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Abstract. – OBJECTIVE: To evaluate the vac-
cine effectiveness (VE) of mRNA COVID-19 vac-
cines in children using a meta-analysis approach.

MATERIALS AND METHODS: Relevant stud-
ies on the use of mRNA COVID-19 vaccines in 
children were identified through computerized 
searches. VE-related indicators were extracted, 
and data analysis was performed using the R 
software with the meta-package.

RESULTS: This study included a total of 12 rele-
vant articles involving 9,963,732 participants from 
multiple centers in different countries, includ-
ing the United States, Canada, Singapore, Isra-
el, South Korea, and Qatar. The administered vac-
cine types included BNT162b2 and mRNA-1273. 
Participants were categorized into partially im-
munized (one dose of vaccine) and fully immu-
nized (two doses of vaccine). Four articles report-
ed VE after one dose of vaccine, while 12 report-
ed VE after two doses. Heterogeneity analysis in-
dicated significant heterogeneity among the stud-
ies, warranting the use of a random-effects mod-
el for analysis. Meta-analysis results revealed that 
the VE of partial immunization ranged from 16.61 
(95% CI: 6.32-25.77) to 34.30 (95% CI: 24.21-43.04), 
with a pooled VE of 22.80 (95% CI: 15.68-29.32). 
The VE after full immunization ranged from 16.14 
(95% CI: 14.42-17.83) to 90.47 (95% CI: 67.42-97.21), 
with a pooled VE of 56.17 (95% CI: 41.12-67.37). Me-
ta-regression analysis showed no statistically sig-
nificant correlation between VE and time (p>0.05).

CONCLUSIONS: Both partial and full immu-
nization of the BNT162b2 mRNA vaccine pro-
vide benefits in reducing infection rates. VE var-
ies over time and is closely associated with vi-
ral mutations and waning immunity. The specific 
mechanisms require further investigation.
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Introduction

The Coronavirus Disease 2019 (COVID-19) 
has been officially declared as an international 

public health emergency by the World Health Or-
ganization (WHO) due to its rapid and extensive 
dissemination across the world1. The COVID-19 
pandemic has accounted for substantial morbidity 
and mortality. Infection with Severe Acute Respi-
ratory Syndrome Coronavirus 2 (SARS-CoV-2) 
can cause various severe complications, including 
Multisystem Inflammatory Syndrome in Children 
(MIS-C)2. Due to social interaction, school-aged 
children (5 to 11 years old) constituted a signifi-
cant proportion of COVID-19 cases and substan-
tially contributed to the dissemination of SARS-
CoV-23,4, resulting in significantly compromised 
physical and psychological health of the children. 
Thus, vaccination is of great importance5.

Vaccination is the cornerstone for preventing 
infections and reducing mortality rates. The ad-
ministration of vaccines has eradicated the impact 
of contagious diseases such as smallpox, measles, 
and polio on public health. Safe and effective ad-
ministration of COVID-19 mRNA vaccines offered 
benefits in disease prevention in children and con-
tributed to their return to normal life and school. 
COVID-19 mRNA vaccines have shown6,7 safety, 
immunogenicity, and effectiveness against SARS-
CoV-2 in adults, as well as in adolescents (aged 
12-18 years) and children (aged 5-11 years). They 
have received authorization from the U.S. Food 
and Drug Administration and, by the end of 2021, 
from the European Medicines Agency for their use 
in children aged 5 to 11. Early data4 on the CO-
VID-19 pandemic indicated a comparatively lower 
risk of illness in children. Coupled with vaccine 
safety apprehensions, this has led to limited vacci-
nation of children globally, especially those under 
11 years old, resulting in a slow implementation of 
vaccination efforts8. As of the end of 2021 and be-
fore the Omicron surge, about 50-70% of children 
worldwide remained vulnerable to COVID-19, em-
phasizing the necessity for improved vaccines and 
expanded vaccination coverage among children9.
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Children experience milder symptoms after 
contracting COVID-19 than adults, and the 
injection of vaccine in children has been a subject 
of debate10. Furthermore, evidence11 suggests that 
since the transition from the Delta to the Omicron 
variant of the COVID-19 virus, the likelihood of 
severe COVID-19 in children aged 6 to 11 has 
significantly decreased (OR=0.47, 95% CI: 0.33-
0.66). While the Omicron variant is known for 
its increased transmissibility, instances of MIS-C 
have been infrequently documented12.

The recommended metric for determining 
vaccine efficacy is vaccine effectiveness (VE)13. 
Therefore, given the lower risk of severe illness 
in children after contracting COVID-19, a careful 
evaluation of the VE of COVID-19 vaccination is 
warranted. This study employs a meta-analysis 
approach to evaluate the VE of mRNA CO-
VID-19 vaccines in children.

 

Materials and Methods

Search Strategy
This systematic review was reported in ac-

cordance with the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRI-
SMA) 2020 guidelines. We conducted a sy-
stematic search of the PubMed, Medline, and 
Embase databases, as well as the China Natio-
nal Knowledge Infrastructure (CNKI), VIP, and 
Wanfang databases. The search was conducted 
from the inception of the databases up until 
April 25, 2022. English search terms included: 
“vaccine,” “vaccination,” “mRNA vaccines,” 
“COVID-19,” and “SARS-CoV-2.” Chinese se-
arch terms included: “新冠肺炎” (COVID-19), “
新冠病毒感染” (COVID-19 virus infection), and 
“mRNA疫苗” (mRNA vaccines).

Inclusion and Exclusion Criteria
Inclusion criteria: (1) Study participants aged 

5-11 years with no underlying comorbidities; (2) 
Intervention involved administration of COVID-19 
mRNA vaccines, regardless of the vaccine type; (3) 
Study design was randomized controlled clinical 
trials; (4) Outcome measures included basic demo-
graphic information, types and doses of vaccines 
used, gender, age, time interval from vaccination to 
follow-up, and SARS-CoV-2 infection status.

Exclusion criteria: (1) Basic experiments; (2) 
Studies focused on children under 12 years old or 
adults (≥18 years old); (3) Case reports or case se-
ries reports; (4) Study participants with underlying 

comorbidities; (5) Patients in the study who were 
already infected with SARS-CoV-2 before vacci-
nation; (6) Inappropriate statistical methods; (7) 
Incomplete data; (8) Duplicate publications.

Literature Screening
The retrieved literature was imported into End-

note software. Two review authors independently 
screened titles and abstracts to identify relevant 
studies. Full texts of potentially eligible articles 
were read to determine their eligibility. Any di-
screpancies between the two reviewers were resol-
ved through discussion and adjudicated by a third 
reviewer. Full reports were retrieved for every 
record deemed potentially eligible. Two review 
authors independently screened these full-text ar-
ticles to determine the studies to be included in the 
review. In case of disagreements, consensus was 
reached through discussion with a third reviewer. 
Reasons for excluding full-text reports were recor-
ded, and duplicate records were removed.

Data Collection
A standardized data extraction form was deve-

loped using Excel software to collect data from 
the included literature. The collected data included 
publication information, basic information about 
study participants, types and doses of vaccines 
used, gender, age, time interval from vaccination 
to follow-up, and SARS-CoV-2 infection status. 
Any discrepancies in data extraction were resolved 
through discussion or by a third reviewer.

Statistical Analysis
R software (MathSoft, version 4.0.3, available 

at: https://www.r-project.org) was used for data 
analysis. Heterogeneity among included studies 
was measured using I2, and the Cochran Q test was 
used to test heterogeneity. An I2 of 0% indicated 
no observed heterogeneity, with increasing values 
indicating increasing heterogeneity. In this study, 
I2>50% indicated significant heterogeneity among 
the studies, requiring subgroup analysis or the use 
of a random-effects model; I2≤50% indicated no 
significant heterogeneity among the studies, and 
a fixed-effects model was used for analysis. A si-
gnificance level of p<0.05 was set for determining 
statistical significance. A funnel plot was used for 
visual assessment of publication bias. The primary 
outcome measure assessed in this study was VE, 
calculated by the formula: VE=(Infection rate in 
the placebo group during a certain observation 
period - Infection rate in the vaccine group) / In-
fection rate in the placebo group.
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Results

Literature Selection Results
A total of 647 articles were identified through 

database searches and additional sources. After 
removing duplicates, 326 articles remained. Fol-
lowing the inclusion and exclusion criteria, and 
after reviewing abstracts and full texts to exclude 
irrelevant studies, a total of 12 articles7,14-24 were 
included for meta-analysis. The flowchart of lite-
rature selection is presented in Figure 1. Among 
the included studies, a total of 9,963,732 partici-
pants from multiple centers were involved, span-
ning countries such as the United States, Canada, 
Singapore, Israel, South Korea, and Qatar. The 
administered vaccine types included BNT162b2 
and mRNA-1273. Basic information about the 
included studies is provided in Table I.

Partial Immunization VE Analysis
Participants were categorized into partially im-

munized (receiving one vaccine dose) and fully 
immunized groups (receiving two vaccine doses). 
Four studies16,17,19,21 reported the effectiveness of par-
tial immunization. Heterogeneity analysis indicated 
significant heterogeneity among the studies16,17,19,21 

(I2=80%, p<0.01), resulting in the use of a ran-
dom-effects model for analysis. The results revealed 

that the highest VE for partial immunization was 
16.61 (95% CI: 6,3225.77), with a peak of 34.30 (95% 
CI: 24,2143.04). The pooled VE was 22.80 (95% CI: 
15.68-29.32). The forest plot for VE in partial immu-
nization is illustrated in Figure 2. An assessment of 
publication bias using a funnel plot demonstrated 
significant asymmetry, as shown in Figure 3.

Full Immunization VE Analysis
Among the 12 studies7,14-24 that reported the ef-

fectiveness of full immunization, a significant he-
terogeneity was observed across the studies7,14-24 

(I2=100%, p<0.01). The results of the meta-a-
nalysis using a random-effects model indicated 
that the highest VE for full immunization was 
16.14 (95% CI: 14.42-17.83), with the maximum 
reaching 90.47 (95% CI: 67.42-97.21). The pooled 
VE was calculated to be 56.17 (95% CI: 41.12-
67.37). The forest plot depicting the VE for full 
immunization is shown in Figure 4. A funnel plot 
that was used to assess publication bias exhibited 
significant asymmetry, as illustrated in Figure 5. 

The Influence of Time After Full 
Immunization on VE

To further explore the impact of time on VE, a me-
ta-regression analysis was conducted based on the me-
dian follow-up time after achieving full immunization. 

Table I. Basic information from the included literature.

       Gender 
       (Male/
Author Year Country Vaccine Study Type n Age Female) Outcome

Walter et al7 2021 US BNT162b2 RCT 2,268 8.2±1.94 1,182/1,086 2 doses
Creech 2022 US and mRNA-1273 RCT 4,002 8.5±1.7 2,035/1,967 2 doses
et al14  Canada
Klein et al15 2022 US BNT162b2 Real-world 9,181 - - 2 doses
Tan et al16 2022 Singapore BNT162b2 Real-world 255,936 - - 1 dose and 
        2 doses
Cohen-Stavi 2022 Israel BNT162b2 Matched 189,456 - 97,290/ 1 dose and 
et al17    Case-control    92,116 2 doses
Glatman- 2023 Israel BNT162b2 Matched 157,082 - 39,366/ 2 doses
Freedman     Case-control    39,375
et al18

Oliveira 2023 China BNT162b2 Case-control 6,947 7.5±1.9 3,734/3,213 1 dose and
et al19   and CoronaVac      2 doses
Jang 2023 South BNT162b2 Real-world 3,062,281 - 1,570,185/ 2 doses
et al20  Korea     1,492,096
Sacco 2022 Italy BNT162b2 Retrospective 2,965,918 - 1,524,752/ 1 dose and 
et al21    analysis    1,441,166 2 doses
Price et al22 2022 US BNT162b2 Case-control 537 - 301/236 2 doses
Mattiuzzi 2022 Italy BNT162b2 Real-world 3,196,066 - - 2 doses
and Lippi23

Chemaitelly 2022 Qatar BNT162b2 Real-world 113,758 57,976 55,782 2 doses
et al24
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A bubble plot was used to illustrate the relation-
ship between vaccine administration, infection, and 
post-immunization time. The size of the bubbles re-
presents the variance of the effect size; the larger the 
circle, the smaller the variance of the effect size in 
the study, indicating higher precision and greater wei-
ght. Notable, no statistically significant correlation 
between VE and time was observed (p>0.05). The 
meta-regression bubble plot is presented in Figure 6.

 

Discussion

On March 11, 2020, the WHO declared a global 
pandemic of COVID-19, severely affecting the 

physical and mental health of individuals. Immuni-
zation stands as a primary means to control severe 
infectious diseases. COVID-19 vaccination began 
in December 2020, initially targeting healthcare 
workers and vulnerable populations, later exten-
ding to healthy individuals aged 12 and above25. 
In the early stages of the global pandemic, the 
prevalence and severity of COVID-19 in children 
were remarkably low, possibly due to the higher 
occurrence of asymptomatic or mild cases26. In No-
vember 2021, the U.S. FDA granted emergency use 
authorization for the BNT162b2 mRNA vaccine for 
preventing COVID-19 in children aged 5 to 1127.

This study included a total of 127,14-24 resear-
ch articles involving 9,963,732 participants from 

Figure 1. Flowchart 
diagram.

Figure 2. VE forest of partial immunization.
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multiple centers in different countries. The vacci-
nes administered in these studies were BNT162b2 
and mRNA-1273. The VE for individuals was 
22.80% (95% CI: 15,6829.32) for partial immu-
nization and 56.17% (95% CI: 41,1267.37) for 
full immunization. VE after mRNA vaccination 
varies significantly among different age groups. A 
systematic review and meta-analysis28 providing 
information for the Advisory Committee for Im-
munization Practices (ACIP) policy discussions 
found that compared to unvaccinated adults, the 
BNT162b2 vaccine showed a high protective effect 

against symptomatic laboratory-confirmed CO-
VID-19 (VE: 92.4%), COVID-19 hospitalization 
(VE: 94.3%), COVID-19 mortality (VE: 96.1%), 
and asymptomatic SARS-CoV-2 infection (VE: 
88.1%), forming the evidential basis for the wi-
despread use of BNT162b2. For adolescents, a 
meta-analysis by Katoto et al29, which included 
15 studies, analyzed the VE of mRNA vaccines 
for individuals aged 12 to 17. It confirmed that 
BNT162b2 can protect fully immunized teena-
gers, reducing the risk of COVID-19 infection by 
82.7% (95% CI: 78.37-87.31%). In clinical practice, 

Figure 4. VE forest of full immunization.

Figure 3. Funnel plot of partial im-
munization.
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BNT162b2 has been remarkably effective in redu-
cing COVID-19 hospitalization and severe risks 
among adolescents aged 12 to 18. However, data 
on the effectiveness of the vaccine for children 
aged 5 to 11 is scarce. An early meta-analysis30 of 
a study targeting the Omicron variant indicated 
that mRNA vaccines provided a moderate level of 
protection in children aged 5 to 11, with a VE of 
41.6% (95% CI: 28.1-52.6%), thus establishing an 
evidential basis for COVID-19 vaccination in this 

age group. Unlike this study, which did not limit 
the type of infection, our research focused on in-
dividuals with no prior infection, leading to higher 
results. A typical phenomenon observed31 in most 
vaccines is a decline in effectiveness over time due 
to waning immunity. There are reports in the lite-
rature32 that state that an increasing number of pa-
tients with newly developed autoimmune inflam-
matory rheumatism (AIRD) after receiving the 
COVID-19 vaccine have developed AIRD-related 

Figure 5. Funnel plot of full 
immunization.

Figure 6. Meta-regression bubble chart.
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symptoms after three doses of vaccination. Rheu-
matoid arthritis, systemic lupus erythematosus, 
Sjogren’s syndrome, psoriatic arthritis, ankylosing 
spondylitis, systemic sclerosis, mixed connective 
tissue disease, and eosinophilic granulomatosis 
are, respectively, polyangitis and inflammatory 
myositis. After receiving the COVID-19 vaccine, 
autoimmune or inflammatory rheumatism may 
occur. Waning immunity and viral mutations may 
have repercussions on VE over time. The results 
of a Phase II/III RCT study33 suggested reduced 
effectiveness against symptomatic laboratory-con-
firmed COVID-19 after more than four months 
of vaccination. In the current study, we utilized 
meta-regression to analyze the impact of post-vac-
cination time on VE and found no statistically 
significant correlation between post-vaccination 
time and VE, possibly related to significant hete-
rogeneity among studies.

This study exhibits significant heterogeneity 
and publication bias, primarily due to several fac-
tors. First, there are substantial regional and tem-
poral variations in COVID-19 infections, resulting 
in markedly different outcomes in different times 
and areas. Second, there is a noticeable disparity 
in follow-up duration. In this study, the shortest 
follow-up period was 7 days after full vaccination, 
while the longest was 6 months. Because VE is 
closely associated with time, this leads to signifi-
cant heterogeneity among different studies.

 

Conclusions

Both partial and full immunization of the BN-
T162b2 mRNA vaccine provide benefits in redu-
cing infection rates. Vaccine VE varies over time 
and is closely associated with viral mutations 
and waning immunity. The specific mechanisms 
require further investigation.
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