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Safety and effectiveness of vaccines against COVID-19 in 
children aged 5–11 years: a systematic review and meta-
analysis 
Vanessa Piechotta*, Waldemar Siemens*, Iris Thielemann, Markus Toews, Judith Koch, Sabine Vygen-Bonnet, Kavita Kothari, Kathrin Grummich, 
Cordula Braun, Philipp Kapp, Valérie Labonté, Ole Wichmann, Joerg J Meerpohl†, Thomas Harder†

Summary
Background To date, more than 761 million confirmed SARS-CoV-2 infections have been recorded globally, and more 
than half of all children are estimated to be seropositive. Despite high SARS-CoV-2 infection incidences, the rate of 
severe COVID-19 in children is low. We aimed to assess the safety and efficacy or effectiveness of COVID-19 vaccines 
approved in the EU for children aged 5–11 years.

Methods In this systematic review and meta-analysis, we included studies of any design identified through 
searching the COVID-19 L·OVE (living overview of evidence) platform up to Jan 23, 2023. We included studies 
with participants aged 5–11 years, with any COVID-19 vaccine approved by the European Medicines Agency—ie, 
mRNA vaccines BNT162b2 (Pfizer-BioNTech), BNT162b2 Bivalent (against original strain and omicron [BA.4 or 
BA.5]), mRNA-1273 (Moderna), or mRNA-1273.214 (against original strain and omicron BA.1). Efficacy and 
effectiveness outcomes were SARS-CoV-2 infection (PCR-confirmed or antigen-test confirmed), symptomatic 
COVID-19, hospital admission due to COVID-19, COVID-19-related mortality, multisystem inflammatory 
syndrome in children (MIS-C), and long-term effects of COVID-19 (long COVID or post-COVID-19 condition as 
defined by study investigators or per WHO definition). Safety outcomes of interest were serious adverse events, 
adverse events of special interest (eg, myocarditis), solicited local and systemic events, and unsolicited adverse 
events. We assessed risk of bias and rated the certainty of evidence (CoE) using the Grading of Recommendations 
Assessment, Development and Evaluation approach. This study was prospectively registered with PROSPERO, 
CRD42022306822.

Findings Of 5272 screened records, we included 51 (1·0%) studies (n=17 [33%] in quantitative synthesis). Vaccine 
effectiveness after two doses against omicron infections was 41·6% (95% CI 28·1–52·6; eight non-randomised 
studies of interventions [NRSIs]; CoE low), 36·2% (21·5–48·2; six NRSIs; CoE low) against symptomatic COVID-19, 
70·8% (38·5–86·1; six NRSIs; CoE low) against COVID-19-related hospitalisations, and 78% (48–90, one NRSI; CoE 
very low) against MIS-C. Vaccine effectiveness against COVID-19-related mortality was not estimable. Crude event 
rates for deaths in unvaccinated children were less than one case per 100 000 children, and no events were reported 
for vaccinated children (four NRSIs; CoE low). No study on vaccine effectiveness against long-term effects was 
identified. Vaccine effectiveness after three doses was 55% (50–60; one NRSI; CoE moderate) against omicron 
infections, and 61% (55–67; one NRSI; CoE moderate) against symptomatic COVID-19. No study reported vaccine 
efficacy or effectiveness against hospitalisation following a third dose. Safety data suggested no increased risk of 
serious adverse events (risk ratio [RR] 0·83 [95% CI 0·21–3·33]; two randomised controlled trials; CoE low), with 
approximately 0·23–1·2 events per 100 000 administered vaccines reported in real-life observations. Evidence on the 
risk of myocarditis was uncertain (RR 4·6 [0·1–156·1]; one NRSI; CoE low), with 0·13–1·04 observed events per 
100 000 administered vaccines. The risk of solicited local reactions was 2·07 (1·80–2·39; two RCTs; CoE moderate) 
after one dose and 2·06 (1·70–2·49; two RCTs; CoE moderate) after two doses. The risk of solicited systemic reactions 
was 1·09 (1·04–1·16; two RCTs; CoE moderate) after one dose and 1·49 (1·34–1·65; two RCTs; CoE moderate) after 
two doses. The risk of unsolicited adverse events after two doses (RR 1·21 [1·07–1·38]; CoE moderate) was higher 
among mRNA-vaccinated compared with unvaccinated children.

Interpretation In children aged 5–11 years, mRNA vaccines are moderately effective against infections with the 
omicron variant, but are likely to protect well against COVID-19 hospitalisations. Vaccines were reactogenic but 
probably safe. Findings of this systematic review can serve as a basis for public health policy and individual decision 
making on COVID-19 vaccination in children aged 5–11 years.
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Introduction 
Since the emergence of SARS-CoV-2, more than 
762 million confirmed cases of COVID-19 and 6·9 million 
associated deaths have been recorded globally up to 
April 12, 2023. In December, 2020, the first COVID-19 
vaccine was authorised in the EU.1 The introduction of 
COVID-19 vaccines was a success, with an estimated 
14 million COVID-19-associated deaths being prevented 
over the first year of vaccination programmes worldwide.2 
Surveillance data from Germany showed that children 
aged 5–14 years had the highest SARS-CoV-2 incidence 
rates across all age groups in 2022.3 A systematic review on 
seroprevalence showed that by April, 2022, approximately 
57% of children were seropositive worldwide.4 Both 
findings highlight the susceptibility and need for 
protection in these age groups, given that children aged 
10 years or younger account for nearly 20% of the global 
population.5 In November, 2021, the first COVID-19 
vaccine (BNT162b2 [Pfizer–BioNTech]) was also approved 
for children aged 5–11 years by the European Medicines 
Agency (EMA),6 and in October, 2022, COVID-19 vaccines 
(BNT162b2 and mRNA-1273) were approved by the EMA 
for use in younger children from age 6 months.

Early in the pandemic, data indicated that children are 
at low risk of severe COVID-19. However, SARS-CoV-2 
infection can cause severe medical conditions, including 
multisystem inflammatory syndrome in children 
(MIS-C; also known as paediatric inflammatory 
multisystem syndrome temporally associated with 
SARS-CoV-2 [PIMS-TS]).7,8 Severity of COVID-19, 
including risk of developing MIS-C, varies with the 
SARS-CoV-2 variant of infection. Since the latest 
shift in epidemiology from delta (B.1.617.2) to 
omicron (B.1.1.529), evidence suggests even lower odds 
of moderate or severe COVID-19 (odds ratio [OR] 0·47 
[95% CI 0·33–0·66]) when comparing omicron with 
delta variant infections in children aged 6–11 years.9 
Even though the omicron variant is associated with 
higher transmissibility, cases of MIS-C were rarely 
reported.10 Thus, given the low risk of severe disease in 
healthy children following SARS-CoV-2 infection, a 
careful assessment of the benefits and risks of COVID-19 
vaccination is needed.

The aim of this systematic review was to inform 
National Immunization Technical Advisory Groups and 
other immunisation policy makers. Our objectives were 

Research in context

Evidence before this study
Although high rates of SARS-CoV-2 infections have been 
observed in children, the rate of severe COVID-19 cases has 
been low and appears to be even lower with the spread of the 
omicron variant. However, in rare cases, SARS-CoV-2 infection 
in children can lead to severe diseases, including multisystem 
inflammatory syndrome (also known as paediatric 
inflammatory multisystem syndrome temporally associated 
with SARS-CoV-2 [PIMS-TS]) associated with COVID-19. As of 
November, 2021, the first COVID-19 vaccine (BNT162b2 
[Pfizer–BioNTech]) has been licensed in the EU for use in 
children aged 5–11 years. Assessment of the safety, efficacy, and 
immunogenicity of the COVID-19 vaccines currently approved 
by the European Medicines Agency (EMA; BNT162b2 and 
mRNA-1273 [Moderna]) in this population is necessary to 
inform and support the development of vaccination 
recommendations of National Immunization Technical 
Advisory Groups and other immunisation policy makers. We 
searched the COVID-19 LOVE (living overview of evidence) 
literature database using keywords related to “vaccination” and 
“immunization” in combination with terms related to 
“children”. We included randomised controlled trials and non-
randomised studies of interventions assessing vaccine efficacy 
or effectiveness, immunogenicity, and safety, as well as single-
arm observational studies of vaccine safety, published by 
Jan 23, 2023, without any language restrictions. Studies on 
children aged 5–11 years who had received at least one dose of 
an EMA-approved COVID-19 vaccine were eligible. We assessed 
risk of bias using standard tools (the revised Cochrane risk of 
bias tool for randomised trials, the Risk of Bias in Non-

Randomized Studies of interventions tool, and the Quality In 
Prognosis Studies tool) and the certainty of evidence using the 
Grading of Recommendations Assessment, Development and 
Evaluation approach on an outcome level.

Added value of this study
This systematic review on mRNA vaccines for children aged 
5–11 years identified relevant evidence for assessing vaccine 
efficacy or effectiveness and safety, which serves as a base for 
clinical and public health decision making. We showed that 
mRNA vaccines are effective, but also that protective 
effectiveness of a primary vaccination series is insufficient to 
reliably prevent infections with the omicron variant (41·6% 
[95% CI 28·1–52·6] for two doses). However, data from the first 
published study on a third dose showed that vaccine efficacy or 
effectiveness could be increased through a third booster dose 
(55% [50–60] for three doses).

Implications of all the available evidence
Given the heterogeneous findings on vaccine effectiveness, the 
established reactogenicity, and remaining uncertainties 
regarding serious adverse events and myocarditis, this 
systematic review adds value to previous evidence and might 
help guide clinical and public health discussions on the need for 
and importance of COVID-19 vaccination in children, as well as 
individual decision making. We highlight the need for 
continuous re-evaluation of the evidence with particular 
attention to the changing epidemiological landscape 
(eg, incidences or emerging variants) to support policy makers, 
medical guidelines, and clinical decisions to ensure children’s 
health in the best possible way.

For COVID-19 cases see https://
covid19.who.int/
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to assess the safety and efficacy or effectiveness of 
vaccines against COVID-19 approved in the EU for 
children aged 5–11 years.

Methods 
Search strategy and selection criteria 
This systematic review is reported according to the 
PRISMA 2020 reporting guideline.11 Our primary 
literature database was the COVID-19 L·OVE (living 
overview of evidence) platform. We searched for articles 
published up to Jan 23, 2023, using search terms related 
to “vaccination” and “immunization” combined with 
terms related to “children” (appendix 1 pp 1–2). We 
identified duplicate references using Systematic Review 
Accelerator12 and imported references into Covidence for 
screening.

We included randomised controlled trials (RCTs) and 
non-randomised studies of interventions (NRSIs) for 
assessing vaccine efficacy or effectiveness, immunogenicity, 
and safety. We additionally included observational (single-
arm) studies to assess vaccine safety. Participants had to be 
aged 5–11 years.

We included any vaccines specifically designed to 
prevent COVID-19, which had been approved by the 
EMA. Up to Jan 23, 2023, those vaccines were BNT162b2 
(5–11-year-old children, two doses 10 μg, 21 days apart for 
the primary vaccination series, or an additional booster 
dose 10 μg at least 6 months after the second dose), 
BNT162b2 bivalent (against original strain and omicron 
BA.4 and BA.5; booster dose 10 μg, at least 6 months 
after the second dose of the primary vaccination series), 
mRNA-1273 (Moderna; 6–11-year-old children, two doses 
50 μg, 28 days apart for the primary vaccination series, 
or an additional booster dose 50 μg at least 3 months 
after the second dose), and mRNA-1273.214 (Moderna; 
against original strain and omicron BA.1; booster dose 
50 μg, at least 3 months after the second dose of the 
primary vaccination series). Complete and incomplete 
primary vaccination series were eligible, including 
heterologous prime–boost vaccinations as well as 
booster vaccinations. The intervention was compared 
with placebo, no vaccination, other COVID-19 vaccines, 
or vaccination schedules that differed from initial 
approval (eg, heterologous vaccination with different 
vaccine types, lower or higher dosage, and shortened or 
extended time intervals between doses).

Two reviewers (VP, WS, or IT) independently screened 
titles and abstracts. In case of disagreement, the record 
was passed on to full-text review. The full texts were 
obtained and assessed independently for relevance by 
two reviewers (VP, WS, or IT). Disagreements were 
discussed and resolved. If necessary, two additional 
reviewers were consulted for the final decision (JJM, 
TH). After checking the full texts for eligibility, a list of 
included studies, ongoing studies, studies awaiting 
classification, and excluded studies was generated using 
EndNote (version 20; appendix 1 pp 7–24).

Two reviewers (VP, WS, or IT) independently extracted 
data on study and participant characteristics. Disagree
ments were resolved by jointly reviewing the data source.

Ethics approval was not required as this systematic 
review is based exclusively on published literature.

Outcomes 
Efficacy and effectiveness outcomes were SARS-CoV-2 
infection (PCR-confirmed or antigen-test confirmed), 
symptomatic COVID-19, hospital admission due to 
COVID-19, COVID-19-related mortality, MIS-C, long-term 
effects of COVID-19 (long COVID or post-COVID-19 
condition as defined by study investigators or per WHO 
definition [ie, experiencing one or more symptoms, which 
cannot be explained by alternative diagnoses and generally 
affect everyday functioning for at least 2 months in 
individuals with a confirmed or probable previous 
SARS-CoV-2 infection]13). Safety outcomes of interest were 
serious adverse events, adverse events of special interest 
(eg, myocarditis), reactogenicity, solicited local and 
systemic events (solicited adverse events), and unsolicited 
adverse events. Additional outcomes were immunogenicity 
parameters (neutralising antibody titres, IgG, and T-cell 
response) and or intensive care unit (ICU) admission due 
to COVID-19.

Data appraisal and synthesis 
To assess risk of bias, we used the revised Cochrane risk of 
bias tool for randomised trials (RoB 2.0 tool),14 the Risk of 
Bias in Non-Randomized Studies of Interventions 
(ROBINS-I) tool,15 and adapted the Quality in Prognosis 
Studies (QUIPS) tool for single-arm studies.16 We excluded 
outcomes rated with ROBINS-I as critical from the data 
synthesis to avoid misleading conclusions (appendix 1 
p 3).15 For the use of QUIPS, we considered the event of 
vaccination as prognostic factor (appendix 1 p 4).

We summarised the certainty of evidence (CoE) using the 
Grading of Recommendations Assessment, Development 
and Evaluation (GRADE) approach, resulting in the overall 
rating of high, moderate, low, or very low for each assessed 
outcome (appendix 1 p 6).17 GRADE Working Group grades 
of evidence (ranging from high to very low certainty) are 
explained in appendix 1 (p 39). In accordance with the 
GRADE guidelines on rating the CoE for NRSIs, we started 
with a high CoE for outcomes assessed with ROBINS-I.18

We calculated vaccine efficacy or effectiveness and their 
95% CIs using the vaccine effect ratio as reported by the 
authors of studies—eg, adjusted (NRSIs) or unadjusted 
(RCTs) OR, risk ratio (RR), hazard ratio, or incidence rate ratio 
as follows: vaccine efficacy or effectiveness = (1 – vaccine 
effect ratio) × 100. Vaccine efficacy or effectiveness estimates 
were expressed as percentages with their corresponding 
95% CIs, where values greater than 0% suggest a protective 
effect of the vaccine.

We did meta-analyses separately for RCTs and NRSIs 
using a random effects model for the primary analysis. 
We used the restricted maximum likelihood method for 

See Online for appendix 1

For Covidence see https://www.
covidence.org
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estimating the between-study variance19 and applied the 
Hartung-Knapp adjustment for random effects meta-
analyses20–22 with three or more studies. We did not 
perform meta-analysis for single-arm studies, but 
provide results in summary tables instead. We used R 
(version 4.2.1) for all analyses using the package meta.23

Details on data analysis, subgroup, and sensitivity 
analyses are provided in appendix 1 (p 5). Because of 
missing data, we did not do any tests for subgroup 
differences. Subgroup investigations were exploratory 
instead. This study was prospectively registered with 
PROSPERO, CRD42022306822.

Role of the funding source 
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report.

Results 
We identified 5272 references through database searches 
and an additional 23 references through manual searches 
up to Jan 23, 2023. After removal of duplicates, we 
screened 4226 (80·2%) records and assessed 298 (6·6%) 
full texts (figure 1). Overall, we excluded 242 full texts, 
reporting on 228 studies (26 [11·4%] ongoing studies, 
71 [31·1%] monitored for further eligibility assessments, 
and 131 [57·5%] studies that did not meet eligibility 
criteria; appendix 1 pp 11–24). Studies for further 

monitoring comprised ongoing and completed studies 
on COVID-19 vaccines in children younger than 12 years 
that are not yet approved by the EMA. Finally, we included 
51 studies in the systematic review and 17 of those in the 
meta-analysis (appendix 1 pp 7–24).

Of the 51 studies included, four (7·8%) were RCTs for 
the mRNA-based vaccines BNT162b224 and mRNA-1273.25 
RCTs reported results for participants included in phase 
1 of the trial and phase 2/3 separately. Other studies were 
NRSIs with a retrospective (n=28 [55%]) or prospective 
study design (n=8 [16%]), surveillance studies (n=9 [18%]), 
ecological study (n=1 [2%]), or case series (n=1 [2%]). 
18 (35%) studies were not yet peer reviewed, and either 
published on preprint servers, the Morbidity and Mortality 
Weekly Report provided by the US Centers for Disease 
Control and Prevention, or in another format of short 
communication (eg, letters).

The number of overall assessed participants could not 
be estimated because studies partially reported on 
number of administered vaccines or person-days at risk 
instead of number of participants. Included data records 
ranged from 12 to more than 3·4 million participants.26,27 
Studies were primarily done in high-income countries 
(eg, the USA, Canada, and Israel), and assessed a 
complete primary schedule of BNT162b2 vaccine 
(n=46 [90%]). Three (6%) studies only assessed the effect 
of a single dose of either BNT162b2 or mRNA-1273,28–30 
and nine (18%) studies assessed the effect of a 
monovalent31–38 or bivalent (BNT162b2 bivalent [against 
original strain or omicron BA.4 or BA.5])39 booster 
vaccination (appendix 1 pp 26–33). Participants’ age was 
in line with the authorised age group (ie, 5–11 years for 
studies on BNT162b2 or BNT162b2 bivalent and 
6–11 years for studies on mRNA-1273; appendix 1 
pp 26–33). Sex distribution was well balanced in most 
studies (appendix 1 pp 26–33). Little information was 
available on comorbidities and serological status 
(appendix 1 pp 26–33).

Overall, we had at least some concerns of bias for all 
efficacy or effectiveness outcomes. Further, most safety 
outcomes were assessed with at least some concerns of 
bias. As recommended in the ROBINS-I guidance, 
outcomes rated with a critical risk of bias were not 
included in data synthesis.15 Excluded outcomes were 
SARS-CoV-2 infections in one study,36 COVID-19-related 
hospitalisation in three studies,27,40,41 ICU admissions in 
two studies,27,41 deaths reported in one study,41 and 
myocarditis in one study (appendix 1 pp 34–36; 
appendix 2).35

Vaccine effectiveness against SARS-CoV-2 infections 
with the omicron variant after two doses was 41·6% 
(95% CI 28·1–52·6; eight NRSIs; CoE low; table; figure 2). 
Five of the NRSIs assessed vaccine effectiveness over 
time.40,43,44,47 All reported a substantial reduction in vaccine 
effectiveness against SARS-CoV-2 infections of at least 
15% from the timepoint of first measurement after 
two-dose vaccination to the timepoint of last measurement Figure 1: PRISMA flow diagram

5272 references identified from database searches
 23 identified from manual searches

4226 screened after duplicates removed

298 full texts assessed (279 individual studies)

56 included in analysis (51 individual studies)

1069 duplicates removed

3928 removed after screening titles and
 abstracts

242 full texts removed
 85 ineligible patient population
 15 ineligible intervention
 15 ineligible outcomes
 11 ineligible study design
 2 ineligible comparator
 1 withdrawn
 1 ineligible publication type
 1 ineligible setting
 30 ongoing (26 individual studies)
 81 awaiting assessment (71 individual
 studies)

See Online for appendix 2
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(appendix 1 p 40). One study32 reported vaccine effectiveness 
against omicron infections after the third dose (vaccine 
effectiveness 55% [50–60]) and reported no effect of 
waning protection up to 4 months after the booster.

Vaccine effectiveness of EMA-approved mRNA 
COVID-19 vaccines against symptomatic COVID-19 
was 36·2% (95% CI 21·5–48·2; n=3 262 727; six NRSIs; 
CoE low) after the emergence of the omicron variant 

(figure 2; table). Three studies assessed vaccine 
effectiveness over time and also found a reduction of 
vaccine effectiveness against symptomatic COVID-19 
from the timepoint of first measurement of the second 
dose to the timepoint of last measurement of at least 
8% (appendix 1 p 40).49,51 Vaccine effectiveness against 
symptomatic COVID-19 could be restored to higher 
levels after the third dose (61% [55–67]).32

Vaccine 
doses, n

Absolute effect* 
with placebo or no 
vaccination

Absolute effect* 
with vaccination 
(95% CI)

Relative effect† 
(95% CI)

Timing of 
outcome 
measurement

Participants, n Certainty of the evidence 
(GRADE)

Interpretation

Vaccine effectiveness

SARS-CoV-2 infection (PCR-confirmed or antigen-test confirmed)

NRSI 2 20 793 per 100 000 12 143 per 100 000 
(9856 to 15 366)

VE 41·6% 
(28·1–52·6); VE 
ratio 0·584 
(0·474–0·739)

≥14 days after 
second dose to 
median of 
4 months after 
second dose

>3 376 000‡32,40,42–47 Low; downgraded by 
two levels for serious 
inconsistency (I²=96·6%)

Primary vaccination series 
probably slightly reduces the 
risk of SARS-CoV-2 infections 
with omicron.

NRSI 3 27 595 per 100 000 12 418 per 100 000 
(11 038 to 13 798)

VE 55% (50–60); 
VE ratio 0·45 
(0·40–0·50)

Up to ≥3 months 
after third dose

60 57432 Moderate; downgraded by 
one level for serious 
imprecision (one study only)

Booster vaccination probably 
reduces the risk of SARS-CoV-2 
infections with omicron.

Symptomatic COVID-19

NRSI 2 31 326 per 100 000 19 203 per 100 000 
(15 005 to 24 528)

VE 36·2% 
(21·5–48·2); VE 
ratio 0·638 
(0·518–0·749)

≥7 days after 
second dose to 
median of 
4 months after 
second dose

3 262 72732,45,48–51 Low; downgraded by two 
levels for serious 
inconsistency (I²=92·2%)

Primary vaccination series 
probably slightly reduces the 
risk of symptomatic COVID-19.

NRSI 3 NR§ NE VE 61% (55–67); 
VE ratio 0·39 
(0·33–0·45)

Up to ≥3 months 
after third dose

60 57432 Moderate; downgraded by one 
level for serious imprecision 
(one study only)

Booster vaccination probably 
reduces the risk of 
symptomatic COVID-19.

Hospitalisation due to COVID-19

NRSI 2 47 per 100 000¶ 14 per 100 000 
(7 to 29)

VE 70·8% 
(38·5–86·1); VE 
ratio 0·29 
(0·14–0·62)

≥7 days after 
second dose to 
median of 71 days 
after second dose

3 058 48043,49–53 Low; downgraded by one level 
for risk of bias (two studies 
with a serious risk and 
four studies with a moderate 
risk), and downgraded 
one level for serious 
inconsistency (I²=76·5%)

Primary vaccination series is 
likely to reduce the risk of 
hospitalisation due to omicron 
variant-induced COVID-19.

NRSI 3 NA NA VE NA NA 0 NA Outcome was not reported in 
any study.

COVID-19 related mortality

NRSI 2 <1 per 100 000|| NE, 0 cases  
observed

VE NE, 0 cases in 
vaccinated group, 
1 case in control 
group

Median of 
34 days from 
vaccination to 
hospitalisation

2 869 87441,43,49,53 Low; downgraded by two 
levels for very serious 
imprecision (zero or few 
events)

The evidence is uncertain about 
the effect of a primary 
vaccination series  on the risk of 
mortality due to omicron 
variant-induced COVID-19.

NRSI 3 NA NA VE NA NA 0 NA Outcome was not reported in 
any study.

Multisystem inflammatory syndrome in children

NRSI 2 18 695 per 100 000** 4113 per 100 000 
(1870 to 9721)

VE 78% (48–90); 
OR 0·22 
(0·10–0·52)

NA 37454 Very low; downgraded by one 
level for serious imprecision 
(one study only), one level for 
risk of bias (one study with a 
serious risk), and one level for 
serious indirectness 
(hospitalised cases only)

The evidence is very uncertain 
about the effect of a primary 
vaccination series on the risk of 
PIMS-TS due to infections with 
omicron.

NRSI 3 NA NA VE NA NA 0 NA Outcome was not reported in 
any study.

Long-term effects of COVID-19 (long COVID or post-COVID-19 condition)

NRSI NA NA NA VE NA NA 0 NA Outcome was not reported in 
any study.

(Table continues on next page)
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Vaccine 
doses, n

Absolute effect* 
with placebo or no 
vaccination

Absolute effect* 
with vaccination 
(95% CI)

Relative effect† 
(95% CI)

Timing of 
outcome 
measurement

Participants, n Certainty of the evidence 
(GRADE)

Interpretation

(Continued from previous page)

Vaccine safety

Serious adverse events

RCT 2 172 per 100 000 143 per 100 000 
(36 to 572)

RR 0·83 
(0·21–3·33)

Up to median 
50–70 days after 
second dose

627024,25 Low; downgraded by two 
levels for very serious 
imprecision (few events and 
very wide CIs)

The evidence is uncertain about 
the effect of EMA-approved 
COVID-19 mRNA vaccines on 
the risk of serious adverse 
events.

RCT 3 NA NA RR NA NA 0 NA Outcome was not reported in 
any study.

NRSI NA NA NA RR NA NA 0 NA Outcome was not reported in 
any study.

Adverse events of special interest (myocarditis)

RCT 2 NE, 0 cases  
observed

NE, 0 cases  
observed

RR NE, 0 cases 
observed

Up to median 
50–70 days after 
second dose

624424,25 Low; downgraded by two 
levels for very serious 
imprecision (zero events)

The evidence is uncertain about 
the effect of EMA-approved 
COVID-19 mRNA vaccines on 
the risk of myocarditis.

RCT 3 NA NA RR NA NA 0 NA Outcome was not reported in 
any study.

NRSI 2 2 per 100 000 10 per 100 000 
(0 to 324)

RR 4·6 
(0·1–156·1)

97 days after 
second dose

641 57257 Very low; downgraded by 
one level for serious 
indirectness (hospitalised cases 
only) and two levels for very 
serious imprecision (few 
events and very wide CIs)

The evidence is very uncertain 
about the effect of EMA-
approved COVID-19 mRNA 
vaccines on the risk of 
myocarditis.

NRSI 3 NA NA RR NA NA 0 NA Outcome was not reported in 
any study.

Reactogenicity, local events (solicited adverse events)

RCT 1 42 169 per 100 000 87 289 per 100 000 
(75 904 to 100 000)

RR 2·07 
(1·80–2·39)

7 days after dose 625924,25 Moderate; downgraded by one 
level for risk of bias 
(two studies with some 
concerns of bias)

EMA-approved COVID-19 
mRNA vaccines probably 
increase the risk of local 
reactions after the first vaccine 
dose.

RCT 2 42 598 per 100 000 87 752 per 100 000 
(72 417 to 100 000)

RR 2·06 
(1·70–2·49)

7 days after dose 619624,25 Moderate; downgraded by one 
level for risk of bias (two 
studies with some concerns of 
bias)

EMA-approved COVID-19 
mRNA vaccines probably 
increase the risk of local 
reactions after the second 
vaccine dose.

RCT 3 NA NA RR NA NA 0 NA Outcome was not reported in 
any study.

NRSI NA NA NA RR NA NA 0 NA Outcome was not reported in 
any study.

Reactogenicity, systemic events (solicited adverse events)

RCT 1 48 939 per 100 000 53 343 per 100 000 
(50 896 to 56 769)

RR 1·09 
(1·04–1·16)

7 days after dose 625924,25 Moderate; downgraded by one 
level for risk of bias (two 
studies with some concerns of 
bias)

EMA-approved COVID-19 
mRNA vaccines probably slightly 
increase the risk of systemic 
reactions after the first vaccine 
dose.

RCT 2 44 295 per 100 000 65 999 per 100 000 
(59 355 to 73 087)

RR 1·49 
(1·34–1·65)

7 days after dose 619624,25 Moderate; downgraded by one 
level for risk of bias (two 
studies with some concerns of 
bias)

EMA-approved COVID-19 
mRNA vaccines probably 
increase the risk of local 
reactions after the second 
vaccine dose.

RCT 3 NA NA RR NA NA 0 NA Outcome was not reported in 
any study.

NRSI NA NA NA RR NA NA 0 NA Outcome was not reported in 
any study.

(Table continues on next page)
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In observational studies (omicron era), vaccine 
effectiveness against hospitalisations due to COVID-19 
was 70·8% (95% CI 38·5–86·1; n=3 058 480; six NRSIs; 
CoE low; figure 2; table). The outcome was rated with a 
critical risk of bias in three studies,27,40,41 which were 
therefore excluded from analysis.

Of four NRSIs reporting COVID-19-related mortality, 
one event occurred before discharge from hospital in a 
non-vaccinated participant of a test-negative case-control 
study (n=70 two-dose-vaccinated and n=467 unvaccinated)53 
and two deaths in non-vaccinated participants of a cohort 
study (n=1 063 035 two-dose-vaccinated and n=1 768 497 
unvaccinated;49 table). Adjusted effect estimates were not 
available.

A test-negative case-control study, including 374 children 
admitted to hospital with COVID-19,54 reported a decreased 
risk of MIS-C for two-dose-vaccinated children (vaccine 
effectiveness 78% [95% CI 48–90]; CoE very low; table).

We identified no data on the effect of COVID-19 
vaccination on long-term effects of COVID-19 condition 
(table). Across all investigated outcomes, a protective effect 
after one vaccine dose was shown, but effectiveness was 
substantially lower than after two or three doses (appendix 
1 pp 37–41). With regard to the SARS-CoV-2 variant, vaccine 
efficacy or effectiveness against pre-omicron variants was 
higher for all investigated outcomes with available data (ie, 
SARS-CoV-2 infections and symptomatic COVID-19) than 
against omicron-induced infections (appendix 1 pp 37–41).

Serious adverse events were reported in both phase 2/3 
RCTs.24,25 Evidence suggests no increased risk when 
receiving a primary vaccination series (RR 0·83 [95% CI 
0·21–3·33]; n=6270; CoE low; figure 3; table). A population-
wide surveillance study from the USA reported an event 
rate of approximately 1·2 serious adverse events 
per 100 000 administered vaccines after primary 

vaccination and 0·23–0·46 serious adverse events per 
100 000 booster vaccinations.33,39,55 Few events were reported 
in phase 1 trials and observational studies (appendix 1 
p 42).

Regarding adverse events of special interest, no cases of 
myocarditis were observed in the two phase 2/3 RCTs 
(table). The evidence on the risk for myocarditis was 
uncertain and did not indicate an increased risk on the 
basis of one population-wide prospective cohort study 
(RR 4·6 [95% CI 0·1–156·1]).56 Data from a US vaccine 
safety surveillance study showed a rate of 0·13–1·04 
myocarditis events per 100 000 administered vaccines after 
primary vaccination (appendix 1 pp 42–43).55 No myo
carditis events were observed after booster vaccinations 
(appendix 1 pp 42–43).33,39

In terms of reactogenicity, solicited local events were 
assessed in both phase 2/3 RCTs24,25 and were more 
frequent in vaccinated children than in unvaccinated 
children after the first dose (RR 2·07 [95% CI 1·80–2·39]; 
n=6259; CoE moderate) and second dose (2·06 [1·70–2·49]; 
n=6196; CoE moderate; figure 3; table). Observational data 
are provided in appendix 1 (pp 43–44).55 The risk for 
solicited systemic events was assessed in two phase 2/3 
RCTs24,25 and was slightly more frequent in vaccinated 
children than in unvaccinated children after the first dose 
(1·09 [1·04–1·16]; n=6259; CoE moderate) and increased 
after the second dose (1·49 [1·34–1·65]; n=6196; CoE 
moderate; figure 3; table). Observational data are provided 
in appendix 1 (pp 44–46).55

The risk for unsolicited adverse events increased for 
two-dose-vaccinated children compared with in 
unvaccinated children (RR 1·21 [95% CI 1·07–1·38]; 
two phase 2/3 RCTs, n=6270; CoE moderate; figure 3). 
Recorded events of observational studies are provided in 
appendix 1 (pp 46–47).55

Vaccine 
doses, n

Absolute effect* 
with placebo or no 
vaccination

Absolute effect* 
with vaccination 
(95% CI)

Relative effect† 
(95% CI)

Timing of 
outcome 
measurement

Participants, n Certainty of the evidence 
(GRADE)

Interpretation

(Continued from previous page)

Unsolicited adverse events

RCT 2 15 072 per 100 000 18 237 per 100 000 
(16 127 to 20 799)

RR 1·21 
(1·07–1·38)

1 month or 
28 days after 
second dose

627024,25 Moderate; downgraded by one 
level for risk of bias 
(two studies with some 
concerns of bias)

EMA-approved COVID-19 
mRNA vaccines probably 
increase the risk of unsolicited 
adverse events.

RCT 3 NA NA RR NA NA 0 NA Outcome was not reported in 
any study.

NRSI NA NA NA RR NA NA 0 NA Outcome was not reported in 
any study.

EMA=European Medicines Agency. GRADE=Grading of Recommendations, Assessment, Development and Evaluation. NA=not applicable. NE=not estimable. NR=not reported. NRSI=non-randomised study of 
intervention. PIMS-TS=paediatric inflammatory multisystem syndrome temporally associated with SARS-CoV-2. RCT=randomised controlled trial. RR=risk ratio. VoC=variant of concern. *The estimated absolute 
effect refers to the difference between the observed baseline risk reported for the unvaccinated control group and the risk for experiencing an outcome after vaccination. The absolute effect estimated for the 
intervention group is based on the relative effect magnitude of an effect and the baseline risk—ie, (observed risk/100 000 unvaccinated children) × relative effect. †Relative effects (vaccine effectiveness or RRs 
were derived from meta-analysis, or from one study if no pooled estimate was available). ‡Two (25%) of eight studies did not report the number of participants. The studies reporting the number of participants 
included 3 376 655 children. §Crude number of symptomatic COVID-19 cases in unvaccinated children not reported. ¶Baseline risk was partially driven from case control studies and does not reflect the true 
incidence risk in this age group. ||0 deaths in 1 081 881 vaccinated versus three deaths in 1 787 993 unvaccinated children observed. **Hospitalised cases only were included in the analysis; baseline risk was driven 
by case control studies, thus does not reflect the true incidence risk in age group.

Table: Summary of findings
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Regarding subgroup and sensitivity analyses, despite 
an increase in vaccine effectiveness with every additional 
vaccine dose, no relevant or consistent differences were 
observed between subgroups, although formal statistical 
analysis was not feasible (appendix 1 pp 52–54). Results 
remained robust in sensitivity analyses (appendix 1 
pp 52–54).

Data on additional outcomes—ie, vaccine effectiveness 
against ICU admission due to COVID-19 and 
immunogenicity outcomes—are provided in appendix 1 
(pp 48–51).

Discussion 
In this systematic review on safety and effectiveness of 
EMA-approved COVID-19 vaccines in children aged 
5–11-years, we found that a primary vaccination series with 

the mRNA-based vaccines (BNT162b2 and mRNA-1273) 
showed a high efficacy against SARS-CoV-2 infections and 
symptomatic COVID-19 in pivotal studies, which were 
done during a pre-omicron period, and not while the 
omicron variant was globally circulating. However, we 
identified a substantially lower vaccine effectiveness in 
real-life observations as reported in NRSIs, substantial 
heterogeneity in relative effect measures that could not be 
explained by potential effect modifiers (eg, type of vaccine, 
location, or baseline immunity), and further a rapidly 
waning vaccine-induced immunity from early follow-up 
data.40 Vaccine effectiveness against omicron infections 
and symptomatic COVID-19 could be increased through 
booster vaccination.32

The start of population-based vaccination coincided 
with the emergence of omicron, although both 

Dorabawila et al (2022)40

Fowlkes et al (2022)46

Amir et al (2022)42

Chemaitelly et al (2022)43

Cocchio et al (2022)44

Cohen-Stavi et al (2022)45

Khan et al (2022)32

Jang et al (2023)47

Fixed effects model

Random effects model

95% prediction interval

Test of heterogeneity: I²=96·6%, p<0·0001

Tan et al (2022)50

Fleming-Dutra et al (2022)48

Cohen-Stavi et al (2022)45

Piché-Renaud et al (2022)51

Sacco et al (2022)49

Khan et al (2022)32

Fixed effects model

Random effects model

95% prediction interval

Test of heterogeneity: I²=92·2%, p<0·0001

Klein et al (2022)52
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Piché-Renaud et al (2022)51

Sacco et al (2022)49

Fixed effects model

Random effects model

95% prediction interval

Test of heterogeneity: I²=76·5%, p=0·019

 44·2 (27·5 to 57·0)

 31·0 (9·0 to 48·0)

 56·5 (50·0 to 60·0)

 25·7 (10·0 to 38·6)

 35·0 (34·0 to 37·0)

 51·0 (39·0 to 61·0)

 20·0 (17·0 to 23·0)

 57·6 (51·6 to 62·8)

 32·9 (31·6 to 34·2)

 41·6 (28·1 to 52·6)

 (−9·4 to 68·9)
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 54·0 (48·0 to 59·0) 

 29·4 (28·5 to 30·2)

 24·0 (20·0 to 27·0)

 29·4 (28·6 to 30·2)

 36·2 (21·5 to 48·2)

 (−12·0 to 63·7)

 74·0 (−35·0 to 95·0)

 68·0 (42·0 to 82·0)

 87·0 (64·0 to 96·0)

 0·0 (0·0 to 0·0)
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 2·9%; 13·4%

 1·0%; 12·2%
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100%; ··

 ··; 100%

 0·8%; 16·8%
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 ·· ; 100%
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 14·4%; 14·4%

 4·1%; 4·1%
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 12·5%; 22·8%

 66·3%; 29·5%
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 ·· ; 100%

Vaccine effectiveness
or efficacy (95% CI)
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effects (weight)

100500−50

Vaccine efficacy or effectiveness (95% CI)

SARS-CoV-2 infections (NRSIs)

Symptomatic COVID-19 (NRSIs)

Hospitalisation (NRSIs)

Figure 2: Vaccine effectiveness outcomes against omicron
A vaccine effectiveness estimate greater than 0% favours mRNA vaccines. NRSI=non-randomised study of intervention.
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Figure 3: Vaccine safety outcomes
RR greater than 1 favours placebo. RCT=randomised controlled trial. RR=risk ratio.
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phase 2/3 RCTs were done while other variants of 
SARS-CoV-2 were circulating. Because a decreased 
effectiveness of COVID-19 vaccines against omicron 
was also observed in older age groups (≥12 years) since 
the shift from delta to omicron predominance,57,58 
differences in vaccine efficacy and effectiveness are 
most likely to be unrelated to the underlying study 
designs. Investigators of primary studies raised the 
concern that the waning effect might be enhanced 
through the lower vaccine dose (10 μg for age 5–11 years 
and 30 μg for age ≥12 years).40,59 This waning was 
shown40 in a year-by-year age comparison with 
adolescents (aged 12–17 years), who received BNT162b 
30 μg. Estimates of vaccine effectiveness against 
omicron in children aged 5–11 years were lower than 
those for children and adolescents aged 12–17 years, 
with a considerable difference between 11-year-old and 
12-year-old children, who have similar physiology, but 
received different dosages (vaccine effectiveness 
in 11-year-olds was 11% [95% CI –3 to 23] and 
vaccine effectiveness in 12-year-olds was 67% [62 to 71]).40 
This difference was even more profound over time, 
when vaccine effectiveness decreased from 65% 
(62 to 68) to below 0% for 5–11-year-olds at 35 days or 
more after a second dose, whereas vaccine effectiveness 
for 12–17-year-olds decreased from 76% (71 to 81) to 49% 
(34 to 60) in the same observation time.

Despite the initially low protection against omicron 
infections and symptomatic COVID-19, we identified 
considerable two-dose vaccine effectiveness against 
COVID-19-associated hospitalisations with low certainty 
in the evidence. A systematic review comparing vaccine 
effectiveness in children and adolescents showed no 
differences between age groups against COVID-19-
related hospitalisations during the omicron period.59 
Study data further suggest that COVID-19 vaccination 
protects well against MIS-C.54 However, because of 
substantial study limitations and the small sample size, 
we have little confidence that the observed effect is 
generalisable to all children. Although SARS-CoV-2 
incidence rates were strongly increasing with the 
emergence of omicron, surveillance data suggest a 
decrease in MIS-C cases.60

Both mRNA vaccines frequently caused local or 
systemic reactions. Reactions were mostly mild and 
resolved within a few days. On the basis of RCT and 
observational data, we found no increased risk of 
serious adverse events. This finding was further 
supported through surveillance data showing a low 
incidence rate (ranging approximately 0·7–1·8 serious 
adverse events per 100 000 vaccinations; 
unpublished).61,62 Similarly, no events of myocarditis 
were reported in RCTs, and single events with an 
estimated risk of 0·13–1·04 myocarditis cases per 
100 000 vaccinations were reported in international 
vaccine safety surveillance systems.56 Thus, the risk of 
myocarditis appears substantially lower in children 

when compared with that of adolescents 
and young adults (22·15 myocarditis events per 
100 000 vaccinations).63,64 No new safety signals were 
identified in NRSIs.

Because RCTs are considered the most reliable 
evidence to assess efficacy of interventions,65 a key 
limitation of this systematic review was the limited 
applicability of identified RCT evidence to the current 
epidemiology. Also, despite large evidence base on 
initial vaccine effectiveness in children aged 5–11 years, 
follow-up time was short. Data for subpopulations 
(eg, children with immunocompromising conditions) 
were scarce and subgroup analyses were not feasible or 
not meaningful because many subgroup factors overlap 
between the included studies, increasing the risk for 
misleading causal interpretations when doing multiple 
subgroup analyses. Statistical pooling of immuno
genicity data was not feasible or reasonable because of 
underlying heterogeneity and partially overlapping 
study populations.

Because the history of previous infections of included 
children was rarely reported and data analyses of 
remaining studies primarily included children who did 
not have a previous known SARS-CoV-2 infection, it 
remains unclear whether results are generalisable to 
children with previous infections. Given that the high 
seroprevalence in this age group,66 the additional 
benefit of vaccination in children aged 5–11-years 
cannot be reliably assessed with the underlying data of 
this systematic review. However, investigations of older 
age groups (≥16 years) suggest a preferable protective 
effect for individuals being both previously infected 
and vaccinated,67,68 which was also suggested by data 
provided from Khan and colleagues32 for children aged 
5–11 years.

A further methodological limitation of our review was 
the high proportion of non-peer reviewed studies 
(18 [35%] of 51 included studies). To address this 
limitation, we rigorously assessed risk of bias, and 
subsequently excluded NRSIs with a critical risk of 
bias from meta-analysis as suggested by ROBINS-I.15 
However, with often only one remaining 
peer-reviewed study per outcome, planned sensitivity 
analyses were not meaningful. Nevertheless, whether 
peer-review affects the robustness of our findings is 
unclear.

Finally, the effect estimates underlying the calculated 
vaccine effectiveness varied across studies. Although 
vaccine efficacy from RCTs24,25 was based on incidence 
rate ratios, considering person-years to address 
surveillance time, vaccine effectiveness from NRSIs 
was calculated on the basis of incidence rate 
ratios,29,30,40,42,49,50 hazard ratios,43,44,47 RRs,45 or 
ORs. 27,28,32,46,48,51–54 However, no outliers were identified in 
meta-analyses. Therefore, the calculation of vaccine 
effectiveness estimates are unlikely to have had a 
substantial effect on the overall effect.
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In conclusion, a primary vaccination series with 
BNT162b2 and mRNA-1273 was probably highly 
effective in preventing SARS-CoV-2 infections and 
symptomatic COVID-19 in children aged 5–11 years 
before the emergence of omicron. Evidence of low 
certainty suggests that these vaccines are less effective 
against omicron infections, but still protect well against 
hospitalisations due to COVID-19. Little to no evidence 
exists on the risk of MIS-C or post-COVID-19 condition 
following SARS-CoV-2 infection in vaccinated children. 
Booster vaccination probably increases effectiveness, 
also against omicron infections. Evidence of moderate 
certainty suggests that vaccines are reactogenic but 
probably safe in the investigated age group. The risk of 
serious adverse events and myocarditis is uncertain, 
but observed event rates were low, and even lower after 
booster vaccination.

Continuous evaluation of the evidence is needed to 
assess the changing epidemiological landscape and to 
provide a solid base for medical guidelines and clinical 
decision making. Findings of this systematic review can 
serve as a basis for public health policy and individual 
decision making on COVID-19 vaccination in 5–11-year-
olds.
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