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1   |   INTRODUCTION

The Pfizer-BioNTech BNT162b2  mRNA vaccine has 
demonstrated safety and real-world effectiveness in 

preventing severe disease and death from COVID-19, in-
cluding among adolescents. Concerns about vaccination-
related myo/pericarditis in young men were initially 
raised in Israel, with rates between 1/3000 and 1/6000.1 
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Abstract
Background: Male patients ages 12–17  years have an elevated risk of mRNA 
vaccination-associated myo/pericarditis. A risk-benefit analysis of first and sec-
ond doses of mRNA vaccination in adolescent boys by health status and history 
of SARS-CoV-2 infection has not been performed.
Methods: Using the Vaccine Adverse Event Reporting System (VAERS), we 
identified BNT162b2 [Pfizer-BioNTech] myo/pericarditis occurrence according 
to CDC criteria. Main outcomes were as follows: 1) post-vaccination myo/pericar-
ditis crude incidence in adolescents aged 12–15 and 16–17; and 2) two risk-benefit 
analyses by age, sex, comorbidity, variant and history of infection.
Results: Cases of myo/pericarditis (n = 253) included 129 after dose 1 and 124 
after dose 2; 86.9% were hospitalized. Incidence per million after dose two in male 
patients aged 12–15 and 16–17 was 162.2 and 93.0, respectively. Weighing post-
vaccination myo/pericarditis against COVID-19 hospitalization during delta, our 
risk-benefit analysis suggests that among 12–17-year-olds, two-dose vaccination 
was uniformly favourable only in nonimmune girls with a comorbidity. In boys 
with prior infection and no comorbidities, even one dose carried more risk than 
benefit according to international estimates. In the setting of omicron, one dose 
may be protective in nonimmune children, but dose two does not appear to con-
fer additional benefit at a population level.
Conclusions: Our findings strongly support individualized paediatric COVID-19 
vaccination strategies which weigh protection against severe disease vs. risks of 
vaccine-associated myo/pericarditis. Research is needed into the nature and im-
plications of this adverse effect as well as immunization strategies which reduce 
harms in this overall low-risk cohort.
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In the United States, the first Centers for Disease Control 
and Prevention (CDC) report2 identified a rate of 1/44,640 
for ages 12–15 and 1/29,400 for ages 16–17.2 Recent in-
ternational data3-5 in adolescent male patients after vac-
cine dose two have found myopericarditis rates of 1/6600 
(ages 16–19) in Israel,3 1/7400 (ages 12–17) in Ontario4 
and 1/2700 (ages 12–17) in Hong Kong.5 In the US, recent 
estimates for dose two incidence among young male pa-
tients have been reported by Kaiser Permanente (1/2650),6 
the FDA (1/5600 to 1/5000)7,8 and the CDC (1/22,000 to 
1/14,200).9

To our knowledge, a comprehensive risk-benefit anal-
ysis which considers a child's risk of COVID-19 hospital-
ization in the setting of underlying medical conditions and 
history of SARS-CoV-2 infection has not been undertaken. 
Our study has two aims: (1) stratify post-mRNA vaccina-
tion myo/pericarditis occurrence by age and vaccination 
dose within the US 12–17-year-old population to comple-
ment the CDC’s2,9,10 and FDA’s7,8 rates; and (2) perform 
a two-part risk-benefit analysis weighing the benefits of 
one and two doses of vaccination in adolescents to prevent 
COVID-19 hospitalization against the risks of vaccination-
associated myo/pericarditis stratified by age, sex, prior in-
fection history, variant and medical comorbidity status. 
We report our findings in the context of international rates 
of post-BNT162b2 vaccination myo/pericarditis in this age 
group.

2   |   METHODS

2.1  |  Aim 1: Stratify post-mRNA 
vaccination myo/pericarditis occurrence 
by sex, age and vaccination dose

2.1.1  |  Search methodology

We searched the Vaccine Adverse Event Reporting 
System (VAERS) system,11 an open access passive report-
ing system in the United States, for reports processed from 
1 January 2021 to 18 June 2021 with symptom codes for 
‘myocarditis’, ‘pericarditis’, ‘myopericarditis’ or ‘chest 
pain’ for children aged 12–17 years. Reports were required 
to meet the CDC working definition for probable acute 
myocarditis2 as defined in Appendix S1: new or worsen-
ing symptoms plus at least one abnormal laboratory or 
clinical finding (e.g. elevated troponin; electrocardiogram 
(EKG), echocardiogram (ECHO), or cardiac MRI (cMRI)) 
consistent with myo/pericarditis. Exclusions were made 
for lack of objective laboratory findings or suspected viral 
myo/pericarditis. VAERS entries included product name 
and vaccination dose number. Cases and hospitalizations 
with an unknown dose number were assigned to dose one 

or dose two in the same proportions as the known doses 
(15% and 85%, respectively).

2.1.2  |  Crude reporting rates

To estimate a rate per million for doses one and two, our 
denominators included all children with at least one dose 
of BNT162b2 vaccination and children with two doses of 
BNT162b2, respectively, as of 11  June 202112 to accom-
modate reporting lag and a pre-defined minimum 7-day 
risk window; we divided total persons in each vaccinated 
group by two to create sex-specific denominators for our 
rates. Confidence intervals were constructed for these 
rates using the Poisson distribution.

2.2  |  Aim 2: Risk-benefit analysis of 
one versus two doses of mRNA COVID-19 
vaccination

2.2.1  |  Relative risk of hospitalization in the 
presence of comorbidities

To estimate hospitalization risk, we constructed risk ra-
tios for children with and without comorbidities among 
those hospitalized, and in the general population. 
(Appendix S4) Approximately, 70% of children hospital-
ized for COVID-19  have one or more medical comor-
bidities, a ratio of 2.33:1.13-15 A literature review for the 
prevalence of chronic conditions in the population found 
that approximately 33% of children in this age group have 
one or more comorbidities, a ratio of 1:2.16-18 Using these 
estimates of comorbidity prevalence among children ad-
mitted for COVID-19 and in the population, our analysis 
considers that children with at least one medical comor-
bidity have 4.8 times the likelihood of COVID-19 hospi-
talization as those without comorbidities.

2.2.2  |  Infection hospitalization rate

The overall infection hospitalization rate (IHR) for chil-
dren was estimated using an age-specific international se-
rological study which reported the IHR for children aged 
10–19 years to be 0.22%.19 Given the relative risks above, 
we computed the IHR for children with (y) and without 
(x) comorbidities as follows:

2.33*(0.22%)  =  0.513%  =  y, hospitalization rate with 
comorbidities.

0.49*(0.22%) = 0.108% = x, hospitalization rate with no 
comorbidities.

y = 0.513% x = 0.108%
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We also used a second set of IHR estimates from 
Germany among children ages 12–17 with and without 
comorbidities20: hospitalizations requiring therapeutic 
intervention for COVID-19 (which eliminates incidental 
hospitalizations) were 0.147% and 0.042% of infections, 
respectively.

The estimated reduction in severity (IHR) for omicron 
relative to delta is 66%.21

2.2.3  |  Background myo/pericarditis

The expected background myo/pericarditis rate22 was 
calculated for boys and girls separately over the course 
of 7 days, consistent with the CDC window.2,9,10 The ex-
pected rate of background myo/pericarditis was thus 2.1/
million cases per week in boys and 1.4/million in girls.

2.3  |  Risk-benefit analyses

Our risk-benefit analysis for children age 12–17 was con-
ducted using two methods: 1) estimate hospitalizations 
prevented with dose one and dose two during the delta 
and omicron waves, in the setting of previous infection 
and stratified by comorbidity; and 2) 120-day cumulative 
COVID-19 hospitalizations per 100,000 population.

To compute the estimated COVID-19 hospitalizations 
prevented by doses one and two, we referenced publi-
cations which met the following criteria: 1) BNT162b2-
specific vaccine effectiveness against hospitalization 
(VEH) estimates; 2) stratified by partial and full vacci-
nation; 3) with strata-specific rates for children or young 
adults; and 4) during a time of delta and omicron variant 
predominance. The delta VEH ranges used in our analysis 
were 84.523 to 91.1%24 for dose one and 81.025 to 93.0%15 
for dose two. Finnish data suggest equivalent VEH rates 
for dose one (89.8%) and dose two (90.2%) in this age 
group.26 The UK and US VEH estimates during omicron 
were 58%27 to 73%28 for dose 1 and 44%27 to 64%28 for dose 
2, respectively. The estimated range of protection against 
hospitalizations conferred by a history of infection is 
87.8%29 during omicron to 97.2%30 during delta.

In the first IHR analysis, relative risks (RRs) are strati-
fied by sex, age, comorbidity, prior infection history, vari-
ant and vaccination dose number comparing the risk of 
vaccine-associated myo/pericarditis with the benefit of 
hospitalizations prevented after partial and full vaccina-
tion and in the context of international myo/pericarditis 
estimates. In the second 120-day analysis, the cumulative 
hospitalization rates are presented at low, moderate and 
high incidence, such as during the delta and omicron 
waves. We also present hospitalization rates adjusted for 

the estimated 40% of hospitalizations with COVID-19 as 
an incidental finding.31-34

Methods for both approaches are further described in 
Appendix S5.

Data were analyzed using Microsoft PowerBI, StataIC 
and Microsoft Excel.

3   |   RESULTS

A total of 276 reports met our initial search criteria; of 
these, 22 cases were excluded. (Appendix  S2) Of the 
253 myo/pericarditis cases included, 23 were female pa-
tient and 230 were male patient. Interactive data visuali-
zations and full VAERS case notes for all included and 
excluded cases are available at this link: https://bit.ly/
Krug-MyoPe​rdica​rditis.

Peak troponin values were recorded in 208 reports; me-
dian troponin values for boys ages 12–15 and 16–17 were 
4.5 ng/mL and 9.9 ng/mL, respectively. For girls, median 
troponins were 0.8 ng/mL and 7.0 ng/mL. Of the 253 in-
cluded cases, 252 recorded receiving BNT162b2 (although 
mRNA-1273 is not approved for <18 years) and in 37, the 
dose number was unknown.

Figure  1A and Table  1 report the myo/pericarditis 
cases by age, sex and dose number. For boys aged 12–15, 
the rate per million after dose two was 162.2/million or 
1/6200. Among boys aged 16–17, our estimate was 93.0/
million or 1/10,800. For girls 12–15 and 16–17 years old, 
our rates following dose two were 13.0/million and 12.5/
million, respectively. Our identified post-vaccination 
myo/pericarditis rates are compared with international 
estimates in Figure 2.

The myo/pericarditis cases in our investigation oc-
curred a median of 2.0  days following vaccination 
(Figure 1B), and 91.9% occurred within 5 days. The hos-
pitalization rate in our reports was 220/253 (86.9%) over-
all, with 111/129 (86.0%) in the 12–15-year-old cohort and 
109/124 (87.9%) in the 16–17-year-old cohort.

3.1  |  Risk-benefit analyses

3.1.1  |  Method 1

The relative risks (RR) of one dose of BNT162b2 vaccina-
tion compared to COVID-19  hospitalizations prevented 
are presented in Table  2 and Figure  3A by sex, comor-
bidity, prior infection, variant and reported international 
vaccine-associated myo/pericarditis rates following dose 
one. Using the two IHR19,20 and omicron and delta VEH 
estimates 23−31, the benefit of one vaccination dose appears 
to outweigh the risk of myo/pericarditis in nonimmune 

https://bit.ly/Krug-MyoPerdicarditis
https://bit.ly/Krug-MyoPerdicarditis
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boys and girls even during omicron and at the highest es-
timated myo/pericarditis rates (RRs 0.82 and 0.41 for boys 
and girls without comorbidities, respectively, Table  2). 
The benefits of one dose to prevent omicron and delta hos-
pitalizations in boys with and without comorbidities are 
displayed in Figure 3A.

The RR of a second dose of BNT162b2 vaccination 
compared to additional COVID-19  hospitalizations pre-
vented are displayed in Table 3 and Figure 3B. For girls, 
the benefits of a second dose appear to outweigh the risks 
of myo/pericarditis during delta, but the protective effect 
of a second dose for any child during omicron is uncer-
tain given the lower VEH with dose two compared to dose 
one (VEH 44%27 vs 58%27). For boys with a medical comor-
bidity, our analysis suggests that the benefits of a second 

dose may outweigh the risks depending on the VEH of 
the first and second doses and the severity of the variant. 
With a higher first dose VEH (91.1%24) in the setting of 
delta variant, the RR of myo/pericarditis outweighed the 
marginal benefit of a second dose by up to 5.81 and 3.33 
times for 12–15- and 16–17-year-old boys, respectively, ac-
cording to our estimates. (Appendix  S5, Tables  S2A and 
S2B) When compared to higher FDA7,8 and international 
estimates3-10,36,37 of myo/pericarditis, the risks clearly 
outweighed the incremental benefits during delta. In the 
setting of omicron, there is currently no evidence of addi-
tional benefit of a second dose for any child.

For boys without a medical comorbidity, our analysis 
suggests that the risks of a second dose exceed the benefits 
of additional hospitalizations prevented during both delta 
and omicron. For example, the RR of a second dose during 
delta may have been up to 2.61–4.54 times greater than the 
hospitalizations prevented using our estimates, and 1.98–
2.97 times greater using the most recent myo/pericarditis 
estimate10 from the CDC VAERS analysis. (Table 3) The 
RRs for these boys may be up to 10.5 times greater when 
compared to the highest US and international estimates.5,6 
(Table 3) For girls without a comorbidity, the RR may have 
been as low as 0.18 according to the CDC’s10 most recent 
VAERS rate but up to 6 times greater according to the 
highest US and international estimates and a high first 
dose VEH (Appendix S5 Table S2B).5,6

Among boys with a history of prior infection and no 
comorbidities, the risks of myo/pericarditis after even 
dose one appear to outweigh the benefits in both delta 
and omicron. (Table 2 and Figure 4) Taking into account 
rates reported by the FDA,7,8 Israel,1,3,36 Ontario,4,37 Hong 
Kong5 and Kaiser Permanente,6 the RR of the first dose 
may be more than 6 times the risk of COVID-19 hospital-
ization. Furthermore, if considering approximately 40% of 
paediatric hospital admissions for COVID may be inciden-
tal positives,31-34 the risk-benefit analysis would be even 
less in favour of a first dose in boys with no underlying 
medical conditions.

3.1.2  |  Method 2

Figure 5 presents the cumulative risks of COVID-19 hos-
pitalization during a 120-day window for boys with and 
without a medical comorbidity. Even at times of high hos-
pitalization rates, such as during delta and omicron, the 
myo/pericarditis hospitalization rate after the second vac-
cination dose for boys 12–15 is 2.8 times higher than their 
120-day COVID-19 hospitalization risk. In 16–17-year-old 
boys without comorbidities, the risk of Covid-19 hospitali-
zation is 1.6 times higher than their post-dose two vaccina-
tion myo/pericarditis risk according to our estimates and 

F I G U R E  1   (A) Myo/pericarditis rates per million adolescents 
following Pfizer-BioNTech [BNT162b2] mRNA vaccination doses 
1 and 2, by age and sex. (B) Myo/pericarditis cases by days after 
BNT162b2 vaccination and by age

(A)

(B)
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international estimates of myo/pericarditis risk exceed 
even the highest hospitalization risk by 6.5 times.5,6 Boys 
with at least one comorbidity and all girls appear to have a 
favorable benefit-risk ratio from vaccination during times 
of moderate to very high disease prevalence according to 
our estimates, but with this method we do not stratify for 
history of infection or consider the benefits of one dose 
alone. To be conservative, our estimate does not take into 
account the fact that the incidental hospitalization rate 
may have risen with the omicron variant.

4   |   DISCUSSION

The main finding of this study was a total of 253 cases of 
myo/pericarditis identified over the study period giving 
estimated rates of 162.2/million and 93.0/million post-
Pfizer-BioNTech BNT162b2 vaccination dose two for the 
12–15-  and 16–17-year-old boys, respectively. Although 
these estimates are higher than the CDC’s2,9,10 they are 
lower than the FDA’s7,8 and numerous international 
estimates.1,3-6,36,37 (Figure 2).

We used a case-finding method in VAERS which in-
cluded the symptom ‘chest pain’ to identify adolescents 
for review of troponins, EKG/ECG and ECHO findings. 
We maintained the specificity of our analysis by requir-
ing the same objective findings of cardiac injury used by 
the CDC to identify probable cases (Appendix S1) of myo/
pericarditis and excluded cases without sufficient objec-
tive evidence or where other aetiology of the myo/pericar-
ditis could not be excluded.

Our results are consistent with other studies1,3-6,9,10,36,37 
finding the risk of myo/pericarditis depends heavily on sex 
and age. In our analysis, boys 12–17 had a post-vaccination 
myo/pericarditis risk tenfold higher than girls.

Our identified cases of myo/pericarditis had a hospital-
ization rate of 87%. The highest troponin elevations were 
seen in the 16–17-year-olds, both boys and girls. In the set-
ting of cardiac symptoms, children with elevated troponin 
levels have a high likelihood of cardiac disease.39 Of note, 
the threshold for normal levels in children may be even 
lower than the 0.1 ng/mL used in adults.39

4.1  |  Risk-benefit analyses

Our first risk-benefit analysis considered the sex of the 
child as well as multiple scenarios including the set-
ting of previous infection, with and without medical 
comorbidities, delta and omicron variants, and just 
one instead of two doses of vaccination. For adolescent 
boys without medical comorbidities, their risk of post-
vaccination dose two myo/pericarditis exceeded their T
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risk of COVID-19 hospitalization during delta after one 
dose of vaccination. During omicron, the additional ben-
efit of the second dose cannot be estimated due to the 
reduced VEH with dose two compared to dose one. Our 
risk-benefit analysis also does not favour the second 
dose, or even one dose, in all boys 12–17 with a history 
of infection. However, clinicians are cautioned to con-
sider the specific risks associated with the child's health 
circumstances in their guidance. In girls with or without 
medical comorbidities, our risk-benefit analysis does not 
favour two doses if they have a history of SARS-CoV-2 
infection. By some estimates, even a first dose after pre-
vious infection is not favourable for girls 12–17 without 
comorbidities.

The protective effects of previous infection in chil-
dren against hospitalization are not fully elucidated, 
but data from Qatar,29 Israel,30 the United Kingdom35 
and the US38  suggest previous infection provides at 
least equivalent protection against hospitalization, al-
though durability and duration of these are unclear. 
Seroprevalence in some regions of the United States ex-
ceeded 80%,40 and the CDC has estimated at least 40% 
among children ages 12–1741 prior to the omicron wave 
and this is expected to have risen dramatically over the 
winter of 2021–2022.

In our second risk-benefit analysis we, like the CDC, 
used a 120-day COVID-19 hospitalization rate as a mean-
ingful comparator to vaccination-related risks. According 
to our VAERS estimates, the myo/pericarditis risk for a 
12–15-year-old boy without a comorbidity receiving his 
second dose of the vaccine is 2.8x higher than his 120-
day risk of hospitalization even without adjusting for 
40%31-34 incidental hospitalizations. For older boys, the 
risk of myo/pericarditis is 1.6x their cumulative 120-day 
hospitalizations. For those with medical comorbidities, 
the 120-day COVID hospitalization rates are higher than 
their rates of myo/pericarditis during times of moderate to 
high incidence if not adjusting for a possible 40% overesti-
mate of hospitalization rates.31-34 (Figure 5) During times 
of very high incidence, such as the omicron wave, the 
120-day risk of COVID-19 hospitalization for boys with a 
medical comorbidity is 1.7x-3x higher than their risk of 
vaccine-associated myo/pericarditis and is approximately 
equivalent to their post-vaccination myo/pericarditis risk 
after adjustment for incidental admissions. It is important 
to note that incidental hospitalization rates are expected to 
have risen even in unvaccinated adolescents during omi-
cron because of decreased intrinsic virulence. Figure  5 
displays how a surge in disease incidence can drive hospi-
talizations up even if the severity of disease is lower.

F I G U R E  2   Comparison of VAERS-derived estimates of myo/pericarditis occurrence to international rates of BNT162b2 vaccine-
associated myo/pericarditis
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4.2  |  Severity of vaccination-associated 
myo/pericarditis

Beyond a hospitalization rate of 87%, we are not able to 
provide follow-up data on the severity of included myo/
pericarditis cases. One report42 of 15 adolescents hospital-
ized with post-vaccination myo/pericarditis indicated one 
had an abnormal echocardiogram on follow-up and four 
had ongoing symptoms post-discharge. Another study43 
found 16/23 (70%) of male patients with vaccination-
associated myo/pericarditis had resolution of symptoms 
within a week. Three additional case series45-47 reported 
14/18 cases (79%) had late gadolinium enhancement 
(LGE), which signifies myocardial fibrosis and is associ-
ated with ventricular arrhythmias and adverse cardiac 
outcomes.48 Mevorach, et al.3 described four patients with 
severely reduced left ventricular ejection fraction and one 
death attributed to vaccine-related myocarditis. Witberg, 
et al.36 deemed 76% of myocarditis cases to be ‘mild’, 22% 
as ‘intermediate’ and one patient suffered cardiogenic 
shock. Finally, the CDC recently reported10 that 96% 
of the 813 cases of myocarditis cases reviewed through 
August 2021 were hospitalized; of these, 87% had reso-
lution of symptoms upon discharge. An update on cases 
through 6 October 2021 by the CDC provided 3-month fol-
low-up data on adolescents 12–17 with vaccine-associated 
myo/pericarditis: 50% had new or worsening symptoms, 
40% were still symptomatic and 50% were on activity re-
strictions.44  The implications of myo/pericarditis may 
be greater in athletic boys who would be restricted from 
sports for 3–6 months following a diagnosis. Some have 
argued that vaccination of children without comorbidities 
is not ethical until more is learned about the frequency 
and severity of side effects.49

COVID-19  has been found to result in symptomatic 
myo/pericarditis in 0.3% of collegiate athletes,50,51 but its 
rate in children post-COVID-19 infection has not been 
well described. Two studies52,53 have relied on small de-
nominators to estimate COVID-19-associated myo/peri-
carditis. A recent Oxford study54 found an increased risk 
of myo/pericarditis among male patients <40  years in 
the 1–28  days after each dose of BNT162b2. The risk of 
vaccine-associated myo/pericarditis after the first dose of 
BNT162b2 in this age group was comparable to post-SARS-
CoV-2 diagnosis, but the second and third vaccine doses 
were associated with higher rates of myo/pericarditis in 

this demographic than following COVID-19. The specific 
rate of post-COVID-19 myo/pericarditis in 12–17-year-olds 
has still not been adequately estimated.

COVID-19 has adverse effects in children beyond hos-
pitalization and myo/pericarditis. In the United States, 
there have been nearly 1000 paediatric deaths55 and ap-
proximately 6,90056 MIS-C cases. Although the incidence 
of MIS-C declined in the delta wave,55 it is uncertain 
whether this trend will continue with new variants. Our 
analysis compares two rare adverse outcomes: hospital-
ization due to COVID-19 and myo/pericarditis following 
vaccination. Both conditions require further research to 
describe the long-term prognosis given that only half of 
the myo/pericarditis cases reviewed by the CDC had recov-
ered by 90 days44 and, similarly, a recent systematic review 
and meta-analysis found that most prolonged symptoms 
after SARS-CoV-2 infection occur with similar frequency 
among children who have had COVID-19 compared with 
controls.57  When looking specifically at COVID-19 in 
children without medical comorbidities, Germany has re-
ported an infection-fatality rate of 0/3.2 million,20 which 
should also be used to help inform vaccination policy 
when considering the myo/pericarditis described in this 
article. Furthermore, the vaccination's benefits in trans-
mission prevention may be quite limited as no difference 
in household transmission from vaccinated vs. unvacci-
nated was detected for the delta variant.58

4.3  |  Limitations

A concern about a passive reporting system such as 
VAERS is the risk of over-ascertainment.59,60 To address 
this concern, we aligned our inclusion criteria with the 
CDC’s case definition and excluded cases with other 
possible myo/pericarditis aetiologies and have publicly 
shared our included and excluded cases (https://bit.ly/
Krug-MyoPe​rdica​rditis). We chose not to subtract the 
close-to-negligible background myo/pericarditis rate22 as 
we excluded cases of myo/pericarditis with another pos-
sible aetiology but have provided the expected rates for 
comparison.

Our group's VAERS-based rates may have exceeded 
those reported by the CDC and approached those of in-
ternational estimates due to our expanded symptom 
search criteria (though we required objective evidence 

F I G U R E  3   (A,B) COVID-19 hospitalizations per million infections compared with myo/pericarditis rates per million BNT162b2 
vaccine doses* in boys 12–17, stratified by vaccination dose, estimated infection hospitalization risk (IHR), comorbidity status and variant. 
*Hospitalizations prevented with dose two are based on IHR estimates by Herrera, et al.19 and Sorg, et al.20 and two range of vaccine 
effectiveness against hospitalization (VEH) estimates:1) minimum benefit conferred by increasing protection 1.9% from 91.1%24 (upper end 
of dose 1 VEH range) to 93.0%26 (upper end of dose 2 VEH range); and2) maximum benefit conferred by increasing protection 8.5% from 
84.5%23 (lower end of dose 1 VEH range) to 93.0%26 (upper end of dose 2 VEH range)

https://bit.ly/Krug-MyoPerdicarditis
https://bit.ly/Krug-MyoPerdicarditis
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of cardiac damage consistent with myo/pericarditis and 
verified by a cardiologist, JM in the acknowledgements, 
Appendix S2B) and our inclusion of cases with unknown 
vaccination dose number. In our sample, approximately 
15% of cases had an unknown dose number, similar to the 
CDC’s reports.2,9,10,44  We allocated these cases using the 
proportion of reports with known dose number.

Our analysis only describes rates associated with 
the Pfizer-BioNTech vaccine. Recent reports from the 
CDC,2,9,10,44 Canada,4,37 and Nordic61-63 countries suggest 
a two- to fivefold higher rate of post-vaccination myo/peri-
carditis for Moderna compared to Pfizer-BioNTech. In sev-
eral European countries, Moderna use among young male 
patients has been paused.61-63 Our sample only includes 23 
cases in girls, which is a limitation of this data set, but still, 
taken in the context of other international estimates and 
expected background rates, suggests a real but smaller-in- 
magnitude safety signal in them. Given low numbers in 

other existing databases, international collaboration on 
presentation and prognosis among girls would be a useful 
contribution to this research.

Multiple arguments indicate our rates are not an over-
estimate. Firstly, we report rates lower than those reported 
by the FDA7,8 and other U.S. and international esti-
mates1,3-6,36,37 as shown in Figures 2 and 4. Furthermore, 
the reports reviewed for this study were of children with 
myo/pericarditis presenting with cardiac symptoms, most 
of whom were admitted to the hospital. The authors of the 
large Israeli study3 which found a rate higher than ours 
similarly suspected their study provided an underestimate 
of the true incidence. VAERS has also historically pro-
vided an underestimate of vaccine safety signals, detecting 
up to 76% of post-vaccination anaphylaxis cases.59,60

Another potential concern is the lack of confirmation 
with the reporting clinician. While we recognize this as 
a limitation, we also point to the fact that in multiple 

F I G U R E  4   Risk-benefit analysis comparing additional hospitalizations prevented by dose one and dose two vaccination among children 
with a history of prior infection vs. vaccine-associated myo/pericarditis following BNT162b2 in boys 12–17, stratified by vaccination dose, 
comorbidity status and variant
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CDC analyses, approximately 90% of the myo/pericardi-
tis reports in VAERS were confirmed.2,9,10,44 These data, 
combined with the clinical notes in VAERS (symptoms 
plus ECG, ECHO and troponin abnormalities), suggest 
that myo/pericarditis is an adverse event amenable to 
rapid administrative review in VAERS and would likely 
approach a minimum rate of vaccine-associated myo/
pericarditis.

The reduced virulence of the omicron variant21,27,28,64 
for children (66% reduction in hospitalization risk com-
pared to delta21) combined with a degradation in VEH due 
to immune evasion (58%27 dose 1 vs 84.5%23–91.1%24) ap-
pear to diminish the vaccination benefits described in this 
report. Omicron-wave relative risks (Table 2) favour one 
dose of vaccination according to most estimates except for 
children with a history of prior infection. No additional 
benefit for the second dose (Table  3) is apparent at this 
time (VEH 44%27 vs 81.0%25–93%15), but as paediatric hos-
pitalization rates are published, this assessment must be 

re-evaluated according to vaccination status and history 
of prior infection.

This analysis also has multiple uncertainties. First, 
the efficacy of one vs. two doses of vaccination in chil-
dren is extrapolated from sparse data on children and 
young adults. The duration of protection against hos-
pitalization conferred by each dose is not known for 
children, thus it is possible that a one-shot strategy to 
minimize harms for adolescent boys without comorbid-
ities and without a history of immunity from infection 
might need to consider a booster based on changing 
individual health considerations and future variants. 
Second, VEH likely varies based on comorbidity sta-
tus, which was not taken into account in our analysis. 
Third, the estimated IHR has implicit uncertainties due 
to unknown false-negative and -positive rates. Fourth, 
we restricted our risk comparisons to hospitalizations; 
the analysis did not account for other benefits of vac-
cination, such as the transient prevention of infection, 

F I G U R E  5   Risk-benefit analysis for second dose of BNT162b2 vaccine-associated myo/pericarditis vs. 120-day 
COVID-19 hospitalization risk for boys ages 12–17, without and with adjustment for 40% of pediatric hospitalizations having an incidental 
COVID-19+ positive test,31-34 in the setting of disease incidence, comorbidity and variant.
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nor does it include other vaccine-associated adverse 
events. Fifth, we acknowledge that we cannot be 100% 
certain that all myo/pericarditis cases were contained in 
our vaccinated denominators. Sixth, our estimate of ad-
ditional hospitalizations prevented by one or two doses 
of vaccination in the setting of previous infection was 
only theoretical; there is currently no evidence of addi-
tional protection of vaccination against hospitalization 
among children who have already been infected. Finally, 
the estimated risk differential between children with 
and without comorbidities may lead to either under- or 
overestimates; indeed, children with certain comorbid-
ities may be at much higher risk than the average risk 
for a child with a comorbidity. Even the hospitalization 
rates from Germany20 for children with comorbidities 
will provide an under- or overestimate of risk depending 
on the child's particular health condition/s. This high-
lights the appropriateness of individualized vaccination 
approaches for children against SARS-CoV-2. This is es-
pecially true for children with a history of SARS-CoV-2 
infection, which appears to provide equivalent and, by 
most estimates, superior immunity to full vaccination 
against hospitalization according to data from Qatar,29 
Israel,30 the United Kingdom35,65 and the United States.38

Little is known about risk factors for developing post-
vaccine myo/pericarditis beyond sex, age and dose num-
ber. However, those with a history of infection have been 
found to be at around a fourfold increased risk of post-
vaccination myo/pericarditis.66

Given the vaccination-related harms outlined in this 
article, the options of one dose, a lower dose,67-71 increased 
interval between doses70,71 or no vaccination in the setting 
of previous infection should be studied and considered in 
the context of individual health risks. Additional research 
is urgently needed: 1) to further elucidate the aetiology, 
long-term sequelae and rates of this post-vaccination 
cardiac condition; and 2) to determine the optimal vac-
cination strategy for children based on history of prior 
infection, severity of the predominant variant and indi-
vidual health status to minimize overall harm.
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