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Abstract: Background: By 16 May 2022, 12,186,798,032 people had been vaccinated with COVID-19
vaccines. Our study found that myocarditis/pericarditis may occur in adolescents after COVID-19
vaccination. Methods: In this regard, we conducted a meta-analysis of seven groups of adolescents
aged 12–19 years to compare the incidence of myocarditis/pericarditis after vaccination and compare
the relative risk incidence after the first and second doses of a COVID-19 vaccine, and between males
and females for risk incidence. Results: We analyzed 22,020,997 subjects from seven studies, including
130 cases of confirmed myocarditis/pericarditis. The overall mean incidence rate was 1.69 cases per
100,000 person-years. Of these, 19 of the 12,122,244 people who received a first dose of a COVID-19
vaccine had myocarditis/pericarditis, an incidence rate of 0.0022% (95% CI 0.0001–0.0034), and 111 of
the 1,008,753 people who received a second dose had myocarditis/pericarditis, an incidence rate of
0.0107% (95% CI 0.0059–0.0155). The prevalence relative ratio (RR) after the first and second doses
was RR = 5.53 (95% CI: 3.01–10.16), with a higher prevalence after the second dose than after the first
dose of a COVID-19 vaccine. After a second dose of a COVID-19 vaccine, the RR for males relative to
females was RR = 13.91 (95% CI: 4.30–44.95), with a more pronounced risk of disease in males than in
females. Conclusions: Our study showed that myocarditis/pericarditis occurred after vaccination
with the BNT162b2 or Comirnaty vaccine, especially after the second vaccination in male adolescents,
but the incidence of myocarditis/pericarditis after vaccination with the above vaccines was very rare
(0.0022%). Therefore, it is recommended that adolescents should be vaccinated with the COVID-19
universal vaccine as soon as possible and closely monitored for subsequent adverse reactions, which
can be treated promptly.
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1. Introduction

The emergence of a novel coronavirus strain in 2019, severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), has led to the global spread of novel coronavirus pneumonia
in 2019, and the current global pandemic remains severe. According to the latest report from
the World Health Organization (WHO), as of 29 April 2022, there were 607,159 new cases
and 2504 new deaths worldwide in the preceding twenty-four hours, with a cumulative
total of 510 million confirmed cases, including more than 6 million deaths [1].

However, most reports related to COVID-19 have focused on adults, while several
questions regarding children and adolescents with SARS-CoV-2 infection remain unan-
swered [2,3]. According to the American Academy of Pediatrics, the total number of
reported pediatric COVID-19 cases as of 22 April 2022 was 12,937,304, with children ac-
counting for 19.0% of all cases [4]. Currently, SARS-CoV-2 vaccination is still considered
the most effective way to prevent pneumonia and reduce its mortality [5]. On 12 May 2021,
the Advisory Committee on Immunization Practices (ACIP) recommended using the Pfizer-
BioNTech COVID-19 vaccine in adolescents 12–15 years of age, under the U.S. Food and
Drug Administration (FDA) Emergency Use Authorization (EUA) [6]. Growing evidence
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confirms the efficacy and safety of the SARS-CoV-2 vaccine in children and adolescents [7].
However, while affirming its safety, we have also noticed its side effects [8]. In addi-
tion to mild–moderate adverse reactions such as allergic reactions [9] and multisystem
inflammatory syndrome [10] in children, we have noted more serious side effects such as
myocarditis [11]. In the past few months, there have been increasing international reports of
a higher, while still rare, incidence of myocarditis or pericarditis within one week of receiv-
ing the second dose of mRNA COVID-19 vaccine (Pfizer-BioNTech BNT162b2/Comirnaty),
more commonly in males, mainly adolescents and young adults [4,12–15]. These adverse
reactions can lead to hesitation about vaccinations [16,17].

The purpose of this paper is to collect and analyze published studies, systematically
assess the incidence of myocarditis and pericarditis after COVID-19 vaccination in children
and adolescents, and serve as a guide for researchers to re-evaluate and contribute to the
promotion of the COVID-19 vaccine in adolescents and children.

2. Materials and Methods
2.1. Search Strategy

Our study was carried out according to the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) [18]. The study protocol is registered in the
prospective systematic review (PROSPERO, CRD42022326128).

We systematically searched for articles published in the following electronic databases:
PubMed, Web of Science and Embase, for literature related to myocarditis or pericarditis
after COVID-19 vaccination in adolescents. For this study, we searched using the following
combinations as search terms: SARS-CoV-2 or COVID-19 or novel coronavirus, child or
children or infants or adolescents or adolescence or young adults, vaccine or vaccination
and myocarditis or pericarditis. Relevant literature was searched up to 1 May 2022. The
detailed search formula is presented in the remainder of this section.

2.2. Inclusion and Exclusion Criteria

The following studies were included:

(1) Studies of the onset of myocarditis or pericarditis in adolescents following COVID-19
vaccination, including RCTs and observational studies.

(2) Age of patients ≤19 years.

The following studies were excluded:

(1) Studies not relevant to the subjects analyzed, including those that did not use the
COVID-19 vaccine as an exposure parameter, and studies that were not on the onset
of myocarditis or pericarditis in adolescents following vaccination.

(2) Insufficient data to calculate the incidence and outcome of myocarditis or pericarditis
in adolescents with the COVID-19 vaccine.

(3) Duplication or studies with overlapping disciplines.
(4) Non-original studies: reviews, meta-analyses, systematic evaluations, case studies,

conference reports and research protocols.

2.3. Data Extraction

Two investigators independently screened and reviewed the articles, with any arising
discrepancies resolved by a third investigator.

The following data were extracted from the articles that were finally included in
the study:

(1) Basic information: surname of first author, date of publication, type of study, country.
(2) Characteristics of the sample: sample size and age group.
(3) Information on the COVID-19 vaccine: type and dose.
(4) Outcome of morbidity after COVID-19 vaccination: total number of individuals and

number of men and women with morbidity after different doses of vaccine. The data
we extracted are shown below.
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2.4. Risk of Bias Assessment

Two investigators independently assessed the quality of included studies using the
Newcastle Ottawa Scale (NOS) [19], as used for cohort studies, consulting a third author in
the absence of consensus. We categorized studies as low (7–9 stars), moderate (5–6 stars),
and high risk of bias (0–4 stars), and included studies with scores ≥7 for meta-analysis.
Our assessment of the quality and risk of the literature is shown below.

2.5. Data Synthesis and Analysis

The incidence of confirmed myocarditis or pericarditis was extracted from each report,
as well as the difference between the first and second dose, and the difference between
males and females. Statistical heterogeneity between studies was assessed using I-squared.
Because significant heterogeneity was detected, a random-effects model was applied and a
meta-analysis was performed to calculate the combined RR (risk ratio) and 95% confidence
interval. Stata (version 15.1) was used to analyze the data.

3. Results
3.1. Characteristics of Included Studies

We identified 152 potentially eligible articles in the PubMed, Web of Science and
Embase databases. After deleting duplicate records using Endnote X8, 130 records remained.
The majority of articles (n = 97) did not meet the inclusion criteria and were excluded after
reviewing their titles, abstracts and full texts. A total of 33 articles were screened for
eligibility and reviewed for full text, and finally, 7 articles were included in the meta-
analysis, including 6 retrospective cohort studies and 1 prospective cohort study.

Of the studies analyzing prevalence, two studies included children and adolescents
from China (578,979), two studies from Israel (848,385), one study from Denmark (261,334)
and one study from South Korea (444,313). Of the studies analyzing the prevalence in men
and women, two studies were from Israel (356,268 male subjects and 369,016 female subjects).

Participants received the BNT162b2 mRNA COVID-19 vaccine in four studies (two
studies from Israel, one study from China and one study from Korea); the Pfizer Biologics
mRNA COVID vaccine in one study from Denmark; the Comirnaty vaccine in one study in
a Chinese population; and one vaccine from a Chinese study is unknown. The risk of bias
was low in all studies, indicating high quality.

3.2. Incidence of Myocarditis or Pericarditis after the First/Second Dose of the Vaccine

Figures S2 and S3 summarize the incidence of myocarditis or pericarditis after the first
and second doses of the vaccine. For the first dose of a COVID-19 vaccine, the combined ef-
fectiveness of infection was 0.0022% (95% CI: 0.0010–0.0034%), p = 0.000, I-squared = 81.2%,
with significant heterogeneity. For the second dose of a COVID-19 vaccine, the combined
effectiveness was 0.0107% (95% CI: 0.0059–0.0155%), p =0.000, I-squared = 91.1% with
significant heterogeneity.

3.3. Incidence Risk Relative to the Second and First Doses

Figure S4 summarizes the relative risk of incidence of myocarditis or pericarditis
after the first and second doses. The relative risk for the first dose relative to the second
dose corresponds to an RR = 5.53 (95% CI: 3.01–10.16) p = 0. 114, I-squared = 46.3% with
confidence in the data.

3.4. Male and Female Relative Risk Incidence of Myocarditis or Pericarditis

Figure S5 summarizes the rate for males relative to females after the second dose of
vaccination as RR = 13.91 (95% CI: 4.30–44.95), p = 0.851, I-squared = 0.00% and there is
confidence in the data.
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4. Discussion

To our knowledge, this is the first meta-analysis to assess the occurrence of myocarditis
or pericarditis following COVID-19 vaccination in adolescents. After screening, seven stud-
ies in adolescents, aged 12–19 years, six retrospective cohort studies and one prospective
cohort study, were included in this paper. In terms of post-vaccination myocarditis or
pericarditis, our study showed that the incidence rates in the adolescent cohort after the
first and second doses of the vaccine were 0.0022% and 0.0107%, the ratio of incidence rates
for the second dose relative to the first dose was RR = 5.53, and the ratio of incidence rates
for males relative to females after the second dose of the vaccine was RR = 13.91. In the
pre-COVID-19 era, vaccine-associated pericarditis accounted for 0.1% of the 620,195 reports
submitted to the Vaccine Adverse Event Reporting System (VAERS) between 1990 and
2018 [20]. Case reports of myocarditis associated with COVID-19 vaccine were first pub-
lished in March 2021, and since then, understanding this new adverse event of the vaccine
has been a challenge due to a lack of comprehensive data [21]. This meta-analysis sum-
marizes seven retrospective cohort studies that systematically analyzed the incidence and
relative risk of myocarditis/pericarditis associated with the first versus second dose of
the vaccine in adolescent populations, as well as the relative risk of incidence in males
versus females.

The incidence of myocarditis and pericarditis after the first and second doses of the
vaccine in the adolescent population is also of great concern affecting adolescent vaccina-
tion [22–25]. We included seven cohort studies for incidence after the first dose [26–32],
which was 0.0022% (95% CI 0.000995–0.003394). We included five cohort studies [27,28,30–32]
for incidence after the second dose, which was 0.0107% (95% CI: 0.0059–0.0155%). There
was a large heterogeneity in the results. Meta-regression analysis excluded the following
sources of heterogeneity: number of cases, total number included, country, age and diag-
nostic criteria. The overall average incidence rate was 1.69 cases per 100,000 person-years.
We also looked for epidemiological studies of pre-pandemic myocarditis/pericarditis to
compare with the incidence rates in our study. In a Korean study, the incidence of my-
ocarditis/pericarditis in adolescents aged 12–17 years was 1.22/1000 hospitalizations from
2010 to 2019 [33]. In a national study in Finland, the overall incidence of myocarditis
in children aged ≤15 years was 1.95/100,000 person-years from 2004 to 2014 [34]. The
incidence of pericarditis/myocarditis was not significantly higher after the first or second
dose of the vaccine relative to the incidence of pericarditis/myocarditis before vaccination.
Although the mechanism is uncertain, this conclusion has been reached in several other
studies [35–38]. ACIP conducted an evaluation using a method previously used to assess
the benefit–risk balance of mRNA vaccines in adolescents, comparing the benefits of vacci-
nation in adolescents (prevention of COVID-19 infection and other diseases) with the risks
(total number of people with myocarditis after vaccination) [39]. The overall result was
that the benefits outweighed the risks [39]. Overall, the risk of harm from myocarditis to
adolescents with myocarditis or pericarditis is small, and active vaccination is still needed
in the context of an epidemic.

Regarding the difference in morbidity after the first and second doses of the vaccine,
five studies were included for relative risk analysis [27,28,30–32] and the morbidity ratio for
the second dose versus the first dose was RR = 5.53 (95% CI: 3.01–10.16). This was also sup-
ported by other studies that showed that a second dose of a COVID-19 vaccine significantly
increased the risk of myocarditis/pericarditis relative to the first dose. A case–control study
from Hong Kong found that the risk of myocarditis/pericarditis was mainly seen after the
second dose of a BNT162b2 vaccine rather than after the first dose [40]. A study from the
USA found that the number of illnesses was higher after the second vaccination [39,41]. An
observational study based on VigiBase, the World Health Organization’s global database
of individual case safety reports, found that the risk of disease increased significantly
after the second dose. However, the disease was mild and would heal well with timely
treatment [36]. The above indicates the need to monitor health status after a second vaccine
dose in order to facilitate timely diagnosis and treatment. Some regions have suggested
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that the second dose policy could be delayed if the local epidemic is stable, in order to
mitigate the high incidence of disease resulting from the second dose (insert), but this
suggestion warrants further validation.

In addition to this, several studies have reported different risks of myocarditis and
pericarditis in adolescent males and females following COVID-19 vaccination. After screen-
ing, two studies in children and adolescents aged 12–19 years were included in this part
of our report. Two retrospective cohort studies were conducted by DrorMevorach et al.
in 2021 and 2022, respectively [31,32]. After analysis, our study showed that the overall
incidence of acute myocarditis and pericarditis after the second dose of the vaccination
was 41/356309 in adolescent males and 3/369019 in adolescent females with an RR = 13.91
(95% CI, 4.30–44.95) for males relative to females. This means that this disease process
is different in terms of sex, with males being more likely to develop myocarditis and
pericarditis after a second dose of a COVID-19 vaccine. Similarly, many reviews have
spoken of boys being at greater risk of developing myocarditis/pericarditis after vaccina-
tion. Supriya Jain conducted a retrospective multicenter study in 16 hospitals in the USA,
where the mean age of the 63 patients diagnosed with C-VAM was 15.6 ± 1.8 years and
58 patients (92%) were male [42]. Jonathan Yap et al. conducted a study of a review of
the HSA vaccine adverse event reporting system up to 25 July 2021 and showed that the
highest incidence of pericarditis was in males aged 12–19 years, with an incidence rate of
1.11 cases per 100,000 doses [43]. In conclusion, many studies have shown that the inci-
dence of myocarditis and pericarditis after a second dose of the vaccine is higher in males
than in females among adolescents, further supporting the results of our meta-analysis.
There is no clear pathophysiological mechanism for the explanation of this phenomenon.
This may be related to hormone-mediated signaling. Testosterone has the ability to re-
duce anti-inflammatory immune cells while enhancing the immune response of T helper
1 cells. Estrogen, in contrast, reduces cell-mediated immune responses by suppressing
pro-inflammatory T cells [44]. We recommend that male adolescents pay more attention to
their adverse reactions after vaccination and that they be treated promptly.

However, our study also had some limitations. Firstly, the limited number of subjects
used in our study, the different diagnostic criteria for myocarditis/pericarditis and the fact
that the study subjects had different study objectives and study methods all contributed
to some bias in the results. When assessing prevalence in men and women, we found too
few relevant studies worldwide, making the results potentially biased. Our meta-analysis
provides a great tool for enhancing global adolescent vaccination, as our study shows
a lower risk of myocarditis/pericarditis prevalence after vaccination. It also provides
better post-vaccination recommendations, such as prompt observation of one’s adverse
symptoms after a second vaccination dose or after male adolescents are vaccinated, so
that a timely diagnosis and treatment can lead to better healing. It also provides clinical
direction for doctors to consider the diagnosis of myocarditis/pericarditis in patients who
have received a COVID-19 vaccine, especially in men after a second dose of a vaccine, as
well as providing ideas for vaccine developers to produce a vaccine that will reduce the
risk of myocarditis/pericarditis after a second dose or in men.

5. Conclusions

For the current study, there was no significant increase in the incidence of myocardi-
tis/pericarditis after COVID-19 vaccination in adolescents and symptoms were mild. How-
ever, after the second vaccine dose in male adolescents, the risk of morbidity was signifi-
cantly increased relative to the first dose and in female adolescents. We recommend that
male adolescents and those who have received a second vaccine dose should be promptly
monitored for adverse reactions and treated promptly for early recovery as the symptoms
are mild. Studies on myocarditis/pericarditis associated with COVID-19 vaccines in ado-
lescents remain scarce and useful data are limited. Further clinical trials and basic research
are needed to explore this.
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of myocarditis or pericarditis after the second dose of a vaccine, Figure S4: Incidence risk relative
to the second and first doses, Figure S5: Male and female relative risk incidence of myocarditis
or pericarditis.

Author Contributions: Conceptualization and study design, M.L. and B.Y.; literature search, data ex-
traction, literature quality assessment, X.W. and J.F.; statistical analysis and manuscript writing, M.L.,
X.W., J.F., Z.F. and W.L. All authors have read and agreed to the published version of the manuscript.

Funding: This work was supported by the Undergraduates Innovation Training Program and the
Undergraduates Scientific Research Programs of Jining Medical University (The funding number are
Nos.cx2020023 and cx2020071, the funder is Bailiu Ya).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data can be obtained by contacting the corresponding author.

Acknowledgments: Thanks to all authors for their contributions to this article. All individuals
included in this section have consented to the acknowledgement.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Word Health Organization. WHO Coronavirus (COVID-19) Dashboard. Available online: https://covid19.who.int/ (accessed on

29 April 2022).
2. Bourgeois, F.T.; Gutierrez-Sacristan, A.; Keller, M.S.; Liu, M.; Hong, C.; Bonzel, C.L.; Tan, A.L.M.; Aronow, B.J.; Boeker, M.; Booth,

J.; et al. International Analysis of Electronic Health Records of Children and Youth Hospitalized With COVID-19 Infection in
6 Countries. JAMA Netw. Open 2021, 4, e2112596. [CrossRef] [PubMed]

3. Calcaterra, G.; Mehta, J.L.; Fanos, V.; Bassareo, P.P. Insights on Kawasaki disease and multisystem inflammatory syndrome:
Relationship with COVID-19 infection. Minerva Pediatr. 2021, 73, 203–208. [CrossRef] [PubMed]

4. American Academic of Pediatrics. Children and COVID-19 State Level Data Report. Available online: https://www.aap.org/en/
pages/2019-novel-coronavirus-covid-19-infections/children-and-covid-19-state-level-data-report/ (accessed on 22 April 2022).

5. Word Health Organization. Available online: https://www.who.int/ (accessed on 29 April 2022).
6. Pfizer. Fact Sheet for Healthcare Providers Administering Vaccine (Vaccination Providers). Available online: http://labeling.

pfizer.com/ShowLabeling.aspx?id=14471&format=pdf&&page=13 (accessed on 29 April 2022).
7. Gao, P.; Cai, S.; Liu, Q.; Du, M.; Liu, J.; Liu, M. Effectiveness and Safety of SARS-CoV-2 Vaccines among Children and Adolescents:

A Systematic Review and Meta-Analysis. Vaccines 2022, 10, 421. [CrossRef] [PubMed]
8. Gubernot, D.; Jazwa, A.; Niu, M.; Baumblatt, J.; Gee, J.; Moro, P.; Duffy, J.; Harrington, T.; McNeil, M.M.; Broder, K.; et al. U.S.

Population-Based background incidence rates of medical conditions for use in safety assessment of COVID-19 vaccines. Vaccine
2021, 39, 3666–3677. [CrossRef]

9. Shimabukuro, T.; Nair, N. Allergic Reactions Including Anaphylaxis After Receipt of the First Dose of Pfizer-BioNTech COVID-19
Vaccine. JAMA 2021, 325, 780–781. [CrossRef]

10. CDC. COVID Data Tracker. Available online: https://covid.cdc.gov/covid-data-tracker/#pediatric-data (accessed on
29 April 2022).

11. CDC. Possible Side Effects after Getting a COVID-19 Vaccine. Available online: https://www.cdc.gov/coronavirus/2019-ncov/
vaccines/expect/after.html (accessed on 29 April 2022).

12. Ministry of Health. Surveillance of Myocarditis (Inflammation of the Heart Muscle) Cases between December 2020 and May 2021
(Including). Available online: https://www.gov.il/en/departments/news/01062021-03 (accessed on 29 April 2022).

13. Therapeutic Goods Administration, Australian Government. COVID-19 Vaccine Weekly Safety Report—15-07-2021. Available
online: https://www.tga.gov.au/periodic/covid-19-vaccine-weekly-safety-report-15-07-2021 (accessed on 29 April 2022).

14. Pepe, S.; Gregory, A.T.; Denniss, A.R. Myocarditis, Pericarditis and Cardiomyopathy After COVID-19 Vaccination. Heart Lung
Circ. 2021, 30, 1425–1429. [CrossRef]

15. Bozkurt, B.; Kamat, I.; Hotez, P.J. Myocarditis With COVID-19 mRNA Vaccines. Circulation 2021, 144, 471–484. [CrossRef]
16. Wan, X.; Huang, H.; Shang, J.; Xie, Z.; Jia, R.; Lu, G.; Chen, C. Willingness and influential factors of parents of 3-6-year-old

children to vaccinate their children with the COVID-19 vaccine in China. Hum. Vaccin Immunother. 2021, 17, 3969–3974. [CrossRef]
17. Musa, S.; Dergaa, I.; Abdulmalik, M.A.; Ammar, A.; Chamari, K.; Saad, H.B. BNT162b2 COVID-19 Vaccine Hesitancy among

Parents of 4023 Young Adolescents (12-15 Years) in Qatar. Vaccines 2021, 9, 981. [CrossRef]

https://www.mdpi.com/article/10.3390/vaccines10081316/s1
https://www.mdpi.com/article/10.3390/vaccines10081316/s1
https://covid19.who.int/
http://doi.org/10.1001/jamanetworkopen.2021.12596
http://www.ncbi.nlm.nih.gov/pubmed/34115127
http://doi.org/10.23736/S2724-5276.20.06140-X
http://www.ncbi.nlm.nih.gov/pubmed/33305919
https://www.aap.org/en/pages/2019-novel-coronavirus-covid-19-infections/children-and-covid-19-state-level-data-report/
https://www.aap.org/en/pages/2019-novel-coronavirus-covid-19-infections/children-and-covid-19-state-level-data-report/
https://www.who.int/
http://labeling.pfizer.com/ShowLabeling.aspx?id=14471&format=pdf&&page=13
http://labeling.pfizer.com/ShowLabeling.aspx?id=14471&format=pdf&&page=13
http://doi.org/10.3390/vaccines10030421
http://www.ncbi.nlm.nih.gov/pubmed/35335053
http://doi.org/10.1016/j.vaccine.2021.05.016
http://doi.org/10.1001/jama.2021.0600
https://covid.cdc.gov/covid-data-tracker/#pediatric-data
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/expect/after.html
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/expect/after.html
https://www.gov.il/en/departments/news/01062021-03
https://www.tga.gov.au/periodic/covid-19-vaccine-weekly-safety-report-15-07-2021
http://doi.org/10.1016/j.hlc.2021.07.011
http://doi.org/10.1161/CIRCULATIONAHA.121.056135
http://doi.org/10.1080/21645515.2021.1955606
http://doi.org/10.3390/vaccines9090981


Vaccines 2022, 10, 1316 7 of 8

18. Moher, D. Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. Ann. Intern. Med. 2009,
151, 264–269. [CrossRef]

19. GAWells. The Newcastle-Ottawa Scale (NOS) for Assessing the Quality of Nonrandomised Studies in Meta-Analyses; Ottawa Hospital
Research Institute (ohri.ca): Ottawa, ON, Canada, 2011.

20. Ilonze, O.J.; Guglin, M.E. Myocarditis following COVID-19 vaccination in adolescents and adults: A cumulative experience of
2021. Heart Fail. Rev. 2022. [CrossRef] [PubMed]

21. Woo, W.; Kim, A.Y.; Yon, D.K.; Lee, S.W.; Hwang, J.; Jacob, L.; Koyanagi, A.; Kim, M.S.; Moon, D.H.; Jung, J.W.; et al. Clinical
characteristics and prognostic factors of myocarditis associated with the mRNA COVID-19 vaccine. J. Med. Virol. 2022, 94,
1566–1580. [CrossRef] [PubMed]

22. Wong, W.H.S.; Leung, D.; Chua, G.T.; Duque, J.S.R.; Peare, S.; So, H.K.; Chan, S.M.; Kwan, M.Y.W.; Ip, P.; Lau, Y.L. Adolescents’
attitudes to the COVID-19 vaccination. Vaccine 2022, 40, 967–969. [CrossRef] [PubMed]

23. Euser, S.; Kroese, F.M.; Derks, M.; de Bruin, M. Understanding COVID-19 vaccination willingness among youth: A survey study
in the Netherlands. Vaccine 2022, 40, 833–836. [CrossRef]

24. Hahn, M.B.; Fried, R.L.; Cochran, P.; Eichelberger, L.P. Evolving perceptions of COVID-19 vaccines among remote Alaskan
communities. Int. J. Circumpolar Health 2022, 81, 2021684. [CrossRef]

25. Nguyen, K.H.; Nguyen, K.; Geddes, M.; Allen, J.D.; Corlin, L. Trends in adolescent COVID-19 vaccination receipt and parental
intent to vaccinate their adolescent children, United States, July to October, 2021. Ann. Med. 2022, 54, 733–742. [CrossRef]

26. Chua, G.T.; Kwan, M.Y.W.; Chui, C.S.L.; Smith, R.D.; Cheung, E.C.; Tian, T.; Leung, M.T.Y.; Tsao, S.S.L.; Kan, E.; Ng, W.K.C.; et al.
Epidemiology of Acute Myocarditis/Pericarditis in Hong Kong Adolescents Following Comirnaty Vaccination. Clin. Infect.
Dis. 2021. [CrossRef]

27. Li, X.; Lai, F.T.T.; Chua, G.T.; Kwan, M.Y.W.; Lau, Y.L.; Ip, P.; Wong, I.C.K. Myocarditis Following COVID-19 BNT162b2 Vaccination
among Adolescents in Hong Kong. JAMA Pediatr. 2022, 176, 612–614. [CrossRef]

28. Lai, F.T.T.; Chua, G.T.; Chan, E.W.W.; Huang, L.; Kwan, M.Y.W.; Ma, T.; Qin, X.; Chui, C.S.L.; Li, X.; Wan, E.Y.F.; et al. Adverse
events of special interest following the use of BNT162b2 in adolescents: A population-based retrospective cohort study. Emerg.
Microbes Infect. 2022, 11, 885–893. [CrossRef] [PubMed]

29. Nygaard, U.; Holm, M.; Bohnstedt, C.; Chai, Q.; Schmidt, L.S.; Hartling, U.B.; Petersen, J.J.H.; Thaarup, J.; Bjerre, J.; Vejlstrup,
N.G.; et al. Population-based Incidence of Myopericarditis after COVID-19 Vaccination in Danish Adolescents. Pediatr. Infect. Dis.
J. 2022, 41, e25–e28. [CrossRef]

30. June Choe, Y.; Yi, S.; Hwang, I.; Kim, J.; Park, Y.J.; Cho, E.; Jo, M.; Lee, H.; Hwa Choi, E. Safety and effectiveness of BNT162b2
mRNA Covid-19 vaccine in adolescents. Vaccine 2022, 40, 691–694. [CrossRef] [PubMed]

31. Mevorach, D.; Anis, E.; Cedar, N.; Hasin, T.; Bromberg, M.; Goldberg, L.; Parnasa, E.; Dichtiar, R.; Hershkovitz, Y.; Ash, N.; et al.
Myocarditis after BNT162b2 Vaccination in Israeli Adolescents. N. Engl. J. Med. 2022, 386, 998–999. [CrossRef] [PubMed]

32. Mevorach, D.; Anis, E.; Cedar, N.; Bromberg, M.; Haas, E.J.; Nadir, E.; Olsha-Castell, S.; Arad, D.; Hasin, T.; Levi, N.; et al.
Myocarditis after BNT162b2 mRNA Vaccine against COVID-19 in Israel. N. Engl. J. Med. 2021, 385, 2140–2149. [CrossRef]
[PubMed]

33. Park, H.; Yun, K.W.; Kim, K.R.; Song, S.H.; Ahn, B.; Kim, D.R.; Kim, G.B.; Huh, J.; Choi, E.H.; Kim, Y.J. Epidemiology and Clinical
Features of Myocarditis/Pericarditis before the Introduction of mRNA COVID-19 Vaccine in Korean Children: A Multicenter
Study. J. Korean Med. Sci. 2021, 36, e232. [CrossRef] [PubMed]

34. Arola, A.; Pikkarainen, E.; Sipila, J.O.; Pykari, J.; Rautava, P.; Kyto, V. Occurrence and Features of Childhood Myocarditis: A
Nationwide Study in Finland. J. Am. Heart Assoc. 2017, 6, e005306. [CrossRef]

35. Truong, D.T.; Dionne, A.; Muniz, J.C.; McHugh, K.E.; Portman, M.A.; Lambert, L.M.; Thacker, D.; Elias, M.D.; Li, J.S.; Toro-Salazar,
O.H.; et al. Clinically Suspected Myocarditis Temporally Related to COVID-19 Vaccination in Adolescents and Young Adults:
Suspected Myocarditis after COVID-19 Vaccination. Circulation 2022, 145, 345–356. [CrossRef]

36. Foltran, D.; Delmas, C.; Flumian, C.; De Paoli, P.; Salvo, F.; Gautier, S.; Drici, M.D.; Karsenty, C.; Montastruc, F. Myocarditis and
pericarditis in adolescents after first and second doses of mRNA COVID-19 vaccines. Eur. Heart J. Qual. Care Clin. Outcomes 2022,
8, 99–103. [CrossRef]

37. Umei, T.C.; Kishino, Y.; Watanabe, K.; Shiraishi, Y.; Inohara, T.; Yuasa, S.; Fukuda, K. Recurrence of Myopericarditis Following
mRNA COVID-19 Vaccination in a Male Adolescent. CJC Open 2022, 4, 350–352. [CrossRef]

38. Mormile, R. Myocarditis and pericarditis following mRNA COVID-19 vaccination in younger patients: Is there a shared thread?
Expert Rev. Cardiovasc. Ther. 2022, 20, 87–90. [CrossRef]

39. Use of mRNA COVID-19 Vaccine after Reports of Myocarditis Among Vaccine Recipients: Update from the Advisory Committee
on Immunization Practices—United States, June 2021. Morb. Mortal. Wkly. Rep. 2021, 70, 977. [CrossRef]

40. Lai, F.T.T.; Li, X.; Peng, K.; Huang, L.; Ip, P.; Tong, X.; Chui, C.S.L.; Wan, E.Y.F.; Wong, C.K.H.; Chan, E.W.Y.; et al. Carditis After
COVID-19 Vaccination with a Messenger RNA Vaccine and an Inactivated Virus Vaccine: A Case-Control Study. Ann. Intern. Med.
2022, 175, 362–370. [CrossRef] [PubMed]

41. Jain, S.S. COVID-19 Vaccination–Associated Myocarditis in Adolescents. Pediatrics 2021, 148, e2021053427. [CrossRef] [PubMed]
42. Calcaterra, G.; Mehta, J.L.; de Gregorio, C.; Butera, G.; Neroni, P.; Fanos, V.; Bassareo, P.P. COVID 19 Vaccine for Adolescents.

Concern about Myocarditis and Pericarditis. Pediatr. Rep. 2021, 13, 530–533. [CrossRef] [PubMed]

http://doi.org/10.7326/0003-4819-151-4-200908180-00135
http://doi.org/10.1007/s10741-022-10243-9
http://www.ncbi.nlm.nih.gov/pubmed/35449353
http://doi.org/10.1002/jmv.27501
http://www.ncbi.nlm.nih.gov/pubmed/34862617
http://doi.org/10.1016/j.vaccine.2022.01.010
http://www.ncbi.nlm.nih.gov/pubmed/35063284
http://doi.org/10.1016/j.vaccine.2021.12.062
http://doi.org/10.1080/22423982.2021.2021684
http://doi.org/10.1080/07853890.2022.2045034
http://doi.org/10.1093/cid/ciab989
http://doi.org/10.1001/jamapediatrics.2022.0101
http://doi.org/10.1080/22221751.2022.2050952
http://www.ncbi.nlm.nih.gov/pubmed/35254219
http://doi.org/10.1097/INF.0000000000003389
http://doi.org/10.1016/j.vaccine.2021.12.044
http://www.ncbi.nlm.nih.gov/pubmed/35012777
http://doi.org/10.1056/NEJMc2116999
http://www.ncbi.nlm.nih.gov/pubmed/35081295
http://doi.org/10.1056/NEJMoa2109730
http://www.ncbi.nlm.nih.gov/pubmed/34614328
http://doi.org/10.3346/jkms.2021.36.e232
http://www.ncbi.nlm.nih.gov/pubmed/34402230
http://doi.org/10.1161/JAHA.116.005306
http://doi.org/10.1161/CIRCULATIONAHA.121.056583
http://doi.org/10.1093/ehjqcco/qcab090
http://doi.org/10.1016/j.cjco.2021.12.002
http://doi.org/10.1080/14779072.2022.2044305
http://doi.org/10.15585/mmwr.mm7027e2
http://doi.org/10.7326/M21-3700
http://www.ncbi.nlm.nih.gov/pubmed/35073155
http://doi.org/10.1542/peds.2021-053427
http://www.ncbi.nlm.nih.gov/pubmed/34389692
http://doi.org/10.3390/pediatric13030061
http://www.ncbi.nlm.nih.gov/pubmed/34564344


Vaccines 2022, 10, 1316 8 of 8

43. Yap, J.; Tham, M.Y.; Poh, J.; Toh, D.; Chan, C.L.; Lim, T.W.; Lim, S.L.; Chia, Y.W.; Lim, Y.T.; Choo, J.; et al. Pericarditis and
myocarditis after COVID-19 mRNA vaccination in a nationwide setting. Ann. Acad. Med. Singap. 2022, 51, 96–100. [CrossRef]
[PubMed]

44. Heymans, S.; Cooper, L.T. Myocarditis after COVID-19 mRNA vaccination: Clinical observations and potential mechanisms. Nat.
Rev. Cardiol. 2022, 19, 75–77. [CrossRef] [PubMed]

http://doi.org/10.47102/annals-acadmedsg.2021425
http://www.ncbi.nlm.nih.gov/pubmed/35224605
http://doi.org/10.1038/s41569-021-00662-w
http://www.ncbi.nlm.nih.gov/pubmed/34887571

	Introduction 
	Materials and Methods 
	Search Strategy 
	Inclusion and Exclusion Criteria 
	Data Extraction 
	Risk of Bias Assessment 
	Data Synthesis and Analysis 

	Results 
	Characteristics of Included Studies 
	Incidence of Myocarditis or Pericarditis after the First/Second Dose of the Vaccine 
	Incidence Risk Relative to the Second and First Doses 
	Male and Female Relative Risk Incidence of Myocarditis or Pericarditis 

	Discussion 
	Conclusions 
	References

