS incidence worldwide. The WHO region of the Americas has eliminated 

CRS and rubella in 2015. Two other WHO regions (European and Western Pacific Region) are near to 

elimination, with current RCV coverages of >95% (1, 2). 

In most national immunization programmes, rubella vaccine is provided together with measles 

vaccine (MR), measles and mumps vaccine (MMR), or measles, mumps and varicella vaccines 

(MMRV). In 2016, 95% of countries having a RCV in their immunisation programme, used a 

combination vaccine with measles (3). The age of administration usually follows the scheme of the 

measles vaccine: a first dose given at 9 or 12-15 months and a second dose at 15-18 months or 4-6 

years. In measles outbreak situations or in case of individuals with high risk of measles, the first dose 

of measles containing vaccine (MCV) , often combined with rubella vaccine, may be given as early as 

6 months of age (4). Recent evaluations show that administration of MCV at young age (<9 months) 

lowers the induction of a protective immune response to measles vaccine (5). Early administration of 

RCV might also impact the immune response to rubella vaccine. 

The current WHO vaccine position paper on rubella summarizes the evidence on the 

immunogenicity, efficacy, effectiveness, duration of protection and safety of RCV, up to 2011 (1). The 

purpose of this systematic review is to update the evidence in these areas for the rubella vaccine 

position paper.  

 

2 Aims and objectives 

The aim of this project was to perform a systematic literature review of the available evidence 

published since the previous review, on the immunogenicity, duration of protection, efficacy, 
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effectiveness, and safety of RCV, in order to update the WHO position paper on rubella vaccine (1). 

Additional research questions included the safety of RCV vaccination during pregnancy and the effect 

of RCV administration at young age (< 9 months). 

The objectives were: 

- To perform a systematic search and screening of the literature to identify relevant papers 

published since 2010 (to cover for any papers that were published after the previous literature 

review that was conducted in 2010); 

- To critically appraise the quality of the evidence with respect to the appropriateness of the 

methodology and analyses performed, according to international standards for the conduct 

and reporting of systematic reviews (GRADE); 

- To perform quantitative and qualitative syntheses of the available evidence; 

- To present the syntheses of the available evidence in such a way that the WHO vaccine 

position paper on rubella can be updated. 
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3 Methods 

3.1 Review Questions 

The overall question to be answered with this systematic review is: What new evidence has been 

published since 2010 that would have implications for rubella vaccination policies to be included in 

the WHO Rubella Vaccine Position Paper? 

3.1.1 Primary questions 

1 What is the evidence on the immunogenicity of a single (and two) dose(s) of RCV? 

2 What is the evidence that RCV protects against rubella and congenital rubella syndrome 

(CRS); i.e. what is its efficacy and effectiveness? 

3 What is the evidence for the duration of protection following a single dose and two doses of 

RCV? 

4 Is there any new evidence on the occurrence of severe adverse events of RCV? 

5 Is the effect of RCV1 -in terms of immunogenicity, efficacy or effectiveness and duration of 

protection- given to children younger than 9 months of age equal to or less than the effect of 

RCV1 administered at 9-24 months of age? 

6 What is the evidence on the risk of adverse events (including CRS) when RCV is administered 

in pregnancy? 

 

3.1.2 PICO’s 

The PICO (Population, Intervention, Comparison (where applicable), Outcome, and study designs) 

components that informed the review objectives, are presented in Tables 1-3. 

Table 1. Structured framework underlying primary questions 1-4 

Population Intervention Outcome Study designs 
Persons ≥ 9 months 

of age 

Administration of 

a dose of any 

currently licensed 

RCV 

1. Immunogenicity 

2. Efficacy and effectiveness 

3. Duration of protection 

4. Safety 

 

 

- RCTs 

- Observational studies 

including cohort and case-

control studies, follow-up 

studies 

- Case series and case reports 

(for safety only) 
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Table 2. Structured framework underlying primary question 5 

Population Intervention Comparison Outcome Study designs 
Infants up to 24 

months of age 

receiving a first 

dose of RCV 

Administration of 

a single dose of 

any currently 

licensed RCV 

before the age of 

9 months 

Administration of 

a single dose of 

any currently 

licensed RCV at 

the age of 9-24 

months  

1. Immunogenicity 

2. Efficacy and 

effectiveness 

3. Duration of 

protection 

4. Safety 

 

 

- RCTs 

- Observational 

studies including 

outbreak 

investigations, 

cohort and case-

control studies 

- Case studies and 

case reports (for 

safety only) 

 

Table 3. Structured framework underlying primary question 6 

Population Intervention Comparison Outcome Study designs 

Pregnant women Administration of 

a dose of any 

currently licensed 

RCV to pregnant 

women 

Not applicable 

  Or: 

No administration 

of a dose of RCV to 

pregnant women 

(for study designs 

including a control 

group)  

1. Safety 

 

 

- Observational 

studies including 

cohort and case-

control studies  

- Case series and 

case reports (of 

newborns with CRS 

and of women who 

received RCV 

inadvertently 

during pregnancy) 

  

3.1.3 Primary outcome measures 

a) Immunogenicity 

Humoral immunity 

Serological rubella antibody responses in terms of seroconversion rates (SCRs), seropositivity, 

geometric mean antibody titres (GMTs) and avidity, measured by: 
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• Enzyme-linked immunosorbent assays (EIA) 

• Haemagglutination-inhibition assays (HAI)  

• Neutralization Tests (NT) 

• Immunoblot/immunofluorescence assays 

• Avidity tests 

Seroconversion was defined by a fourfold rise in IgG titres in diagnostic samples to detect 

recent infection, and by a change from seronegative to seropositive (defined by cut-off 

values as described by the authors) in samples pre- and post-vaccination, taking into account 

an interval of at least 6-8 weeks between vaccination and the post-vaccination sampling. 

Seropositivity was defined by cut-off values as described by the authors. We did not limit 

inclusion to studies that used the generally accepted threshold for protection of 10 IU/mL as 

the cut-off for seropositivity in EIA tests. Many studies reported results based on commercial 

EIA’s with a cut-off value of 4 IU/mL. As evidence suggests that equivocal results obtained in 

EIA’s (i.e. 4-10 IU/mL) can be interpreted as positives, we have included studies using a cut-

off values of ≥ 4 IU/mL (6). 

The principal indicator for immunogenicity that was used in this review, is seroconversion. 

b) Efficacy 

Vaccine efficacy against (laboratory confirmed or epidemiologically linked) rubella cases and 

congenital rubella syndrome as assessed from RCTs.  

c) Effectiveness 

Vaccine effectiveness against (laboratory confirmed or epidemiologically linked) rubella cases 

and congenital rubella syndrome as assessed from post-implementation field studies and 

outbreak reports. 

d) Duration of protection 

Trends in antibody levels over time since rubella vaccination, expressed both in terms of 

seropositivity and GMTs. 

e) Safety 

Severe adverse events (SAEs) as defined by the authors, including febrile convulsions, 

thrombocytopenic purpura and arthritis, with a focus (for this review) on rarely reported/ 
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uncommon SAEs. For safety in pregnancy: the occurrence of CRS and any other SAE as 

described by the authors. 

 

3.2 Search strategy 

The search was carried out on the 17th May 2019 for any articles published in relevant databases 

reporting on RCV.  

3.2.1 Searching literature databases 

In collaboration with RIVM librarian (Rob van Spronsen), a primary search for articles that met the 

eligibility criteria was retrieved from the primary database for biomedicine and health sciences 

Embase.com (Appendix A). The database was searched using controlled vocabulary (i.e MeSH terms) 

with a pre-determined strategy as detailed in Appendix B. Papers in English, Dutch, German, French, 

Spanish and Portuguese, published from 1st January 2010 until the 17th of May 2019 (when the 

search was done), were included. The search results were transferred to an EndNote library. 

Duplicate records were removed using the EndNote “Find duplicates” function, followed by a manual 

check. 

3.2.2 Additional reference searches 

To maximize the search sensitivity, the literature searches were checked to ensure that they contained 

relevant papers cited in Plotkin’s Vaccine (Chapter 53. Rubella Vaccines. 2018) (7).  

Furthermore, a number of experts (members of the WHO Measles and Rubella working group as well 

as a CDC Rubella Subject Matter Expert) were consulted by email to identify additional literature or 

research that had not been found through the above processes. 

 

3.3 Literature selection 

Eligibility criteria were defined and references were first screened by three reviewers (JB, IV and 

POBL)) using a two-stage approach by reviewing the title and abstract (step 1) and the full text (step 

2) as outlined below.   

3.3.1 Eligibility criteria 

The eligibility criteria outlined below were applied to the results of the literature search. 
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3.3.1.1 Types of studies 

Randomized controlled trials (RCTs), outbreak investigations, cohort and case-control studies, follow-

up studies, seroprevalence studies, passive surveillance studies, case series and case reports (the 

latter three for safety related questions) were considered for inclusion. 

3.3.1.2 Types of participants 

For primary questions 1-4, participants had to be individuals ≥ 9 months of age. For question 5, 

participants were either infants < 9 months of age who received a first dose of RCV, or infants 

between 9 and 24 months of age (as a comparison). For question 6, the participants were pregnant 

women (or a control group of non-pregnant women of reproductive age). 

3.3.1.3 Types of intervention 

Administration of any currently, internationally licensed RCV of strain RA 27/3, BRDII, Takahashi, 

Matsuura or TO-336, containing at least 1,000 Plaque Forming Units (PFU) per dose, either in 

monovalent variant or as a combination vaccine (measles and rubella (MR), measles, mumps and 

rubella (MMR), measles, mumps, rubella and varicella (MMRV) was considered relevant for this 

review. For immunogenicity, we focussed on studies using the RA27/3 rubella strain. We 

distinguished studies/study-arms where RCV was co-administered with any other vaccine. 

3.3.1.4 Minimum data requirements 

For inclusion in the review, the articles had to be published after the 1st of January 2010 (to cover for 

any publications in 2010 that had not been published at the time of review for the 2011 position paper) 

and report a minimum set of data as shown in Table 4. 

Table 4. Minimal data requirements within articles for inclusion in review 

Data requirements for all studies  

Study population Age at vaccination 

Data requirements for immunogenicity studies only 

Vaccine strain used Vaccine strain used in RCV (and manufacturer) 

Immunogenicity results Type of laboratory test used 

Time since vaccination In months or weeks 

Data requirements for safety studies only 

Safety Severe adverse events case definition 
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Data requirements for studies on administration <9 months of age 

Age at vaccination Exact age (months) 

Immunogenicity results Type of laboratory test used 

Data requirements for studies on administration during pregnancy 

Study population Pregnant or not 

Safety Severe adverse events case definition 

3.3.2 Exclusion criteria 

Ecological studies, non-human primate studies, meeting abstracts, editorials, newspaper articles and 

other forms of popular media were excluded. Studies in specific patient groups such as 

immunocompromised patients and patients with known hypersensitivity reactions to vaccine-

components were excluded as well. For safety, epidemiological/observational studies that focussed 

on one or a few pre-defined and already known SAEs only, were excluded. Studies that investigated 

mild adverse events and reactogenicity of RCV only, were excluded as well. 

Failure to meet any one of the eligibility criteria (section 3.3.1) also resulted in exclusion from the 

review. Data regarding the reasons for exclusion were recorded at each stage. The final decision for 

inclusion or exclusion was made by the researchers conducting the review.  

The reasons for excluding studies (including reasons for exclusion following review of the full text) 

were recorded at each stage.  

3.3.3 First selection step: title and abstract 

The title and abstract of each article were reviewed to see if they met criteria for inclusion. To ensure 

inter-reviewer consistency, a random selection of ten percent of the retrieved articles was reviewed 

by all three reviewers. The level of agreement between reviewers was measured by the Fleiss Kappa 

statistic. Based on an arbitrary interpretation by Landis and Koch who characterized kappa values < 0 

as indicating no agreement and 0–0.20 as slight, 0.21–0.40 as fair, 0.41–0.60 as moderate, 0.61–0.80 

as substantial, and 0.81–1 as almost perfect agreement, value of at least 0.60 was considered to 

indicate adequate agreement (8). After the first round the kappa value was 0.58. Therefore, after 

discussion and consensus on the initial disagreements, another ten percent of the articles were 

screened by the three reviewers. The Fleiss Kappa statistic of round two was 0.71 and the remaining 

articles were divided for screening among the reviewers. 
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3.3.4 Second selection step: full article 

As a next step, the three reviewers screened a random selection of ten percent of records selected 

for full text screening in parallel. The disagreements were discussed and a second round of screening 

by the three reviewers was done. By then, consistency reached nearly 100% and the remaining 

articles were divided among them for full text screening. 

 

3.4 Data extraction and risk of bias assessment 

The papers included after full text screening were categorized for analysis by research question. Data 

regarding the characteristics of included studies, such as participants, interventions (including 

comparators) and outcomes from relevant papers, was registered on a data extraction form, in order 

to facilitate extracting data from primary studies and subsequent data analysis. Different study-arms 

within the same study were always extracted separately. For the papers included for safety analyses, 

we based our assessment of the likelihood of an association between the reported SAE and RCV on 

the conclusions of the authors, RCV associated SAE and SAE for which the relation with RCV was not 

assessed by the authors were included, SAE that were not associated with RCV according to the 

authors were excluded. Only for the case reports we assessed the likelihood of causality ourselves as 

well. For this assessment, we took into account the time since vaccination at onset of symptoms 

(considering the incubation period of rubella), the presence of microbiological/serological evidence 

of rubella virus involvement, and the absence of other possible explanations for the occurrence of 

the SAE. 

Risk of bias across studies was assessed using the approach outlined by the GRADE working group 

(9).  

 

3.5 Data analyses 

For immunogenicity and vaccine efficacy/effectiveness, random effects meta-analyses were 

performed in Stata SE 15 to generate pooled estimates of the proportion seroconverting after RCV1, 

the proportion seropositive after RCV2 (using metaprop command with Freeman-Tukey 

transformation) and the vaccine effectiveness of RCV1 (using metan command with efficacy option). 

For vaccine effectiveness we pooled results of studies included in the previous literature review 

(published <2011) and an additional study found through snowballing, because this had not been 

done before and no new studies on the vaccine effectiveness of the RA 27/3 strain were found. 
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Forest plots were stratified to explore the effect of type of RCV, age at administration and co-

administration with other vaccines on seroconversion rates. Heterogeneity between studies was 

explored using the I2-statistic.  

For duration of protection, data from relevant studies were summarized in a descriptive way and 

where appropriate, GMT ratios were calculated to describe the average decline in GMT over time. 

For safety, RCTs were screened for data on solicited and passive reporting of any SAE (including 

febrile convulsions, arthritis and thrombocytopenic purpura). Epidemiological/observational studies 

and passive surveillance studies that did not focus on a particular, pre-defined adverse event but 

covered any SAE, were summarized for the occurrence of rare or uncommonly reported SAEs. From 

case reports the likelihood of a true association between RCV and the SAE reported was assessed. 

For safety of RCV administration during pregnancy, results from relevant studies were summarized, 

taking into account whether rubella-susceptibility of (accidently) immunized pregnant women was 

appraised. 

A classification of the evidence was made according to GRADE criteria and synthesised into GRADE 

tables.  
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4 Results of the literature search 

The literature search carried out on 17 May 2019 yielded a total of 915 references (Figure 1). A total 

of 98 studies were included in the review. 
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4.1 PRISMA flow chart 

Figure 1: Flow chart of the literature search with excluded and included articles, and number of 
studies according to outcome measure*  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

*Data were extracted from some studies for multiple outcomes 
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5 Results by outcomes 

5.1 Immunogenicity 

5.1.1 Seroconversion after RCV1 

Our meta-analysis, based on 55 observations from 26 studies (10-35), showed that 99% (95% 

confidence interval (CI): 98-99%) of children aged between 9 and 18 months seroconvert after 

administration of RCV1 containing the RA 27/3 rubella strain (Figure 2). Heterogeneity between types 

of RCV was statistically significant, but the lowest point estimate (which was for MR vaccine; 96% 

seroconversion) was based on only one study. As shown in Figure 3, co-administration with other 

vaccines did not affect seroconversion after RCV1 in children. 

Based on three observational studies, seroconversion of adolescent girls after RCV1 administration 

containing RA 27/3 strain is 100% (Figure 4) (36-38). No studies were found presenting 

seroconversion after RCV1 in adults.  

 

5.1.2 Seropositivity after RCV2 

After a second dose of RCV (RCV2), 100% seropositivity was achieved in children (95% CI: 99-100%, see 

Figure 5). This estimate was based on 19 observations from 9 studies with children aged between 12 

months and 6 years at administration of RCV2 (21, 26, 33, 34, 39-43). 

 

5.1.3 Seroconversion after RCV1 administered <9 months of age 

Only two studies were found in which RCV1 was administered before the age of 9 months (44, 45). 

Both studies were conducted in China and administered BRDII vaccine strain at the age of 8 months. 

Li et al. (44) presented seroconversion after MR administration at the age of 8 months with and 

without co-administration of Japanese Encephalitis vaccine (LJEV) in China. Of 507 infants, 477 (94%) 

seroconverted for rubella when MR was co-administered with LJEV, and of 506 infants receiving only 

MR, 471 seroconverted (93%) seroconverted. He et al. (45) compared immunogenicity of MMR when 

administered at 8 or 12 months of age. Of 8 month-old infants, 127/139 (91%) seroconverted, 

compared to 128/139 (92%) of 12 month-olds. After administration of a second RCV dose 10 months 

post-RCV1, both groups showed 100% seropositivity. Based on these two studies, seroconversion 

after RCV1 (BRDII strain) in children of 8 months of age is 93% (95% CI: 92-95%) (Figure 6). 
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Figure 2. Random effects meta-analysis of percentage seroconverted after RCV1 containing RA 27/3 

strain in children, by type of RCV 
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Figure 3. Random effects meta-analysis of percentage seroconverted after RCV1 containing RA 

27/3 strain in children, by co-administration with another vaccine (yes/no) 
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Figure 4. Random effects meta-analysis of percentage seroconverted after RCV1 containing RA 

27/3 strain in adolescent girls
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Figure 5. Random effects meta-analysis of percentage seropositive after RCV2 containing RA 27/3 

strain in children 
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Figure 6. Random effects meta-analysis of percentage seroconverted after RCV1 administration at 8 

months of age 
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5.1.4 Duration of protection 

Seven studies (one RCT (20) and six observational studies (40, 46-50)) described seropositivity 

between 1 and 20 years after a single dose of RCV. Six studies described seropositivity 1-20 years 

after two RCV doses (three RCTs (51-53) and three observational studies (54-56)). In the 

observational studies (mainly seroprevalence studies), confirmation of vaccine administration was 

usually obtained from vaccination cards, and pre-vaccination sampling (to exclude children who were 

already seropositive due to natural exposure) was generally not available in these studies. A 

summary of these studies is presented in Table 5. From three RCTs, the decline in GMTs in the first 1-

3 years after RCV2 could be calculated (41, 51, 52). 

5.1.4.1 Duration of protection after a single dose of RCV 

One year after a single dose of RCV administered between 12 and 60 months of age, seropositivity 

was between 99.5% and 100% in studies by Huang et al (2014) and Okafuji et al (2016), the latter 

using Takahashi rubella strain and showing 100% seropositivity up to 10 years post-RCV1 (20, 46). 

100% seropositivity was also observed two years after RCV1 administered at 11-16 months of age, in 

a Finnish study (49). In longer term, Shoho et al (2018) found seropositivity rates between 98% and 

100% 3-20 years after RCV1 administered at respectively 1 or 12-13 years of age (48). Paulke –

Korinek et al (2011) observed 54% seropositivity 4.2 years after RCV1 administered at 1.8 years of 

age, using haemagglutination tests (47). However, the authors concluded that their cut-off value 

(1:32) might have been too strict and when they changed to a cut-off value of 1:16, over 90% of 

children reached seropositivity. In the seroprevalence study by Gomber et al (2011), seropositivity of 

76% was found almost 3.5 years after RCV1 (MMR1) administered between 15 and 18 months of age 

(40). In this study, that was designed to assess the seroprotection after a single dose and study the 

immune response to a second dose of MMR, seropositivity against measles was as low as 20.4% 

(mumps 87.4%) after MMR1, raising questions about the potency of vaccine used. Proof of having 

received MMR1 was obtained from vaccination cards. The seropositivity increased to 72.6% for 

measles and 100% for rubella and mumps after MMR2 among the 84 children included in the study.  

Linder et al (2011) observed 91.6% seropositivity in children 3-4 years after MMR1 at the age of 1 

year (50). 

5.1.4.2 Duration of protection after 2 doses of RCV 

The two RCTs by Díaz-Ortega et al. (2010 and 2017) comparing RCV administration by injection or 

aerosol, showed 100% seropositivity 1 year post RCV2 administered at age 6-7 years or 18-25 years, 

both for injection and aerosol (51, 52). In an observational study from Portugal, seropositivity 10 

years after a second dose of RCV administered at 10-11 years of age was 88%, and 6 and 13 years 
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after RCV2 administered at 6 years of age 88% and 90% respectively (in two different study 

populations) (54). In a 12-year follow-up period after RCV2 administered at 4-6 years of age, 3.7% of 

individuals seroconverted to negative (after at least one previous positive sample post vaccination) 

(56). In the study by McLean et al (2018), 98.2% of individuals were seropositive after a median of 

15.6 years post MMR2 (53). The study with the longest follow-up period after two doses of RCV by 

Kontio et al (2012), including Finnish children who received MMR1 at age 14-18 months and MMR2 

at 6 years of age. They reported that 100% of children had detectable antibodies after 20 years, but 

24% had antibody concentrations below 10 IU/ml (measured by ELISA). The authors also analysed 

the mean avidity index over time and this did not change over the 20-year period (55). There is a lack 

of knowledge on the relation between the evolution of the avidity index over time and the risk of 

(re)infection. Although high antibody avidity might indicate better protection against disease, the 

influence of time since vaccination on this relation is unclear (55, 57). 

5.1.4.3 Duration of protection: GMT decline 

From the two RCTs by Díaz-Ortega et al (2010 and 2017) the mean decline in GMT could be 

calculated in the first year after RCV2 administered at 6-7 years or 18-25 years of age: GMT ratios of 

0.61 and 0.81 respectively in the study arms where RCV2 was administered by injection (51, 52). The 

average decline in GMT was 0.79 per year in the first three years after RCV2 in a RCT where MMRV 

administration was compared to administration of MMR+V (first dose at 12-18 months, second dose 

at 42-56 months) (41). Finally, Kontio et al. (2012) reported a GMT decline of 65% over a 20-year 

period post RCV2 (whereas the avidity index remained unchanged) (55). 
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Table 5. Summary of studies included in evaluation of duration of protection (seropositivity) of one or two doses of RCV 

Study Study design Country Number of 
RCV doses 
relevant 
for 
duration of 
protection
@ 

Age at vaccination Post-
vaccination 
sample taken 
(to confirm 
sero-
conversion 
shortly after 
vaccination)? 

Time 
between 
vaccination 
and follow-
up sample 

Test and cut-
off value used 
for 
seropositivity 

Proportion seropositive (n/N)* 

Huang (2014) 
(20) 

RCT Taiwan 1 13 months Yes 1 year ELISA; 

≥10 IU/mL 

99.5% (90/91), 100% 
(174/174) and 100% (203/203) 
in different study-arms (with 
and without JECV) 

Okafuji (2016) 
(46) 

Seroprevalence 
study 

Japan 1$ 1-5 years No 1-10 years HAI; 

1:8 

100% (276/276) 

Kontio (2016) 
(49) 

Seroprevalence 
study 

Finland 1 Group 1: 11-13 months 

Group 2: 14-16 months  

Group 3: 17-19 months 

No 2 years ELISA; 

≥7 IU/mL 

Group 1: 100% (85/85) 

Group 2: 100% (32/32) 

Group 3: 100% (70/70) 

Shoho (2018) 
(48) 

Seroprevalence 
study 

Japan 1 or 2& Group 1: RCV1 at 1 year 

Group 2: RCV1 at 12-13 years 

Group 3: RCV1 at 1 year and 
RCV2 at 12-13 years 

No At age 15-22 
years 

HAI; 

1:8  

Group 1: 98% (82/84) 

Group 2: 100% (36/36) 

Group 3: 99% (715/719) 

Paulke-
Korinek 
(2011) (47) 

Seroprevalence 
study 

Austria 1 or 2 Group 1: RCV1 at 1.8 years 

Group 2: RCV1 at 1.4 years and 
RCV2 at 2.1 years 

No Resp.  4.2 
years and 
3.7 years 

HAI; 

1:32 

Group 1: 53.7% (29/54) at HAI 
cut-off 1:32 

Group 2: 63.8% (185/290) at 
HAI cut-off 1:32 

At HAI cut-off of 1:16 90% of 
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both groups reached 
seroprotection 

Gomber 
(2011) (40) 

Intervention study 
(immunogenicity of 
MMR2) with 
seroprevalence 
after MMR1 

India 1 15-18 months No 3.4 years ELISA; 

≥15 IU/mL 

75.7% (78/103) 

Linder (2011) 
(50) 

Seroprevalence 
study 

Israel 1& 1 year No 3-4 years ELISA; 

≥15 IU/mL 

91.6% (186/203) 

Díaz-Ortega 
(2010) (52) 

RCT Mexico 2 18-25 years Yes 1 year ELISA; 

≥10 IU/mL 

100% (95/95) of individuals in 
aerosol study-arm; 100% 
(96/96 and 92/92) of 
individuals in two injection 
study-arms 

Díaz-Ortega 
(2017) (51) 

RCT Mexico 2 6-7 years Yes 1 year ELISA; 

≥10 IU/mL 

100% (123/123) of individuals 
in injection study-arm; 100% 
(118/118) of individuals in 
aerosol study-arm 

Gonçalves 
(2016) (54) 

Seroprevalence 
study 

Portugal 2 Group 1: 6 years 

Group 2: 10-11 years 

No 5.8 years 
(group 1a), 
12.9 years 
(group 1b), 
9.6 years 
(group 2) 

ELISA; 

sero-
negativity 
defined as  <8 
IU/ml 

Group 1a: 87.8% (36/41) 

Group 1b: 90% (53/59) 

Group 2: 87.9% (58/66) 

Seagle (2018) 
(56) 

Seroprevalence 
follow-up study 

USA 2& 4-6 years Yes 12 years Plaque 
reduction 
neutralization 
test; 

titers of ≥10 

96.3% (291/302) 

McLean RCT USA 2& 4-6 years Yes 15.6 years Plaque 
reduction 

98.2% (667/679) 
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(2018) (53) (3rd dose 
given in 
this study) 

neutralization 
test; 

titers of ≥10 
U/mL 

Kontio (2012) 
(55) 

Seroprevalence 
follow-up study 

Finland 2 6 years No 6 months to 
20 years 

ELISA; 

Cut-off not 
mentioned 
(“measurable 
antibodies”) 

100% (71/71 and 48/48) 

* Seropositivity as defined by the authors 

@ RA 27/3 strain used unless specified otherwise: & rubella strain unknown; $ Takahashi strain 
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5.2 Vaccine efficacy and effectiveness 

5.2.1 Vaccine efficacy 

No studies assessing vaccine efficacy of RCV were identified. 

5.2.2 Vaccine effectiveness 

Our search retrieved only one eligible study published since 2010 to estimate the vaccine effectiveness 

(VE) of RCV1. This study by Xu et al (2013) found a VE of 100% after one or two RCV doses containing 

the BRDII rubella strain (58). 

No recent studies on the VE of RA 27/3 strain were found. VE studies of RA 27/3 strain from before 

2010 were identified via the 2011 WHO rubella position paper and snowballing, which yielded four 

studies eligible for meta-analysis (59-62). The pooled VE estimate for RA 27/3 strain (one or two doses) 

against rubella was 97% (95% CI: 92-99%, see Figure 7). 

Figure 7. Random effects meta-analysis of vaccine effectiveness of RCV containing RA 27/3 from 

studies before 2010  
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5.3 Safety 

We analysed a variety of papers that studied safety of RCV: 40 RCTs (10-26, 28-31, 33-35, 39, 42, 43, 

63-75), 6 observational studies (76-81), 9 passive surveillance studies (82-90) and 16 case reports 

(91-106), reporting on severe adverse events (SAEs) after one or two doses of RCV; in some studies 

co-administered with other vaccines. In one passive surveillance study, follow-up was done on 

reports of unintentional administration of RCV in pregnancy (89). Two follow-up studies were also 

included for safety analysis of RCV in pregnancy (107, 108).  

5.3.1 Severe Adverse Events 

In total, 34,332 persons participated in the 40 RCTs included for safety analysis of RCV; 33,421 

children and 911 adults. After exclusion of severe adverse events (SAE) not associated with RCV 

according to the authors, among the 911 adults, no SAEs were reported (63); among the 33,421 

children, 140 SAEs were reported, including 25 febrile convulsions (0.07% of children), 4 cases of 

idiopathic thrombocytopenic purpura (0.01%), 1 juvenile idiopathic arthritis, 1 hospitalisation for 

pyrexia, 1 atypical Kawasaki disease, 1 encephalitis of viral origin, 1 inguinal adenitis, 1 autism, 1 

grade 3 parotid/salivary gland swelling, 1 anorexia, 1 ataxia, 2 papular/vesicular rashes including 1 

bacterial superinfection, 1 peritonsillar abscess, 1 perineal abscess and 1 pneumonia (10, 11, 18-20, 

24, 25, 28, 31, 64, 65, 67, 69, 70, 73, 75). The remaining 97 SAEs were not specified (24, 65), although 

Lum et al. (2010) provided a summary of the most frequently reported SAEs among the 62 

unspecified SAEs in their study: “gastroenteritis, convulsions, bronchospasms, pneumonia, 

pharyngitis and fever” (24). For most of the 140 SAEs insufficient information was available to assess 

the likelihood of a true association with RCV. No deaths or life-long disabilities that could possibly be 

related to RCV according to the authors, were reported in any of these studies. The follow-up period 

generally ranged from a few days post vaccination to a maximum of six months. 

Among the six observational studies included for the safety analysis after one, two or three doses of 

RCV, there was 1 case-control study on postpartum administration of RCV (78) and five follow-up 

studies (76, 77, 79-81). No SAEs were observed among 13,017 children and 163 adults included in 

these studies where participants (or their parents) were invited to report any adverse events (partly 

solicited, partly unsolicited) during a follow-up period lasting from 15 minutes to four weeks post 

vaccination. The case-control study by Finale et al (2017) did not show an increased risk of arthralgia 

in 163 women who were vaccinated with RCV compared to 163 women not vaccinated (78).  

Eight passive surveillance studies did not reveal any uncommon, unknown SAEs after RCV 

administered to children < 9 months of age (90), children > 9 months of age (82, 84-88) or adults (89). 
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The study of Cunha et al. (2013) reported one “other serious and/or unusual event” after RCV, but 

this event was not further specified and its likelihood of association with RCV not investigated (83). 

Finally, we examined 16 case reports of SAEs that could be related to RCV according to the authors 

(91-106). The association with the rubella component of the vaccine administered (usually MMR) 

was assessed as unlikely by our study team in four case studies (Table 6) (92, 94, 103, 106). From the 

remaining nine case reports, the association with RCV was assessed as possible (no other explanation 

found that could explain the symptoms and symptoms occurring within the incubation period of 

rubella) (91, 95, 97-100, 102, 104, 105). In three case-reports additional evidence supporting a 

probable association of the reported SAE with RCV (93, 96, 101). Okazaki et al. (2011) described a 

case of vaccine-induced thrombocytopenic purpura in a 15-months old girl 12 days after vaccination 

with MMRV in Japan. Platelet-binding antibodies against both measles and rubella (measles>rubella) 

were detected (101). Ferrini et al (2013) reported on a case of unilateral anterior uveitis and cataract 

in a 12-months old girl three months after MMR1 vaccination in Switzerland (93). She received 

MMR2 four days after the onset of symptoms. The investigators detected intraocular rubella 

antibodies , in higher concentrations in the affected than in the unaffected eye. Gualberto et al. 

(2013) describe a 31-year old, previously healthy, Brazilian man who developed fulminant 

encephalitis 10 days after MR vaccination. At post-mortem examination, vaccine-strain rubella virus 

was found in large concentrations in his brain as well as in the cerebrovascular fluid (by PCR and 

culture) (96). 

 

Table 6. Severe adverse events reported in 16 case reports and the likelihood of association with 

RCV 

Case-report Reported SAE Likelihood of 
association as 
assessed by 
reviewers 

Remarks 

Yu, 2018 (106) Eosinophilic cellulitis Unlikely Onset of symptoms 10 days after 
tetanus, diphtheria, pertussis, polio, 
hepatitis A/B and MMR vaccination. 
Allergy testing showed triggering of this 
skin reaction by neomycin and 
aluminium hydroxide present in 
respectively 3 and 2 of the 
administered vaccines. 

Sanz, 2012 Chronic 
inflammatory 

Unlikely Onset of symptoms four months after 
rubella vaccination and one month 
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(103) demyelinating 
polyradiculo-
neuropathy and 
systemic lupus 
erythematosus 

after autoimmune thyroiditis, in a 28-
year old woman; no hypothesis on 
association with RCV mentioned by 
authors. 

Cheng, 2012 
(92) 

Recurrent 6th nerve 
palsy 

Unlikely First episode of temporary 6th nerve 
palsy after MMR vaccination, 2nd 
episode after varicella vaccination; 
hence not likely to be specifically 
related to the rubella component of the 
vaccine. 

Gál, 2016 (94) Pneumococcal 
pneumonia 

Unlikely Onset of symptoms 24 hours after 
MMR vaccination in a 58-year old 
woman. According to authors possibly 
due to immunosuppressive effects of 
measles virus 

Naciri Bennan, 
2011 (100) 

Pityriasis rubra 
pilaris 

Possibly Onset of symptoms two weeks after 
MMR vaccination in a 17-month old 
child 

Gunatheesan, 
2012 (97) 

Pityriasis lichenoides 
et varioliformis acuta 

Possibly Onset of symptoms 10 days after 
MMR1 in a 8-year old girl 

Gils-Bistes, 
2012 (95) 

Chronic pityriasis 
lichenoids 

Possibly Onset of symptoms 10 days after 
MMR2 in a 5-year old boy 

Kuniyoshi, 2017 
(98) 

Acute bilateral 
photoreceptor 
degeneration 

Possibly Onset of symptoms 31 days after Hib 
and pneumococcal vaccination and 
24days after MMR vaccination in a 13-
months old boy 

Verna, 2017 
(105) 

Pancreatic 
pseudocyst 

Possibly Onset of symptoms shortly after (“ever 
since”) MMR vaccination, in a 15-
months old boy 

Binamer, 2015 
(91) 

Acute hemorrhagic 
edema of infancy 

Possibly Onset of symptoms two weeks after 
MMR, in a two-year old boy 

Owatanapanich, 
2014 (102) 

Thrombocytopenic 
purpura 

Possibly 10-months old boy who had received 
MMR vaccination 8 days prior to 
hospital admission 

Manzotti, 2010 
(99) 

3rd nerve palsy Possibly Onset of symptoms 20 days after MMR 
vaccination in a 20-month old boy 

Shuper, 2010 
(104) 

Encephalitis  Possibly Two cases: 13-months old girl who 
developed high fever 1 day after MMRV 
and seizures 6 days later; a 2-year old 
boy who developed symptoms 5 days 
after MMR vaccination after which he 
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developed neurological symptoms 
(historical case) 

Ferrini, 2013 
(93) 

Unilateral anterior 
uveitis and cataract 

Probably Onset of symptoms in a 12-months old 
girl, 3 months after MMR1; rubella 
antibodies detected intraocular  

Okazaki, 2011 
(101) 

Vaccine-induces 
thrombocytopenic 
purpura 

Probably Onset of symptoms 12 days after 
sequential administration of MR, 
varicella and mumps vaccination with 
intervals of 4 weeks. Platelet-binding 
anti-rubella and anti-measles 
antibodies detected 

Gualberto, 2013 
(96) 

Fulminant 
encephalitis 

Definitely Onset of symptoms 10 days after MR 
vaccination in a 31-year old previously 
healthy man. Vaccine strain rubella 
found in his brain at post mortem 
examination by PCR and culture. 

 

5.3.2 Safety of RCV administered in pregnancy 

Castillo-Solórzano et al (2011) provide an overview of outcomes of pregnancies of 2,894 rubella-

susceptible women who were accidentally vaccinated against rubella during one of the rubella mass 

vaccination campaigns between 2001 and 2008 in the Americas (Costa Rica, Brazil, El Salvador, 

Ecuador, Paraguay, Argentina): no CRS cases were observed (except for one, but this case was shown 

to be due to wild-type rubella virus) (107). Among 1,980 children of these women who were 

followed-up, 70 cases (3.5%) of congenital rubella infection (CRI) were detected, but none of them 

developed congenital rubella-like symptoms. In a much smaller study by Ergenoğlu et al (2012), 62 

Turkish women were followed after accidental rubella vaccination during pregnancy (first trimester): 

no CRS cases were observed. However, rubella susceptibility before vaccination was probably limited 

in these women, since all women were IgG positive with high avidity after vaccination (108). The 

passive surveillance report by Sukumaran et al (2015), using the Vaccine Adverse Event Reporting 

System (VAERS) of the USA, presented 131 cases of RCV administration in pregnancy between 

January and July 2013, that were followed-up. One child was born with multiple congenital anomalies 

not typical for CRS (anorectal anomalies and hydrocephalus), one other child developed meningitis at 

three weeks of age (89).  
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6 GRADE quality of evidence found 

The evidence on immunogenicity of RCV1 and RCV2 in infants and children was mainly from RCTs. 

Therefore, our confidence in the evidence for seroconversion after RCV1 and seropositivity after 

RCV2 in children for RA 27/3 strain is high. The consistency and strength of the effect lend additional 

confidence to the pooled estimates. The evidence on seroconversion in adolescent girls as well as on 

the duration of protection was mainly from observational studies and hence, of lower quality. Our 

confidence in the evidence on vaccine effectiveness is limited as it comes from observational studies 

which lacked laboratory confirmation. The outcomes on safety were considered of moderate quality 

since they were based on both RCTs and observational studies and the assessment (by the authors) 

of the likelihood of causality of a reported SAE with RCV was unclear in most studies. Detailed results 

of GRADE risk of bias and quality of evidence assessments can be found in Appendix C.  
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7 Discussion 

With this systematic literature review and meta-analyses, we analysed the evidence available since 

2010 on the immunogenicity, duration of protection, vaccine effectiveness and safety of one and two 

doses of RCV, in order to update the WHO rubella vaccine position paper. Seroconversion of a single 

dose of RCV (RA27/3 strain) was 99% in children and 100% in adolescent girls in our meta-analysis of 

the available evidence; seropositivity following two doses of RCV (RA 27/3 strain) was 100% in 

children. To our knowledge, no meta-analysis has been done before on immunogenicity data of RCV. 

The seroconversion in our meta-analysis  after a single dose of RCV is comparable to the 

seroconversion rates reported in the current WHO rubella position paper (95-100%) (1). Moreover, 

our results confirm that the type of RCV (RA 27/3 strain) and/or co-administration of RCV with other 

vaccines does not affect seroconversion. The high seroconversion of a single RCV dose indicates a 

second dose is not needed. However, since RCV is generally administered in a combination with (at 

least) measles vaccine, the dosing scheme usually follows the requirements for MCV which is to 

include a second routine dose (3).  

In countries with ongoing transmission of measles, the first MCV dose is recommended to be 

administered at 9 months of age, and in specific situations such as an outbreak, an additional dose of 

MCV (MCV0) should be given at the age of 6 months  (4). Measles immunogenicity is known to be 

lower after administration at 6 months of age (4), we therefore also searched for studies that 

assessed the immunogenicity of RCV administered below 9 months of age. The two studies included 

for this purpose, showed a seroconversion of 93% when a single RCV dose (BRDII strain) was 

administered at 8 months of age. However, the study in which 139 children receiving RCV1 at 12 

months were included as a comparison showed a comparable seroconversion (92%) in that group. 

There is insufficient data comparing RCV containing the same strain below 9 months of age with 

older age to draw conclusions on the effect of early administration on seroconversion. Studies on 

seroconversion after administration of RA 27/3 RCV between 6 and 12 months of age are needed. 

Seroconversion after BRDII strain vaccine seems lower than after RA 27/3 strain at the age of 9 

months or older but this is based on only the one study mentioned above.      

In most studies included in this literature review and assessed for duration of protection, 88-100% of 

participants were (still) seropositive 1-20 years after one or two doses of RCV. In the 2011 WHO 

rubella vaccine position paper persistent seropositivity ≥95% was reported 10-21 years following a 

single RCV (RA 27/3 strain) dose. The studies that we included varied in quality; particularly the 

seroprevalence studies that lacked confirmation of seroconversion after initial vaccination and were 

conducted in countries where rubella virus is still circulating (such as India and Japan (109)) may have 
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affected the actual seropositivity due to vaccination at the longer term (as natural infection could not 

be excluded in these studies). The studies with over 10 years follow up from regions where rubella 

has been eliminated showed persistent seropositivity of ≥95% (53, 56).  

We did not find any new evidence on the vaccine efficacy of RCV in studies published since 2010, and 

only one study on vaccine effectiveness of RCV (100% effectiveness of one and two doses RCV 

containing the BRDII strain). Since a meta-analysis of vaccine effectiveness results from studies 

published before 2010 was not done before, we decided to do this based on the studies included in 

the current WHO rubella vaccine position paper and an additional study found through snowballing. 

It resulted in a pooled estimate of 97% vaccine effectiveness (of RA 27/3 strain containing RCV). This 

corresponds to the vaccine effectiveness estimates described in the current vaccine position paper 

(95-100%). 

For safety of RCV, we limited our analysis to a description of severe adverse events (SAEs, including 

febrile convulsions, thrombocytopenic purpura, arthritis and SAEs as defined in the studies) that 

were at least possibly related to RCV according to the authors of these studies. Generally, the risk of 

SAEs following one or two doses of RCV was very small. Several studies pointed towards a higher risk 

of febrile convulsions after MMRV than after MMR vaccination. Since the focus of our review was not 

on varicella-containing vaccines, this effect should be further reviewed. We did not find any evidence 

supporting the hypothesis that RCV increases the risk of arthralgia and arthritis in female adults. 

Among the 16 case reports included in this review, the only one with a definite association between 

RCV and the SAE reported was a case report on a previously healthy, 31-year old man who died of 

fulminant encephalitis. Although we came across neurological adverse events (such as encephalitis, 

nerve palsies, ataxia) described in association with RCV in other studies as well, this case report is the 

only study we found to prove an association between encephalitis and RCV with vaccine type rubella 

virus being isolated from CSF and brain tissue (post mortem). 

Although the administration of live-attenuated vaccines is contra-indicated in pregnancy, it 

sometimes is accidentally given to pregnant women. This happened in almost 3,000 rubella 

susceptible women who were vaccinated during the mass vaccination campaigns in Latin America 

between 2001 and 2008. The studies summarizing the outcomes of follow-up of these women, did 

not report the occurrence of any case of CRS or other SAE that could be related to vaccination. This 

finding was confirmed in studies from other parts of the world as well. Thus, inadvertent RCV 

administration in pregnancy seems safe and no indications are found that it should be a reason for 

pregnancy termination.  

 



38 
 

8 Conclusions 

Our literature review on the immunogenicity, duration of protection, vaccine effectiveness and 

safety of RCV largely confirmed the evidence that is presented in the current WHO rubella vaccine 

position paper, dating from 2011. Single and two doses of RCV are highly immunogenic for a long 

period of time, they are effective in preventing rubella and CRS, and they are safe to administer.  
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Appendix A: Databases used for literature search 
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Primary: databases for biomedicine and health sciences 

• EMBASE  
• Scopus  
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Appendix B: Database search strategy 

1 Embase.com search strategy 

Date of search:  14 May 2019 

Set Search terms # records 

#1 rubella vaccine'/exp/mj OR (rcv:ti NOT ('reference change value':ti,ab OR 
'reversible cerebral vasoconstriction':ti,ab OR 'rabbit calicivirus':ti,ab OR 'red cell 
volume':ti,ab OR 'recombinant contraceptive vaccinogen':ti,ab OR 'rat 
coronavirus':ti,ab)) OR (mr:ti AND rubella*:ti,ab) OR (mmr:ti NOT ('molecular 
medicine reports':ti,ab OR 'mismatch repair':ti,ab OR 'maternal mortality 
ratio':ti,ab OR 'major molecular response':ti,ab)) OR mmrv:ti OR 'chickenpox 
measles mumps rubella vaccine'/exp/mj 

2,893 

#2 'measles mumps rubella vaccine'/exp/mj 2,193 

#3 'mumps rubella vaccine'/exp/mj 1 

#4 'measles rubella vaccine'/exp/mj 51 

#5 ((rubella* NEAR/2 vaccin*):ti) OR ((rubella* NEAR/2 immunizat*):ti) OR 
((rubella* NEAR/2 immunisat*):ti) 

1,971 

#6 #1 OR #2 OR #3 OR #4 OR #5 5,074 

#7 (#1 OR #2 OR #3 OR #4 OR #5) AND [2010-2019]/py 1,191 

#8 (#1 OR #2 OR #3 OR #4 OR #5) AND [2010-2019]/py AND [humans]/lim 1,055 

#9 (#1 OR #2 OR #3 OR #4 OR #5) AND [2010-2019]/py AND [animals]/lim 49 

#10 #7 NOT #9 1,142 

#11 #8 OR #10 1,162 

#12 #11 AND ('conference abstract'/it OR 'conference paper'/it OR 'editorial'/it OR 
'erratum'/it OR 'note'/it OR 'short survey'/it) 

262 

#13 #11 NOT #12 900 

#14 rubella*:ti,ab OR 'ra27/3':ti,ab OR 'takahashi*':ti,ab OR 'matsuura*':ti,ab OR 'to-
336':ti,ab 

16,031 

#15 #13 AND #14 650 
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#17 'rubella vaccine'/exp OR (rcv:ti,ab NOT ('reference change value':ti,ab OR 
'reversible cerebral vasoconstriction':ti,ab OR 'rabbit calicivirus':ti,ab OR 'red cell 
volume':ti,ab OR 'recombinant contraceptive vaccinogen':ti,ab OR 'rat 
coronavirus':ti,ab)) OR (mr:ti,ab AND rubella*:ti,ab) OR (mmr:ti,ab NOT 
('molecular medicine reports':ti,ab OR 'mismatch repair':ti,ab OR 'maternal 
mortality ratio':ti,ab OR 'major molecular response':ti,ab)) OR mmrv:ti,ab OR 
'chickenpox measles mumps rubella vaccine'/exp 

10,151 

#18 'measles mumps rubella vaccine'/exp 6,856 

#19 'mumps rubella vaccine'/exp 25 

#20 'measles rubella vaccine'/exp 182 

#21 ((rubella* NEAR/2 vaccin*):ti,ab) OR ((rubella* NEAR/2 immunizat*):ti,ab) OR 
((rubella* NEAR/2 immunisat*):ti,ab) 

4,202 

#22 #17 OR #18 OR #19 OR #20 OR #21 15,524 

#23 (#17 OR #18 OR #19 OR #20 OR #21) AND [2010-2019]/py 6,982 

#24 (#17 OR #18 OR #19 OR #20 OR #21) AND [2010-2019]/py AND [humans]/lim 6,213 

#25 (#17 OR #18 OR #19 OR #20 OR #21) AND [2010-2019]/py AND [animals]/lim 477 

#26 #23 NOT #25 6,505 

#27 #24 OR #26 6,699 

#28 #27 AND ('conference abstract'/it OR 'conference paper'/it OR 'editorial'/it OR 
'erratum'/it  OR 'note'/it OR 'short survey'/it) 

2,575 

#29 #27 NOT #28 4,124 

#30 rubella*:ti,ab OR 'ra27/3':ti,ab OR 'takahashi*':ti,ab OR 'matsuura*':ti,ab OR 'to-
336':ti,ab 

16,031 

#31 #29 AND #30 1,586 

#32 #31 NOT #15 936 
   

#33 'immunogenicity'/exp/mj OR 'immunogen*':ti 25,350 

#34 'vaccine immunogenicity'/exp 1,641 

#35 'safety'/exp/mj OR safety*:ti OR safe:ti 239,097 

#36 'drug safety'/exp/mj OR 'adverse event'/exp/mj 237,430 

#37 'efficacy parameters'/exp 11,571 

#38 efficac*:ti OR effectiveness*:ti 336,616 

#39 'antibody'/exp/mj OR antibod*:ti 534,095 

#40 'immunology'/exp/mj OR immunolog*:ti 139,753 
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#41 'drug surveillance program'/exp/mj OR surveill*:ti 61,681 

#42 'immunological procedures'/exp/mj 165,632 

#43 #33 OR #34 OR #35 OR #36 OR #37 OR #38 OR #39 OR #40 OR #41 OR #42 1,570,701 

#44 #32 AND #43 196 
   

#45 #31 NOT (#15 OR #44) 740 

#46 rubella*:ti OR 'ra27/3':ti OR 'takahashi*':ti OR 'matsuura*':ti OR 'to-336':ti 9,010 

#47 'vaccine'/exp/mj OR vaccin*:ti 247,214 

#48 #45 AND #46 AND #47 25 

#49 #45 AND 'Review'/it 118 

#50 #48 OR #49 138 

#51 #15 OR #44 OR #48 OR #49 984 

#52 #51 AND ([dutch]/lim OR [english]/lim OR [french]/lim OR [german]/lim OR 
[portuguese]/lim OR [spanish]/lim) 

919 

#53 #51 NOT #52 65 

 

2 Scopus search strategy 

Date of search: 26 April 2019 

TITLE ( "rubella vaccin*" )  AND  ( LIMIT-TO ( PUBYEAR ,  2019 )  OR  LIMIT-

TO ( PUBYEAR ,  2018 )  OR  LIMIT-TO ( PUBYEAR ,  2017 )  OR  LIMIT-

TO ( PUBYEAR ,  2016 )  OR  LIMIT-TO ( PUBYEAR ,  2015 )  OR  LIMIT-

TO ( PUBYEAR ,  2014 )  OR  LIMIT-TO ( PUBYEAR ,  2013 )  OR  LIMIT-

TO ( PUBYEAR ,  2012 )  OR  LIMIT-TO ( PUBYEAR ,  2011 )  OR  LIMIT-

TO ( PUBYEAR ,  2010 ) )  AND  ( LIMIT-TO ( DOCTYPE ,  "ar" )  OR  LIMIT-

TO ( DOCTYPE ,  "re" ) )  AND  ( EXCLUDE ( SUBJAREA ,  "VETE" ) )  AND  ( EXCLUDE ( SUBJAREA ,  "AGRI

" )  OR  EXCLUDE ( SUBJAREA ,  "ENVI" )  OR  EXCLUDE ( SUBJAREA ,  "MATH" ) )  AND  ( LIMIT-

TO ( LANGUAGE ,  "English" )  OR  LIMIT-TO ( LANGUAGE ,  "French" )  OR  LIMIT-

TO ( LANGUAGE ,  "German" ) )  

N=130 
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TITLE ( "rubella vaccin*" )  AND  ( LIMIT-TO ( DOCTYPE ,  "ar" )  OR  LIMIT-

TO ( DOCTYPE ,  "re" ) )  AND  ( EXCLUDE ( SUBJAREA ,  "VETE" )  OR  EXCLUDE ( SUBJAREA ,  "AGRI" )  

OR  EXCLUDE ( SUBJAREA ,  "ENVI" )  OR  EXCLUDE ( SUBJAREA ,  "MATH" ) )  AND  ( LIMIT-

TO ( PUBYEAR ,  2019 )  OR  LIMIT-TO ( PUBYEAR ,  2018 )  OR  LIMIT-

TO ( PUBYEAR ,  2017 )  OR  LIMIT-TO ( PUBYEAR ,  2016 )  OR  LIMIT-

TO ( PUBYEAR ,  2015 )  OR  LIMIT-TO ( PUBYEAR ,  2014 )  OR  LIMIT-

TO ( PUBYEAR ,  2013 )  OR  LIMIT-TO ( PUBYEAR ,  2012 )  OR  LIMIT-

TO ( PUBYEAR ,  2011 )  OR  LIMIT-

TO ( PUBYEAR ,  2010 ) )  AND  ( EXCLUDE ( LANGUAGE ,  "English" )  OR  EXCLUDE ( LANGUAGE ,  "Fre

nch" )  OR  EXCLUDE ( LANGUAGE ,  "German" ) )  

N=17 
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Appendix C: GRADE tables 

1 Immunogenicity of RCV 

Table 1. Seroconversion after RCV1 in children > 9 months of age 
 

Policy question: What is the evidence on the immunogenicity of a single dose of RCV (RA27/3 strain) in 
children aged >9 months? 
 
 Rating Adjustment of score 

Q
ua

lit
y 

as
se

ss
m

en
t 

No of studies/Starting score 25 RCTs 
1 observational 
study 

4 

Factors 
decreasing 
confidence 

Limitation in study 
design 

None serious 0 

Inconsistency None serious 0 
Indirectness None serious 0 
Imprecision None serious 0 
Publication bias None serious 0 

Factors 
increasing 
confidence 

Large effect Applicable +1 
Dose-response Not applicable 0 
Mitigated bias and 
confounding 

Not applicable 0 

 
Final numerical score of quality of evidence 
 

 
4 

 

Su
m

m
ar

y 
of

 fi
nd

in
gs

 

 
 
Statement on quality of evidence 
 
 

Evidence supports a high level 
of confidence that the true 
effect lies close to that of the 
estimate of the effect on the 
health outcome 

 
 
Conclusion 
 
 

There is strong evidence that a 
single dose of RCV is highly 
immunogenic in children > 9 
months of age.1 Seroconversion 
after RCV1 (RA 27/3 strain) was 
99% (95% CI: 98%-99%). 

1 The children included in these RCTs were between 9 and 18 months when they received RCV1. 
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Table 2. Seroconversion after RCV1 in children < 9 months of age 
 

Policy question: What is the evidence on the immunogenicity of a single dose of RCV in children less 
than 9 months of age? 
 
 Rating Adjustment of score 

Q
ua

lit
y 

as
se

ss
m

en
t 

No of studies/Starting score 2 RCTs 4 

Factors 
decreasing 
confidence 

Limitation in study 
design 

None serious 0 

Inconsistency None serious 0 
Indirectness Serious1 -1 
Imprecision None serious 0 
Publication bias None serious 0 

Factors 
increasing 
confidence 

Large effect No 0 
Dose-response Not applicable 0 
Mitigated bias and 
confounding 

Not applicable 0 

 
Final numerical score of quality of evidence 
 

 
3 

 

Su
m

m
ar

y 
of

 fi
nd

in
gs

 

 
 
Statement on quality of evidence 
 
 

Evidence supports a moderate 
level of confidence that the 
true effect lies close to that of 
the estimate of the effect on 
the health outcome 

 
 
Conclusion 
 
 

There is little evidence of 
moderate quality on the 
immunogenicity of a single 
dose of RCV-BRDII strain in 
children < 9 months of age, but 
there is no evidence on the 
RA27/3 strain. 
Seroconversion after RCV1 
(BRDII strain) in children of 8 
months of age was 93% (95% 
CI: 92-95%).  

1 Only two studies available, both for the BRDII strain, and only one with a comparison arm of administration at 
12 months of age. 
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Table 3: Seroconversion after RCV1 (RA 27/3 strain) in adolescent girls 
 

Policy question: What is the evidence on the immunogenicity of a single dose of RCV in adolescent 
girls? 
 
 Rating Adjustment of score 

Q
ua

lit
y 

as
se

ss
m

en
t 

No of studies/Starting score 3 observational 
studies 

2 

Factors 
decreasing 
confidence 

Limitation in study 
design 

None serious 0 

Inconsistency None serious 0 
Indirectness None serious 0 
Imprecision None serious 0 
Publication bias None serious 0 

Factors 
increasing 
confidence 

Large effect Applicable +1 
Dose-response Not applicable 0 
Mitigated bias and 
confounding 

Not applicable 0 

 
Final numerical score of quality of evidence 
 

 
3 

 

Su
m

m
ar

y 
of

 fi
nd

in
gs

 

 
 
Statement on quality of evidence 
 
 

Evidence supports a moderate 
level of confidence that the 
true effect lies close to that of 
the estimate of the effect on 
the health outcome.  

 
 
Conclusion 
 
 

We are moderately confident 
that the immunogenicity of a 
single dose of RCV is very high 
in adolescent girls. 
Seroconversion after RCV1 (RA 
27/3 strain) was 100% (100%-
100%) in adolescent girls. 
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Table 4: Seropositivity after RCV2 (RA 27/3) in children 
 

Policy question: What is the evidence on the immunogenicity of a second dose of RCV in children? 
 
 Rating Adjustment of score 

Q
ua

lit
y 

as
se

ss
m

en
t 

No of studies/Starting score 9 RCTs 4 

Factors 
decreasing 
confidence 

Limitation in study 
design 

None serious 0 

Inconsistency None serious 0 
Indirectness None serious 0 
Imprecision None serious 0 
Publication bias None serious 0 

Factors 
increasing 
confidence 

Large effect Applicable +1 
Dose-response Not applicable 0 
Mitigated bias and 
confounding 

Not applicable 0 

 
Final numerical score of quality of evidence 
 

 
4 

 

Su
m

m
ar

y 
of

 fi
nd

in
gs

 

 
 
Statement on quality of evidence 
 
 

Evidence supports a high level 
of confidence that the true 
effect lies close to that of the 
estimate of the effect on the 
health outcome. 

 
 
Conclusion 
 
 

There is strong evidence that 
RCV2 administration in children 
is highly immunogenic.  
Seropositivity after RCV2 (RA 
27/3 strain) was 100% (99%-
100%). 
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2 Duration of protection 

Table 5. Duration of protection after one or two doses of RCV 
 

Policy question: What is the evidence for the duration of protection (in terms of seropositivity and 
GMT) following at least one dose of RCV compared to no vaccination or control? 
 Rating Adjustment of score 

Q
ua

lit
y 

as
se

ss
m

en
t 

No of studies/Starting score 5 RCTs, 8 
observational 
studies 

4 

Factors 
decreasing 
confidence 

Limitation in study 
design 

Serious1 -1 

Inconsistency None serious 0 
Indirectness None serious 0 
Imprecision None serious 0 
Publication bias None serious 0 

Factors 
increasing 
confidence 

Large effect No 0 
Dose-response Not applicable 0 
Mitigated bias and 
confounding 

Not applicable 0 

 
Final numerical score of quality of evidence 
 

 
3 

Su
m

m
ar

y 
of

 fi
nd

in
gs

 

 
 
Statement on quality of evidence 
 
 

Evidence supports a moderate 
level of confidence that the 
true effect lies close to that of 
the estimate of the effect on 
the health outcome 

 
 
Conclusion 
 
 

There is low quality evidence 
that long-term (1-20 years after 
RCV1 and RCV2) seropositivity 
is high.  
Seropositivity up to 20 years 
after one or two RCV doses 
ranged from 88%-100% in most 
studies. 

1 The observational studies generally had no (serological) prove that the participants actually had received a 
dose of RCV in the past; natural boosting between vaccination and sampling was possible in countries where 
rubella is still prevalent; the exact period of time between vaccination and sampling was not described in all 
studies. 
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3 Effectiveness of RCV in outbreak settings 

Table 6. Effectiveness 
 

Policy question: What is the evidence that rubella vaccination protects against rubella and rubella 
congenital syndrome; i.e. what is its effectiveness compared to no vaccination or control? 
 Rating Adjustment of score 

Q
ua

lit
y 

as
se

ss
m

en
t 

No of studies/Starting score 4 observational 
studies1 

2 

Factors 
decreasing 
confidence 

Limitation in study 
design 

None serious 0 

Inconsistency None serious 0 
Indirectness Serious2 -1 
Imprecision None serious 0 
Publication bias None serious 0 

Factors 
increasing 
confidence 

Large effect Applicable 1 
Dose-response Not applicable 0 
Mitigated bias and 
confounding 

Not applicable 0 

 
Final numerical score of quality of evidence 
 

 
2 

 

Su
m

m
ar

y 
of

 fi
nd

in
gs

 

 
 
Statement on quality of evidence 
 
 

Evidence supports a limited 
level of confidence that the 
true effect lies close to that of 
the estimate of the effect on 
the health outcome 

 
 
Conclusion 
 
 

Our confidence in the evidence 
of the high effectiveness of RCV 
is low. 
Vaccine effectiveness of RA 
27/3 strain was 97% (95% CI: 
92-99%) 

1Few and generally old studies on VE of RA 27/3. Hence, studies included here are from <2010. Search for 
publications before 2010 was not systematic 
2Lack of laboratory confirmation 
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4 Safety of RCV  

Table 7. Safety  
 

Policy question: What is the evidence on the occurrence of severe adverse events of one or two doses 
RCV vs no vaccination or control? 
 Rating Adjustment of score 

Q
ua

lit
y 

as
se

ss
m

en
t 

No of studies/Starting score 40 RCTs, 6 
epidemiological 
studies, 9 
passive 
surveillance 
studies, 16 case 
reports 

4 

Factors 
decreasing 
confidence 

Limitation in study 
design 

Serious1 -1 

Inconsistency None serious 0 
Indirectness None serious 0 
Imprecision None serious 0 
Publication bias None serious 0 

Factors 
increasing 
confidence 

Large effect No 0 
Dose-response Not applicable 0 
Mitigated bias and 
confounding 

Not applicable 0 

 
Final numerical score of quality of evidence 
 

 
3 
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of

 fi
nd

in
gs

 

 
 
Statement on quality of evidence 
 
 

Evidence supports a moderate 
level of confidence that the 
true effect lies close to that of 
the estimate of the effect on 
the health outcome 

 
 
Conclusion 
 
 

We have moderate confidence 
in the evidence that RCV is 
safe. 

1 General short follow-up period, some studies reported solicited SAEs only, likelihood of a true 
association with RCV was not always assessed. 
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Table 8. Safety of RCV in pregnancy 
 

Policy question: What is the evidence on the risk of serious adverse events (including CRS) when RCV is 
administered in pregnancy? 
 Rating Adjustment of score 

Q
ua

lit
y 

as
se

ss
m

en
t 

No of studies/Starting score 2 follow-up 
studies 
(observational), 
1 passive 
surveillance 
study 

2 

Factors 
decreasing 
confidence 

Limitation in study 
design 

None serious 0 

Inconsistency None serious 0 
Indirectness None serious 0 
Imprecision None serious 0 
Publication bias None serious 0 

Factors 
increasing 
confidence 

Large effect No 0 
Dose-response Not applicable 0 
Mitigated bias and 
confounding 

Not applicable 0 

 
Final numerical score of quality of evidence 
 

2 

Su
m

m
ar

y 
of

 fi
nd

in
gs

 

 
 
Statement on quality of evidence 
 
 

Evidence supports a limited 
level of confidence that the 
true effect lies close to that of 
the estimate of the effect on 
the health outcome 

 
 
Conclusion 
 
 

We have low confidence in the 
evidence that RCV 
administered in pregnancy 
does not lead to CRS or other 
SAE. 
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