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Booster dose of COVID-19
mRNA vaccine does not
increase risks of myocarditis
and pericarditis compared
with primary vaccination:
New insights from the vaccine
adverse event reporting system

Congqin Chen1†, Fang Fu1†, Lingqing Ding1†, Jie Fang2*

and Jie Xiao1*

1Department of Pharmacy, Xiamen Cardiovascular Hospital of Xiamen University, School of
Medicine, Xiamen University, Xiamen, China, 2Department of Pharmacy, Ruijin Hospital, School of
Medicine, Shanghai Jiaotong University, Shanghai, China
Background:Despite the likely association between coronavirus 2019 (COVID-

19) mRNA vaccines and cases of myocarditis/pericarditis, the benefit–risk

assessment by the Centers for Disease Control (CDC) still showed a

favorable balance for the primary series of COVID-19 mRNA vaccinations.

Since August 2021, a full-scale booster vaccination in certain recipients has

been recommended. Great concerns about whether the COVID-19 mRNA

booster vaccination could increase the risks of myocarditis/pericarditis have

been raised since then. The present study aimed to compare the incidence

rates and risks of myocarditis/pericarditis between booster and primary

vaccination programs.

Methods: The CDC COVID Data Tracker and the Vaccines Adverse Event

Reporting System (VAERS) were queried between December 11, 2020 and

March 15, 2022. Incidence rates were calculated by cases of myocarditis/

pericarditis divided by the number of vaccinated people or the total doses of

COVID-19 mRNA vaccines. Disproportionality patterns for myocarditis/

pericarditis of different COVID-19 mRNA vaccinations were accessed based

on the reporting odds and proportional reporting ratios (ROR and PRR,

respectively).

Results: A total of 2,588 reports of myocarditis/pericarditis were identified after

administration of primary-series COVID-19 mRNA vaccination and 269 after

the booster dose program during the study period. The incidence of

myocarditis/pericarditis following booster COVID-19 mRNA vaccination was

lower than that of primary series. The results showed significantly high

reporting of myocarditis/pericarditis following the administration of primary
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COVID-19 mRNA vaccination, whereas the disproportional level was lower in

the booster-dose vaccination.

Conclusion: This study found that the booster dose of COVID-19 mRNA

vaccination when compared with primary series course did not lead to an

increase in the risks of myocarditis/pericarditis.
KEYWORDS

myocarditis, pericarditis, COVID-19 mRNA vaccination, booster dose, primary series
Introduction

In the United States (US), two messenger RNA (mRNA)

coronavirus disease 2019 (COVID-19) vaccines, BNT162b2

mRNA (Pfizer-BioNTech) and mRNA-1273 (Moderna) were

granted emergency use authorization (EUA) by the US Food and

Drug Administration (FDA) in December 2020 (1, 2). With the

increasing number of administered COVID-19 mRNA vaccines,

growing evidence for myocarditis and pericarditis as rare

complications after COVID-19 mRNA vaccination has been

reported, especially in young adult and adolescent males (3–

10). Recently, the Advisory Committee on Immunization

Practices (ACIP) of Centers for Disease Control (CDC)

identified a likely association between COVID-19 mRNA

vaccines and cases of myocarditis/pericarditis (11). The ACIP

also conducted a benefit–risk assessment for COVID-19 mRNA

vaccination and myocarditis/pericarditis with the conclusion

that the benefits outweigh the risks, and the continued use of

mRNA COVID-19 vaccines is still recommended for all age

groups (11).

Since August 2021, a series of EUAs and recommendations,

including those for an additional primary dose for

immunocompromised persons and a booster dose for persons

having been vaccinated with two doses of mRNA vaccine, were

approved because of reduced immunogenic i ty in

immunocompromised persons, waning vaccine effectiveness

over time, and the introduction of the highly transmissible

variants (12). The recommendation was extended to certain

recipients aged ≥ 12 years soon afterwards, starting a full-scale

booster campaign (13). Several myocarditis/pericarditis cases

following booster shot of mRNA COVID-19 vaccines have been

published (14–17). Concerns about whether the favorable

balance of primary series still stand for booster dose and

whether the booster vaccination could lead to an increase in

the risks of myocarditis/pericarditis have been raised in addition

the hesitancy to receive a booster dose.
02
No population-based study addressing these doubts has been

performed to date. Thus, to further evaluate whether the booster

dose of COVID-19 mRNA vaccine when compared with the

primary series could cause an increase in the risks of

myocarditis/pericarditis, a population-based study based on

the CDC COVID Data Tracker and the Vaccines Adverse

Event Reporting System (VAERS) was conducted to

investigate the incidence rates and risks of myocarditis/

pericarditis following the booster dose and primary series of

COVID-19 mRNA vaccinations.
Methods

Data source

VAERS is a US system for reporting adverse events following

immunization (AEFIs) that is co-administered by the CDC and

the FDA (18, 19). VAERS accepts reports from vaccine

manufacturers, health-care providers, vaccine recipients, and

others. The VAERS reports include information concerning

age, sex, administered vaccines, dose and lot number, post-

vaccination adverse events (AEs), and health history. Signs and

symptoms of AEs are coded by trained personnel using the

Medical Dictionary for Regulatory Activities (MedDRA), a

clinically validated, internationally standardized terminology

(19, 20). VAERS can be applied to detect unexpected patterns

of AEFIs which are unlikely to be detected in clinical trials

because of the limited number of participating vaccine recipients

(21–25). The CDC COVID Data Tracker is another data source

used in this study. It provides comprehensive information on

COVID-19 vaccinations in the US, including delivered and

administered doses, the number of people who received at

least one dose, number of people who are fully vaccinated, and

number of people who received booster dose based on vaccine

type (26).
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Data extraction

VAERS data (from December 11, 2020 to March 15, 2022)

were downloaded from the FDA website. Raw VAERS data were

managed locally using theMicrosoft Access software (version 2021

X32). Each report was classified based on the following binomial

factors: (1) “with” or “without” exposure to the administration of

vaccines of interest (namely, BNT162b2 from Pfizer-BioNTech

and mRNA-1273 from Moderna) and (2) “with” or “without” the

development of an AEFI category of interest, which was defined by

combining the MedDRA 24.1 preferred terms (PTs) of

“myocarditis”, “pericarditis”, and “myopericarditis”. Each

narrative myocarditis/pericarditis report and laboratory results

were reviewed. Data, such as age, sex, dose, seriousness, and AE

onset interval (from vaccination date [day 0] to the reported onset

of first symptoms) were also collected. The total doses of COVID-

19 mRNA vaccine by administered and number of people

vaccinated through different vaccination programs were acquired

through the CDCCOVIDData Tracker. According to the Tracker,

this study counts people as having “received a booster dose” if they

are fully vaccinated and received another dose of any COVID-19

mRNA vaccine on or after August 13, 2021. This system does not

distinguish whether the recipient is immunocompromised or

received an additional dose.
Data analysis

The incidence rate of myocarditis/pericarditis was estimated

using reports of myocarditis/pericarditis divided by the number

of vaccinated people or the total doses of administered COVID-

19 mRNA vaccines during the same study period. A population-

based pharmacovigilance analysis using a case/non-case

approach was performed to access the risks of myocarditis/
Frontiers in Immunology 03
pericarditis after different COVID-19 mRNA vaccination

programs. This system is a common approach used in

pharmacovigilance studies to identify safety signals (22, 23,

27). From the mathematical point of view, the idea of the case/

non-case approach is to compare the proportion of an AE of

interest in people exposed to a specific vaccine (cases) with the

reports of the same reaction in people who were not exposed to

this vaccine (non-cases) (28, 29). This so-called case/non-case

approach can be considered a case-control analysis, and results

can be measured using the reporting odds ratio and proportional

reporting ratio (ROR and PRR, respectively) with their 95%

confidence interval (95% CI) (30). The signal was defined by the

criterion of the lower limit of the 95% CI of ROR or PRR > 1. The

higher the 95%CI is, the more significant the signal is.

In our study, disproportionality was accessed by ROR and

PRR. ROR= (Na * Nd)/(Nb * Nc) and PRR= (Na/[Na+Nb])/(Nc/

[Nc+Nd]) in which Na is the number of reports of myocarditis/

pericarditis for COVID-19 mRNA vaccines (primary series or

booster dose), Nb represents the reports for COVID-19 mRNA

vaccines (primary series or booster dose) without reporting

myocarditis/pericarditis, Nc is the number of the reports of

myocarditis/pericarditis for all other vaccines, Nd represents the

number of the reports for all other vaccines without reporting

myocarditis/pericarditis. The flowchart for identifying cases and

non-cases from the VAERS database is shown in Figure 1.
Results

Incidence of COVID-19 mRNA vaccine
related myocarditis/pericarditis

As of March 15, 2022, a total of 538,368,518 doses of

COVID-19 mRNA vaccine (443,705,709 doses for primary
FIGURE 1

Flowchart of identifying cases and non-cases from VAERS database. VAERS, Vaccine Adverse Event Reporting System; mRNA, messenger RNA;
COVID-19, coronavirus disease 2019; PT, preferred term. * including reports of primary series, booster dose and unspecified dose.
frontiersin.org

https://doi.org/10.3389/fimmu.2022.938322
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Chen et al. 10.3389/fimmu.2022.938322
series and 94,662,809 doses for booster shot) were administered,

and 199,808,526 people have been fully vaccinated with COVID-

19 mRNA vaccine in the US. Overall, 723,835 AEFIs were found

to be related to COVID-19 mRNA vaccines, and 3,873 reports

related to myocarditis/pericarditis were documented in the

VAERS database during the analytical period. Among them,

the primary-series mRNA COVID-19 vaccination was identified

as the suspected vaccine causing myocarditis/pericarditis in

2,588 reports, while booster-dose vaccination in 269 reports.

The incidences of myocarditis/pericarditis are summarized in

Tables 1, 2. AEs of myocarditis/pericarditis following primary-

series COVID-19 mRNA vaccination were rare with an overall

incidence rate of 5.83 (95% CI 5.61–6.06) cases per million doses

administered and 10.61 (95% CI 10.21–11.03) cases per million

vaccine recipients. The incidence rate for the booster dose was

2.84 (95% CI 2.51–3.20), which was significantly lower than the
Frontiers in Immunology 04
primary series. Among the primary series, the incidence rate was

much higher for dose 2 at 9.26 (95% CI 8.84–9.69), and it

decreased for dose 1 to 3.03 (95% CI 2.81–3.25). Stratified

analyses by manufacturer were carried out. The results showed

that the incidence rates of the booster dose were significantly

lower than the primary series for both Pfizer-BioNTech

and Moderna.
Descriptive analysis

The clinical characteristics of these vaccine recipients are

presented in Table 3. Overall, cases of myocarditis/pericarditis

were more common after administration of primary-series

COVID-19 vaccination, especially following the second dose.

For both primary series and booster dose, cases of myocarditis/
TABLE 1 The incidence rate of cases of myocarditis/pericarditis by different COVID-19mRNA vaccination programs based on total administered dose.

Manufacturer Vaccination
program

Total doses
administered

Myocarditis Pericarditis Myopericarditis In total

Cases Incidence
rate*

Cases Incidence
rate*

Cases Incidence
rate*

Cases Incidence
rate*

Pfizer-BioNTech Primary series

Dose 1 151,453,547 189 1.25 (1.08-
1.44)#

185 1.22 (1.05-
1.41)#

33 0.22 (0.15-
0.31)#

407 2.69 (2.43-
2.96)#

Dose 2 124,212,958 773 6.22 (5.79-
6.68)

395 3.18 (2.87-
3.51)

107 0.86 (0.71-
1.04)

1,275 10.26 (9.71-
10.84)

In total 275,666,505 962 3.49 (3.27-
3.72)

580 2.1 (1.94-2.28) 140 0.51 (0.43-
0.60)

1,682 6.10 (5.81-
6.40)

Booster dose

Dose 3 53,149,023 78 1.47 (1.16-
1.83)#%

71 1.34 (1.04-
1.69)#%

10 0.19 (0.09-
0.35)#%

159 3.00 (2.55-
3.49)#%

Moderna Primary series

Dose 1 92,443,636 181 1.96 (1.68-
2.27)#

124 1.34 (1.12-
1.60)#

26 0.28 (0.18-
0.41)#

331 3.58 (3.21-
3.99)#

Dose 2 75,595,568 293 3.88 (3.45-
4.35)

225 2.98 (2.60-
3.40)

57 0.75 (0.57-
0.98)

575 7.61 (7.00-
8.25)

In total 168,039,204 474 2.82 (2.57-
3.09)

349 2.08 (1.87-
2.31)

83 0.49 (0.39-
0.61)

906 5.39 (5.05-
5.75)

Booster dose

Dose 3 41,513,786 58 1.40 (1.06-
1.81)#%

46 1.11 (0.81-
1.48)#%

6 0.14 (0.05-
0.31)#%

110 2.65 (2.18-
3.19)#%

All mRNA Primary series

Dose 1 243,897,183 370 1.52 (1.37 -
1.68)#

309 1.27 (1.13 -
1.42)#

59 0.24 (0.18 -
0.31)#

738 3.03 (2.81-
3.25)#

Dose 2 199,808,526 1,066 5.34 (5.02 -
5.67)

620 3.10 (2.86 -
3.36)

164 0.82 (0.70 -
0.96)

1,850 9.26 (8.84-
9.69)

In total 443,705,709 1,436 3.24 (3.07 -
3.41)

929 2.09 (1.96 -
2.23)

223 0.50 (0.44 -
0.57)

2,588 5.83 (5.61-
6.06)

Booster dose

Dose 3 94,662,809 136 1.44 (1.21 -
1.70)#%

117 1.24 (1.02 -
1.48)#%

16 0.17 (0.09 -
0.27)#%

269 2.84 (2.51-
3.20)%#
f

*Defined as per million doses (95% confidence interval [95% CI]); % P < 0.05, compared with primary series; #P < 0.05, compared with dose 2.
mRNA, messenger RNA; COVID-19, coronavirus disease 2019.
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pericarditis were more likely to be reported in middle/younger

males (age ranging from 25- to 44-year-old). Cases of

myocarditis/pericarditis were more likely to be serious than

other reported AEs. For primary series, about 60% of AEs of

myocarditis/pericarditis were hospitalized, 50.54% had

emergency room (ER) visits, and 1.16% died. For reports of

myocarditis/pericarditis following booster dose, 48.70% of the

cases were hospitalized, 55.90% had ER visits, and 1 out of 269

cases (0.37%) died. For the primary series, myocarditis

accounted for 1436 (55.49%) reports, pericarditis accounted

for 929 (35.90%) reports, and in 223 (8.62%) reports, patients

developed symptoms of myopericarditis. For booster doses,

myocarditis still accounted for about 50% of the cases while

pericarditis accounted for 43.49% of the cases.
Frontiers in Immunology 05
Disproportionality analysis

The results of overall disproportionality analysis are

summarized in Table 4. These results revealed significantly

high reporting of myocarditis/pericarditis following the

administration of both COVID-19 mRNA vaccination

programs. Compared with primary series, booster dose of

COVID-19 mRNA vaccination did not lead to an increasing

risk of myocarditis/pericarditis (primary series: ROR 1.64; 95%

CI 1.46–1.83, booster dose: ROR 1.59; 95% CI 1.35–1.86).

Among primary series, dose 1 was not associated with signal

of myocarditis/pericarditis, while dose 2 was significantly

associated with these risks. To further access the individual

characteristics, separate sub-analyses based on dose, sex, and
TABLE 2 The incidence rate of cases of myocarditis/pericarditis by different mRNA COVID-19 vaccination programs based on number of people
vaccinated.

Manufacturer Vaccination
program

Number of people
vaccinated

Myocarditis Pericarditis Myopericarditis In total

Cases Incidence
rate@

Cases Incidence
rate@

Cases Incidence
rate@

Cases Incidence
rate@

Pfizer-BioNTech Primary series

Dose 1 151,453,547 189 1.25 (1.08-
1.44)#

185 1.22 (1.05-
1.41)#

33 0.22 (0.15-
0.31)#

407 2.69 (2.43-
2.96)#

Dose 2 124,212,958 773 6.22 (5.79-
6.68)

395 3.18 (2.87-
3.51)

107 0.86 (0.71-
1.04)

1,275 10.26 (9.71-
10.84)

In total 151,453,547 962 6.35 (5.96-
6.77)

580 3.83 (3.52-
4.15)

140 0.92 (0.78-
1.09)

1,682 11.11 (10.58-
11.65)

Booster dose

Dose 3 53,149,023 78 1.47 (1.16-
1.83)#%

71 1.34 (1.04-
1.69)#%

10 0.19 (0.09-
0.35)#%

159 3.00 (2.55-
3.49)#%

Moderna Primary series

Dose 1 92,443,636 181 1.96 (1.68-
2.27)#

124 1.34 (1.12-
1.60)#

26 0.28 (0.18-
0.41)#

331 3.58 (3.21-
3.99)#

Dose 2 75,595,568 293 3.88 (3.45-
4.35)

225 2.98 (2.60-
3.40)

57 0.75 (0.57-
0.98)

575 7.61 (7.00-
8.25)

In total 92,443,636 474 5.13 (4.68-
5.61)

349 3.78 (3.39-
4.19)

83 0.90 (0.72-
1.11)

906 9.80 (9.17-
10.46)

Booster dose

Dose 3 41,513,786 58 1.40 (1.06-
1.81)#%

46 1.11 (0.81-
1.48)#%

6 0.14 (0.05-
0.31)#%

110 2.65 (2.18-
3.19)#%

All mRNA Primary series

Dose 1 243,897,183 370 1.52 (1.37 -
1.68)#

309 1.27 (1.13 -
1.42)#

59 0.24 (0.18 -
0.31)#

738 3.03 (2.81-
3.25)#

Dose 2 199,808,526 1,066 5.34 (5.02 -
5.67)

620 3.10 (2.86 -
3.36)

164 0.82 (0.70 -
0.96)

1,850 9.26 (8.84-
9.69)

In total 243,897,183 1,436 5.89 (5.59 -
6.20)

929 3.81 (3.57 -
4.06)

223 0.91 (0.80 -
1.04)

2,588 10.61 (10.21-
11.03)

Booster dose

Dose 3 94,662,809 136 1.44 (1.21 -
1.70)%#

117 1.24 (1.02 -
1.48)%#

16 0.17 (0.09 -
0.27)%#

269 2.84 (2.51-
3.20)%#
f

@ Defined as per million vaccinees (95% CI); % P < 0.05, compared with primary series; #P < 0.05, compared with dose 2.
VAERS, Vaccine Adverse Event Reporting System; mRNA, messenger RNA; COVID-19, coronavirus disease 2019..
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age were conducted (Table 5). The risks for myocarditis/

pericarditis were higher in males when compared with females

for all doses. The analysis by age suggested stronger links

between the second dose COVID-19 mRNA vaccine and

myocarditis/pericarditis among adolescence (ROR 12.91; 95%

CI 11.14–14.95) and young adults aged 18 to 24 years (ROR

12.54; 95% CI 10.84–14.52). For dose 1, young adults were
Frontiers in Immunology 06
significantly associated with the risks of myocarditis/pericarditis

with a high ROR of 2.40 (95%CI=1.94–2.97) compared to other

age groups. For the booster dose, the risk for myocarditis/

pericarditis was highest in young adults aged 18 to 24 years

(ROR 6.15; 95% CI 4.48–8.43), and it decreased to 2.80 (95%

CI=1.74–4.50) in adolescence. The results showed decreasing

association of myocarditis/pericarditis risk with older ages for all
TABLE 3 Characteristics of reports to the VAERS following mRNA COVID-19 vaccination. .

Characteristics Primary series Booster dose P value

Dose 1 Dose 2 In total Dose 3

Cases Noncases Cases Noncases Cases Noncases Cases Noncases
n(%) 738 328,881 1,850 230,781 2,588 559,662 269 59,928 0.64

Sex

Female 300 (40.65) 229,761 (69.86) 505 (27.30) 156,113 (67.65) 805 (31.11) 385,874 (68.95) 110 (40.89) 37,549 (62.66) < 0.05

Male 427 (57.86) 88,089 (26.78) 1,329 (71.84) 70,556 (30.57) 1,756 (67.85) 158,645 (28.35) 156 (57.99) 19,966 (33.32) < 0.05

Not specified 11 (1.49) 11,031 (3.35) 16 (0.86) 4,112 (1.78) 27 (1.04) 15,143 (2.71) 3 (1.12) 2,413 (4.03)

Age (y)

<18 81 (10.98) 20,591 (6.26) 387 (20.92) 10,606 (4.60) 468 (18.08) 31,197 (5.57) 18 (6.69) 2,275 (3.80) < 0.05

18-24 114 (15.45) 16,765 (5.10) 392 (21.19) 11,054 (4.79) 506 (19.55) 27,819 (4.97) 44 (16.36) 2,532 (4.23) 0.77

25-44 256c(34.69) 90,286 (27.45) 528 (28.54) 66,353 (28.75) 784 (30.29) 156,639 (27.99) 95 (35.32) 14,957 (24.96) 0.03

45-64 169 (22.90) 95,876 (29.15) 305 (16.49) 73,453 (31.83) 474 (18.32) 169,329 (30.26) 58 (21.56) 18595 (31.03) 0.44

≥65 74 (10.03) 68,805 (20.92) 152 (8.22) 56,458 (24.46) 226 (8.73) 125,263 (22.38) 52 (19.33) 18,588 (31.02) < 0.05

Not specified 44 (5.96) 36,558 (11.12) 86 (4.65) 12,857 (5.57) 130 (5.02) 49,415 (8.83) 2 (0.74) 2,981 (4.97) < 0.05

Seriousness

Death 13 (1.76) 2,994 (0.91) 17 (0.92) 4,924 (2.13) 30 (1.16) 7,918 (1.41) 1 (0.37) 719 (1.20) 0.30

Life-threatening 90 (12.20) 3,356 (1.02) 277 (14.97) 4,549 (1.97) 367 (14.18) 7,905 (1.41) 36 (13.38) 789 (1.32) 0.92

Hospitalization 355 (48.10) 12,328 (3.75) 1,175 (63.51) 25,706 (11.14) 1,530 (59.12) 38,034 (6.80) 131 (48.70) 4,445 (7.42) < 0.05

Disability 36 (4.88) 3,682 (1.12) 90 (4.86) 5,615 (2.43) 126 (4.87) 9,297 (1.66) 9 (3.35) 822 (1.37) 0.54

ER visit 355 (48.10) 37,648 (11.45) 953 (51.51) 31,717 (13.74) 1,308 (50.54) 69,365 (12.39) 149 (55.39) 6,365 (10.62) < 0.05

Symptoms

Myocarditis 370 (50.14) / 1,066 (57.62) / 1,436 (55.49) / 136 (50.56) / 0.12

Pericarditis 309 (41.87) / 620 (33.51) / 929 (35.90) / 117 (43.49) / < 0.05

Myopericarditis 59 (7.99) / 164 (8.86) / 223 (8.62) / 16 (5.95) / 0.08

Manufacturer

Pfizer-BioNTech 407 (55.15) 147,442 (44.83) 1,275 (68.92) 131,427 (56.95) 1,682 (64.99) 278,869 (49.83) 159 (59.11) 30,941 (51.63) 0.05

Moderna 331 (44.85) 181,439 (55.17) 575 (31.08) 99,354 (43.05) 906 (35.01) 280,793 (50.17) 110 (40.89) 28,987 (48.37) 0.11
front
VAERS, Vaccine Adverse Event Reporting System; mRNA, messenger RNA; COVID-19, coronavirus disease 2019.
TABLE 4 Results of overall disproportionality analysis.

Vaccination
Programs

Pfizer-BioNTech Moderna All mRNA

Cases ROR (95%CI) PRR (95%CI) Cases ROR (95%CI) PRR (95%CI) Cases ROR (95%CI) PRR (95%CI)

Primary Series

Dose 1 407 0.98 (0.85-1.13) 0.98 (0.85-1.13) 331 0.65 (0.55-0.75) 0.65 (0.56-0.75) 738 0.79 (0.70 - 0.90) 0.79 (0.70 - 0.90)

Dose 2 1275 3.43 (3.04-3.87) 3.41 (3.03-3.84) 575 2.05 (1.79-2.34) 2.04 (1.79-2.33) 1850 2.84 (2.53 - 3.18) 2.82 (2.51 - 3.16)

In total 1682 2.13 (1.90-2.40) 2.13 (1.89-2.39) 906 1.14 (1.01-1.29) 1.14 (1.01-1.29) 2588 1.64 (1.46-1.83) 1.63 (1.46-1.83)

Booster dose

Dose 3 159 1.82 (1.51-2.19) 1.81 (1.50-2.19) 110 1.34 (1.08-1.66) 1.34 (1.08-1.66) 269 1.59 (1.35-1.86) 1.59 (1.35-1.86)
ROR, reporting odds ratio; PRR, proportional reporting ratio.
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doses. To challenge the robustness of the results, sensitivity

analyses were performed by comparing PRRs and RORs, which

indicated that PRRs for myocarditis/pericarditis were quite

similar to RORs for all study sets.
Time to onset of COVID-19 mRNA
vaccine related myocarditis/pericarditis

Generally, the median times to event onset of myocarditis/

pericarditis was 4 (inter-quartile range [IQR] 1–14) days for dose

1, 3 (IQR 2–17) days for dose 2, and 3 (IQR 1–7) days for dose 3.

The times to onset following each dose of COVID-19 mRNA

vaccination are shown in Table 6. It can be seen from the data

that most of the AEFIs of myocarditis/pericarditis occurred

within three days after administration of all doses of COVID-

19 mRNA vaccination.
Discussion

To the best of our knowledge, this study is the first real-

world population-based study investigating the incidences and

risks of myocarditis/pericarditis following booster dose and

primary series of COVID-19 mRNA vaccination by assessing

reports submitted to the VAERS. This post-marketing safety

study stems from recent concerns surrounding whether the

booster dose of the COVID-19 mRNA vaccination could lead

to an increase in the risks of myocarditis/pericarditis when

compared with primary-series course, thus joining the wider

debate on the safety of booster-dose COVID-19 vaccination.
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COVID-19 mRNA vaccines have been shown to be safe in

large-scale trials. Cardiovascular adverse effects in these trials

were isolated, with incidences <0.05%, and did not include

myocarditis/pericarditis (1, 2). Myocarditis and/or pericarditis

has been observed following receipt of mRNA COVID-19

vacc ine s s ince the i r EUAs . Accord ing to CDC ’ s

recommendation, people who develop myocarditis or

pericarditis after a dose of Moderna, or Pfizer-BioNTech

COVID-19 vaccine generally should not receive a subsequent

dose of any COVID-19 vaccine (31). Still, there are more cases of

myocarditis/pericarditis reported following second dose of

mRNA vaccination. ACIP identified that among all the

patients with number of vaccine doses received reported, 76%

occurred after receipt of dose 2 of mRNA vaccine during

December 29, 2020-June 11 (11). Myocarditis/pericarditis rates

are ≈ 12.6 cases per million doses of second-dose mRNA vaccine

among individuals 12 to 39 years of age, which was significantly

higher than that of the first dose (32). The Israeli Ministry of

Health also reported 148 myocarditis cases among 10.4 million

vaccinated individuals occurring within 30 days of mRNA

vaccination, the majority occurring after a second dose (11).

Bibhuti and colleagues (33) conducted a cross-sectional study of

29 published cases of acute myopericarditis following COVID-

19 mRNA vaccination. The most common presentation in this

study was chest pain within 1 to 5 days after the second dose of

mRNA COVID-19 vaccination. These facts demonstrated that

the risks of myocarditis/pericarditis for second dose of mRNA

COVID-19 vaccination are much higher than that of first dose

even if people who develop myocarditis or pericarditis after the

first dose might not receive a second dose according to CDC’s

recommendation. Correspondingly, deep concerns about
TABLE 5 Sub-group disproportionality analysis of myocarditis/pericarditis following mRNA COVID-19 vaccination compared to all other vaccines
from VAERS by age, sex and dose.

Characteristics Dose 1 Dose 2 Booster dose

Cases ROR
(95%CI)

PRR
(95%CI)

Cases ROR
(95%CI)

PRR
(95%CI)

Cases ROR
(95%CI)

PRR

Sex Female 300 0.46 (0.40–0.54) 0.46 (0.40–0.54) 505 1.14 (1.00–1.31) 1.14 (1.00–1.31) 110 1.04 (0.84–1.28) 1.04 (0.84–
1.28)

Male 427 1.71 (1.49–2.00) 1.71 (1.48–1.97) 1329 6.66 (5.91–7.51) 6.56 (5.82–7.38) 156 2.76 (2.29–3.34) 2.75 (2.28–
3.32)

Age (y) <18 81 1.39 (1.09–1.78) 1.39 (1.09–1.77) 387 12.91 (11.14–
14.95)

12.49 (10.81–
14.42)

18 2.80 (1.74–4.50) 2.78 (1.74–
4.46)

18–24 114 2.40 (1.94–2.97) 2.40 (1.94–2.96) 392 12.54 (10.84–
14.52)

12.15 (10.52–
14.03)

44 6.15 (4.48–8.43) 6.06 (4.44–
8.27)

25–44 256 1.00 (0.85–1.18) 1.00 (0.85–1.18) 528 2.81 (2.46–3.23) 2.80 (2.44–3.21) 95 2.25 (1.72–2.82) 2.24 (1.78–
2.81)

45–64 169 0.62 (0.52–0.75) 0.62 (0.52–0.75) 305 1.47 (1.26–1.71) 1.47 (1.60–1.71) 58 1.10 (0.83–1.46) 1.10 (0.84–
1.46)

≥65 74 0.38 (0.30–0.49) 0.38 (0.30–0.49) 152 0.95 (0.79–1.15) 0.95 (0.79–1.15) 52 0.99 (0.74–1.33) 0.99 (0.74–
1.32)
ROR, reporting odds ratio; PRR, proportional reporting ratio; VAERS, Vaccine Adverse Event Reporting System; mRNA, messenger RNA; COVID-19, coronavirus disease 2019.
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whether the booster dose could lead to an increase in the risks of

myocarditis/pericarditis have been raised.

This study used the VAERS to retrieve reports of

myocarditis/pericarditis following COVID-19 mRNA

vaccination and the CDC COVID Data tracker to measure the

number of vaccinated people or the total doses of administered

COVID-19 mRNA vaccines during the same period. Hence, the

common limitation of the passive surveillance data of unknown

denominators was solved. Our results indicate that myocarditis/

pericarditis represented rare AEFIs for both primary-series and

booster-dose COVID-19 mRNA vaccinations. In the general US

population, the incidence rates of myocarditis and pericarditis

are 5.73 to 26 cases per 100,000 person-year and 0.95 to 2.16

cases per 100,000 person-year, respectively (34). Compared with

the general population, our study showed higher incidences of

myocarditis and pericarditis after administration of COVID-19

mRNA vaccination, which is consistent with the result of Li’s

previous study (35). Of note, Li only estimated cases from the

primary vaccine series; thus, the study did not provide safety

evidence for the booster-dose vaccination. Our results show that

the incidence rate of myocarditis/pericarditis following booster

dose is significantly lower than that after primary-series

vaccination. Historically, the occurrence of myocarditis/

pericarditis following vaccinations is not new. Rare

occurrences of myocarditis/pericarditis were found to be

associated with smallpox vaccination, hepatitis B, or other

vaccines (18). Another surveillance study identified an

incidence rate of 5.5 per million vaccine recipients for

myocarditis/pericarditis following the smallpox vaccination

(36). Despite significantly high incidence of myocarditis/

pericarditis following the second dose of mRNA vaccines, the

incidences after the first and booster doses of the mRNA

COVID-19 vaccination are lower than that following

smallpox vaccines.

Data mining based on disproportionality analyses within

VAERS has been widely used to detect safety signals of vaccines.

Signals for inactivated influenza and typhoid and tetanus toxoid-
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containing vaccines have been successfully identified as described

in previous studies (37, 38). An earlier disproportionality study

(35) found an increased risk for myocariditis/pericarditis

following primary-series mRNA COVID-19 vaccines. The result

is consistent with ACIP’s conclusion that a likely association

between COVID-19 mRNA vaccines and cases of myocarditis

and pericarditis exists (11). A relevant benefit–risk assessment was

conducted by ACIP thereafter, which concluded that the benefits

outweigh the risks, and continued use of mRNA COVID-19

vaccines is recommended in all age groups (11). It should be

noted that the assessment was conducted before the

recommendation of booster dose. Thus, to further explore the

cardiac safety of booster-dose mRNA COVID-19 vaccination, a

comprehensive analysis was conducted by comparing the

disproportionalities between primary series and booster dose.

The results showed that the ROR and PRR of booster doses are

lower than that of primary series, indicating that booster shots of

mRNA COVID-19 vaccination does not increase the risk of

myocarditis/pericarditis.

Two-thousand five-hundred eighty-eight reports of

myocarditis/pericarditis following primary-series mRNA

COVID-19 vaccination in VAERS during the analytic period

were found, 71.48% of which occurred following the second

dose. This result is consistent with the findings of published

cases with reports predominantly after the second dose of

mRNA COVID-19 vaccines (39-41). In addition, a separate

subgroup disproportionality analysis based on the dose

administered was conducted. Dose 1 showed a lower ROR of

0.79 (95% CI: 0.70–0.90), demonstrating that the first dose was

not associated with any signs of myocarditis/pericarditis. Not

surprisingly, the results revealed significantly high reporting of

myocarditis/pericarditis following the administration of the

second dose. The disproportionality results of ROR and PRR

for dose 3 were both lower than dose 2, further confirming the

cardiac safety of the booster dose.

Males accounted for most of the cases of myocarditis/

pericarditis following both primary and booster shots of
TABLE 6 Time to event onset of myocarditis/pericarditis following different doses of mRNA coronavirus 2019 (COVID-19) vaccination.

Onset time (d) Reports n(%)

Pfizer-BioNTech Moderna All mRNA

Dose 1 Dose 2 Dose 3 Dose 1 Dose 2 Dose 3 Dose 1 Dose 2 Dose 3

0-3 185 (45.45) 706 (55.37) 94 (59.12) 120 (36.25) 283 (49.22) 71 (64.55) 305 (41.33) 989 (53.46) 165 (61.34)

4-7 64 (15.72) 112 (8.78) 21 (13.21) 42 (12.69) 57 (9.91) 22 (20.00) 106 (14.36) 169 (9.14) 43 (15.99)

8-14 52 (12.78) 72 (5.65) 15 (9.43) 35 (10.57) 31 (5.39) 4 (3.64) 87 (11.79) 103 (5.57) 19 (7.06)

>14 72 (17.69) 286 (22.43) 26 (16.35) 81 (24.47) 181 (31.48) 12 (10.91) 153 (20.73) 467 (25.24) 38 (14.13)

Unspecified 34 (8.35) 99 (7.76) 3 (1.89) 53 (16.01) 23 (4.00) 1 (0.91) 87 (11.79) 122 (6.59) 4 (1.49)
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mRNA COVID-19 vaccines. Sub-group disproportionality

analysis also indicated that the risks for myocarditis/

pericarditis were higher in males when compared with females

for all doses. Male predominance in myocarditis/pericarditis

cases has previously been described in the general population

and postvaccination of mRNA COVID-19 vaccines (33, 35, 42,

43). The specific mechanism for this phenomenon is still

unknown. Sex hormone differences are thought to be an

important reason for this difference (39, 44, 45). Estrogen

could inhibit pro-inflammatory T-cells, resulting in a decrease

in cell-mediated immune responses, while testosterone has

inhibitory effects on anti-inflammatory cells (32). Published

studies have also indicated higher incidence of myocarditis/

pericarditis in adolescents following the administration of the

second dose of mRNA COVID-19 vaccines (11). The adolescent

predominance for dose 2 has been verified with a high ROR of

12.91 in our study. Surprisingly, the risks were higher in young

adults aged 18–44 years for dose 1 and booster dose. Thorough

investigations are needed to clarify the differences of age

predominance between doses. Patients in anecdotal reports

usually present with myocarditis-associated symptoms 2–3

days after mRNA COVID-19 vaccination (7, 46, 47). The

median time to the onset of myocarditis/pericarditis was 3

(IQR 1–7) days following booster shot of mRNA COVID-19

vaccine, which was similar to the time to onset reported for doses

1 and 2.

Several hypotheses have been proposed for the potential

mechanisms of mRNA COVID-19 vaccination-induced

myocarditis/pericarditis (32, 48). mRNA COVID-19 vaccines

contain nucleoside-modified mRNA encoding the viral spike

glycoprotein of COVID-19 that will produce an immune

response in the recipient (49). In theory, nucleoside

modifications of mRNA could lead to a reduction in innate

immunogenicity and result in less cytokine activation. COVID-

19 mRNA vaccines have been shown to be safe based on data from

large-scale trials (1, 2). While in certain vaccine recipients with

genetic predisposition, the innate immunogenicity may not be

scaled back and result in the activation of an aberrant immune

response (50, 51). Another study found that antibodies against

COVID-19 spike glycoproteins could cross-react with structurally

similar human peptide protein sequences, such as a-myosin (52),

making the molecular mimicry between the self-antigens and the

spike protein of COVID-19 another possible mechanism for

mRNA COVID-19 vaccination associated myocarditis/

pericarditis. Hajjo and colleagues (45) conducted an informatics

study with systems biology methods to explore the potential

mechanisms for development of myocarditis/pericarditis. The

results suggest a central role of interferon-gamma (INF-g)
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signaling in the biological processes leading to cardiac AEs,

which can be modulated by increasing the time interval between

doses. Thus, this time factor could be part of the reason for second

dose predominance in myocarditis/pericarditis since the time

interval between doses 2 and 3 are longer than that of doses 1

and 2.

Study limitations should be acknowledged. These limitations

are mainly inherent to the nature of self-reporting database (23).

First, cases in VAERS might contain information that is

incomplete and inaccurate, especially the lack of information

on concomitant medications or comorbid medical histories.

However, vaccine safety experts review all reports of serious

AEs and perform further investigations for confirmation if

needed. For example, all adults are given the same dose of

vaccine regardless of their body weight. The raw data of

VAERSDATA doesn’t contain content regarding body weight

information. Therefore, dose dependent sub-analysis could be

conducted to assessing dose/kg how it correlates to myocarditis/

pericarditis. Second, AEs are usually under-reported in VAERS,

which may lead to an underestimation of the actual associated

risks. However, serious AEs, such as myocarditis/pericarditis,

examined in this study are more likely to be reported than

nonserious ones (35). Last, all reports are submitted to VAERS

without assessing specific causality considering the events may

be coincidental and related to other causes. This type of

reporting might lead to an overestimation of the associated

risks. Notwithstanding these limitations, disproportionality

analysis still represents an invaluable method for monitoring

vaccine safety and identifying novel rare signals.

In conclusion, our study showed that the booster dose of

COVID-19 mRNA vaccination when compared with primary

series course does not lead to an increase in the risks of

myocarditis/pericarditis. The risks for myocarditis/pericarditis

were higher in males when compared with females for all doses.

Among the primary series, the second dose was associated with

risks of myocarditis/pericarditis, while the first dose was not. The

risks for myocarditis/pericarditis were highest in young adults

aged 18 to 24 years for booster dose and in adolescence for the

second dose. Most of the AEFIs of myocarditis/pericarditis

occurred within three days after administration of all doses of

COVID-19 mRNA vaccination.
Data availability statement

The original contributions presented in the study are

included in the article/supplementary materials. Further

inquiries can be directed to the corresponding authors.
frontiersin.org

https://doi.org/10.3389/fimmu.2022.938322
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Chen et al. 10.3389/fimmu.2022.938322
Ethics statement

This pharmacovigilance study used publicly available,

deidentified data. Ethical review and approval was not

required for the study on human participants in accordance

with the local legislation and institutional requirements. Written

informed consent from the participants’ legal guardian/next of

kin was not required to participate in this study in accordance

with the national legislation and the institutional requirements.
Author contributions

JF and JX conceived and designed this study. CC contributed

to data analysis and interpretation, wrote, and revised the

manuscript. FF and LD contributed to data analysis and

revised the manuscript. All authors contributed to the article

and approved the submitted version.
Funding

This work was partially supported by The Medical and

Health Guidance Project of Xiamen (3502Z214ZD1168).
Frontiers in Immunology 10
Acknowledgments

We thank Xiaoshan Yu, a pharmacovigilance specialist, for

her role in reviewing disproportionality analysis.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
References
1. Polack FP, Thomas SJ, Kitchin N, Absalon J, Gurtman A, Lockhart S, et al.
Safety and efficacy of the BNT162b2 mRNA covid-19 vaccine. N Engl J Med (2020)
383:2603–15. doi: 10.1056/NEJMoa2034577

2. Baden LR, EL Sahly HM, Essink B, Kotloff K, Frey S, Novak R, et al. Efficacy
and safety of the mRNA-1273 SARS-CoV-2 vaccine. N Engl J Med (2021) 384:403–
16. doi: 10.1056/NEJMoa2035389

3. Choi S, Lee S, Seo JW, Kim MJ, Jeon YH, Park JH, et al. Myocarditis-induced
sudden death after BNT162b2 mRNA COVID-19 vaccination in Korea: Case
report focusing on histopathological findings. J KoreanMed Sci (2021) 36:e286. doi:
10.3346/jkms.2021.36.e286

4. Cui G, Li R, Zhao C, Wang DW. Case report: COVID-19 vaccination
associated fulminant myocarditis. Front Cardiovasc Med (2021) 8:769616. doi:
10.3389/fcvm.2021.769616

5. Giray D, Epcacan S. Acute myocarditis following COVID-19mRNA vaccination:
a paediatric case. Cardiol Young (2022), 1–3. doi: 10.1017/S1047951121004698

6. Kyaw H, Shajahan S, Gulati A, Synn S, Khurana S, Nazar N, et al. COVID-19
mRNA vaccine-associated myocarditis. Cureus (2022) 14:e21009. doi: 10.7759/
cureus.21009

7. Marshall M, Ferguson ID, Lewis P, Jaggi P, Gagliardo C, Collins JS, et al.
Symptomatic acute myocarditis in 7 adolescents after pfizer-BioNTech COVID-19
vaccination. Pediatrics (2021) 148. doi: 10.1542/peds.2021-052478

8. Muthukumar A, Narasimhan M, Li QZ, Mahimainathan L, Hitto I, Fuda F,
et al. In-depth evaluation of a case of presumed myocarditis after the second dose of
COVID-19 mRNA vaccine. Circulation (2021) 144:487–98. doi: 10.1161/
CIRCULATIONAHA.121.056038

9. Singh B, Kaur P, Cedeno L, Brahimi T, Patel P, Virk H, et al. COVID-19
mRNA vaccine and myocarditis. Eur J Case Rep Intern Med (2021) 8:002681. doi:
10.12890/2021_002681

10. Taher F, Eysa A, Fahmy D, Shalaby A, Mahmoud A, El-Melegy M, et al.
COVID-19 and myocarditis: a brief review. Front Biosci (2022) 27:73. doi:
10.31083/j.fbl2702073

11. Gargano JW, Wallace M, Hadler SC, Langley G, Su JR, Oster ME, et al. 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. MMWR Morb. Mortal. Wkly Rep (2021) 70:977–82. doi:
10.15585/mmwr.mm7027e2

12. Fast HE, Zell E, Murthy BP, Murthy N, Meng L, Scharf LG, et al. Booster
and additional primary dose COVID-19 vaccinations among adults aged >/=65
years - united states, august 13, 2021-November 19, 2021. MMWR Morb. Mortal.
Wkly Rep (2021) 70:1735–9. doi: 10.15585/mmwr.mm7050e2

13. Mbaeyi S, Oliver SE, Collins JP, Godfrey M, Goswami ND, Hadler SC, et al.
The advisory committee on immunization practices' interim recommendations for
additional primary and booster doses of COVID-19 vaccines - united state.
MMWR Morb. Mortal. Wkly Rep (2021) 70:1545–52.

14. Aviram G, Viskin D, Topilsky Y, Sadon S, Shalmon T, Taieb P, et al.
Myocarditis associated with COVID-19 booster vaccination. Circ Cardiovasc
Imaging (2022) 15:e013771. doi: 10.1161/CIRCIMAGING.121.013771

15. Schmitt P, Demoulin R, Poyet R, Capilla E, Rohel G, Pons F, et al. Acute
myocarditis after COVID-19 vaccination: A case report. Rev Med Interne. (2021)
42:797–800. doi: 10.1016/j.revmed.2021.10.003

16. Mengesha B, Asenov AG, Hirsh-Raccah B, Amir O, Pappo O, Asleh R.
Severe acute myocarditis after the third (Booster) dose of mRNA COVID-19
vaccination. Vaccines (Basel) (2022) 10. doi: 10.3390/vaccines10040575

17. Shiyovich A, Witberg G, Aviv Y, Kornowski R, Hamdan A. A case series of
myocarditis following third (Booster) dose of COVID-19 vaccination: Magnetic
resonance imaging study. Front Cardiovasc Med (2022) 9:839090. doi: 10.3389/
fcvm.2022.839090

18. Su JR,Mcneil MM,Welsh KJ, Marquez PL, Ng C, YanM, et al. Myopericarditis
after vaccination, vaccine adverse event reporting system (VAERS), 1990-2018.Vaccine
(2021) 39:839–45. doi: 10.1016/j.vaccine.2020.12.046

19. Shimabukuro TT, Nguyen M, Martin D, Destefano F. Safety monitoring in
the vaccine adverse event reporting system (VAERS). Vaccine (2015) 33:4398–405.
doi: 10.1016/j.vaccine.2015.07.035

20. Team, C. C.-R., Food & Drug A. Allergic reactions including anaphylaxis
after receipt of the first dose of pfizer-BioNTech COVID-19 vaccine - united states,
December 14-23, 2020. MMWR Morb. Mortal. Wkly Rep (2021) 70:46–51.

21. Bonaldo G, Vaccheri A, D'annibali O, Motola D. Safety profile of human
papilloma virus vaccines: an analysis of the US vaccine adverse event reporting
frontiersin.org

https://doi.org/10.1056/NEJMoa2034577
https://doi.org/10.1056/NEJMoa2035389
https://doi.org/10.3346/jkms.2021.36.e286
https://doi.org/10.3389/fcvm.2021.769616
https://doi.org/10.1017/S1047951121004698
https://doi.org/10.7759/cureus.21009
https://doi.org/10.7759/cureus.21009
https://doi.org/10.1542/peds.2021-052478
https://doi.org/10.1161/CIRCULATIONAHA.121.056038
https://doi.org/10.1161/CIRCULATIONAHA.121.056038
https://doi.org/10.12890/2021_002681
https://doi.org/10.31083/j.fbl2702073
https://doi.org/10.15585/mmwr.mm7027e2
https://doi.org/10.15585/mmwr.mm7050e2
https://doi.org/10.1161/CIRCIMAGING.121.013771
https://doi.org/10.1016/j.revmed.2021.10.003
https://doi.org/10.3390/vaccines10040575
https://doi.org/10.3389/fcvm.2022.839090
https://doi.org/10.3389/fcvm.2022.839090
https://doi.org/10.1016/j.vaccine.2020.12.046
https://doi.org/10.1016/j.vaccine.2015.07.035
https://doi.org/10.3389/fimmu.2022.938322
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Chen et al. 10.3389/fimmu.2022.938322
system from 2007 to 2017. Br J Clin Pharmacol (2019) 85:634–43. doi: 10.1111/
bcp.13841

22. Sessa M, Kragholm K, Hviid A, Andersen M. Thromboembolic events in
younger women exposed to pfizer-BioNTech or moderna COVID-19 vaccines.
Expert Opin Drug Saf (2021) 20:1451–3. doi: 10.1080/14740338.2021.1955101

23. Sato K, Mano T, Niimi Y, Toda T, Iwata A, Iwatsubo T. Facial nerve palsy
following the administration of COVID-19 mRNA vaccines: analysis of a self-
reporting database. Int J Infect Dis (2021) 111:310–2. doi: 10.1016/j.ijid.2021.08.071

24. Neha R, Subeesh V, Beulah E, Gouri N, Maheswari E. Postlicensure
surveillance of human papillomavirus vaccine using the vaccine adverse event
reporting system 2006-2017. Perspect Clin Res (2020) 11:24–30. doi: 10.4103/
picr.PICR_140_18

25. Mouchet J, Begaud B. Central demyelinating diseases after vaccination
against hepatitis b virus: A disproportionality analysis within the VAERS
database. Drug Saf (2018) 41:767–74. doi: 10.1007/s40264-018-0652-4

26. Lv G, Yuan J, Xiong X, Li M. Mortality rate and characteristics of deaths
following COVID-19 vaccination. Front Med (Lausanne) (2021) 8:670370. doi:
10.3389/fmed.2021.670370

27. Montastruc JL, Sommet A, Bagheri H, Lapeyre-Mestre M. Benefits and
strengths of the disproportionality analysis for identification of adverse drug
reactions in a pharmacovigilance database. Br J Clin Pharmacol (2011) 72:905–8.
doi: 10.1111/j.1365-2125.2011.04037.x

28. RothmanKJ, Lanes S, Sacks ST.The reportingodds ratioand its advantagesover
the proportional reporting ratio. Pharmacoepidemiol. Drug Saf (2004) 13:519–23.

29. Sakaeda T, Tamon A, Kadoyama K, Okuno Y. Data mining of the public
version of the FDA adverse event reporting system. Int J Med Sci (2013) 10:796–
803. doi: 10.7150/ijms.6048

30. Van Puijenbroek EP, Bate A, Leufkens HG, Lindquist M, Orre R, Egberts
AC. A comparison of measures of disproportionality for signal detection in
spontaneous reporting systems for adverse drug reactions. Pharmacoepidemiol.
Drug Saf (2002) 11:3–10.

31. Centers for Disease Control and Prevention. Interim clinical considerations
for use of COVID-19 vaccines currently approved or authorized in the united states
(2022). Available at: https://www.cdc.gov/vaccines/covid-19/clinical-
considerations/interim-considerations-us.html (Accessed April 5, 2022).

32. Bozkurt B, Kamat I, Hotez PJ. Myocarditis with COVID-19 mRNA vaccines.
Circulation (2021) 144:471–84. doi: 10.1161/CIRCULATIONAHA.121.056135

33. Das BB, Moskowitz WB, Taylor MB, Palmer A. Myocarditis and pericarditis
following mRNA COVID-19 vaccination: What do we know so far? Children
(Basel) (2021) 8. doi: 10.3390/children8070607

34. Gubernot D, Jazwa A, Niu M, Baumblatt J, Gee J, Moro P, et al. U.S.
population-based background incidence rates of medical conditions for use in
safety assessment of COVID-19 vaccines. Vaccine (2021) 39:3666–77. doi: 10.1016/
j.vaccine.2021.05.016

35. Li M, Yuan J, Lv G, Brown J, Jiang X, Lu ZK. Myocarditis and pericarditis
following COVID-19 vaccination: Inequalities in age and vaccine types. J Pers Med
(2021) 11. doi: 10.3390/jpm11111106

36. Morgan J, Roper MH, Sperling L, Schieber RA, Heffelfinger JD, Casey CG,
et al. Myocarditis, pericarditis, and dilated cardiomyopathy after smallpox
vaccination among civilians in the united states, January-October 2003. Clin
Infect Dis (2008) 46 Suppl 3:S242–50. doi: 10.1086/524747
Frontiers in Immunology 11
37. Iskander J, Pool V, Zhou W, English-Bullard R, Team V. Data mining in the
US using the vaccine adverse event reporting system. Drug Saf (2006) 29:375–84.
doi: 10.2165/00002018-200629050-00002

38. Kamath A, Maity N, Nayak MA. Facial paralysis following influenza
vaccination: A disproportionality analysis using the vaccine adverse event
reporting system database. Clin Drug Investig (2020) 40:883–9. doi: 10.1007/
s40261-020-00952-0

39. Fairweather D, Cooper LTJr., Blauwet LA. Sex and gender differences in
myocarditis and dilated cardiomyopathy. Curr Probl. Cardiol (2013) 38:7–46.

40. Yap J, Tham MY, Poh J, Toh D, Chan CL, Lim TW, et al. Pericarditis and
myocarditis after COVID-19 mRNA vaccination in a nationwide setting. Ann Acad
Med Singap. (2022) 51:96–100. doi: 10.47102/annals-acadmedsg.2021425

41. Lyden DC, Olszewski J, Feran M, Job LP, Huber SA. Coxsackievirus b-3-
induced myocarditis. effect of sex steroids on viremia and infectivity of cardiocytes.
Am J Pathol (1987) 126:432–8.

42. Giron-Gonzalez JA, Moral FJ, Elvira J, Garcia-Gil D, Guerrero F, Gavilan I,
et al. Consistent production of a higher TH1:TH2 cytokine ratio by stimulated T
cells in men compared with women. Eur J Endocrinol (2000) 143:31–6. doi:
10.1530/eje.0.1430031

43. Rosner CM, Genovese L, Tehrani BN, Atkins M, Bakhshi H, Chaudhri S,
et al. Myocarditis temporally associated with COVID-19 vaccination. Circulation
(2021) 144:502–5. doi: 10.1161/CIRCULATIONAHA.121.055891

44. Larson KF, Ammirati E, Adler ED, Cooper LTJr., Hong KN, Saponara G,
et al. Myocarditis after BNT162b2 and mRNA-1273 vaccination. Circulation
(2021) 144:506–8. doi: 10.1161/CIRCULATIONAHA.121.055913

45. Hajjo R, Sabbah DA, Bardaweel SK, Tropsha A. Shedding the light on post-
vaccine myocarditis and pericarditis in COVID-19 and non-COVID-19 vaccine
recipients. Vaccines (Basel) (2021) 9. doi: 10.3390/vaccines9101186

46. Park KS, Sun X, Aikins ME, Moon JJ. Non-viral COVID-19 vaccine delivery
systems. Adv Drug Delivery Rev (2021) 169:137–51. doi: 10.1016/j.addr.2020.12.008

47. Kariko K, Buckstein M, Ni H, Weissman D. Suppression of RNA
recognition by toll-like receptors: the impact of nucleoside modification and the
evolutionary origin of RNA. Immunity (2005) 23:165–75. doi: 10.1016/
j.immuni.2005.06.008

48. Caso F, Costa L, Ruscitti P, Navarini L, Del Puente A, Giacomelli R, et al.
Could sars-coronavirus-2 trigger autoimmune and/or autoinflammatory
mechanisms in genetically predisposed subjects? Autoimmun. Rev (2020)
19:102524.

49. Abu Mouch S, Roguin A, Hellou E, Ishai A, Shoshan U, Mahamid L, et al.
Myocarditis following COVID-19 mRNA vaccination. Vaccine (2021) 39:3790–3.
doi: 10.1016/j.vaccine.2021.05.087

50. Ammirati E, Cavalotti C, Milazzo A, Pedrotti P, Soriano F, Schroeder JW,
et al. Temporal relation between second dose BNT162b2 mRNA covid-19 vaccine
and cardiac involvement in a patient with previous SARS-COV-2 infection. Int J
Cardiol Heart Vasc (2021), 100778.

51. Mclean K, Johnson TJ. Myopericarditis in a previously healthy adolescent
male following COVID-19 vaccination: A case report. Acad Emerg Med (2021)
28:918–21. doi: 10.1111/acem.14322

52. Vojdani A, Kharrazian D. Potential antigenic cross-reactivity between
SARS-CoV-2 and human tissue with a possible link to an increase in
autoimmune diseases. Clin Immunol (2020) 217:108480.
frontiersin.org

https://doi.org/10.1111/bcp.13841
https://doi.org/10.1111/bcp.13841
https://doi.org/10.1080/14740338.2021.1955101
https://doi.org/10.1016/j.ijid.2021.08.071
https://doi.org/10.4103/picr.PICR_140_18
https://doi.org/10.4103/picr.PICR_140_18
https://doi.org/10.1007/s40264-018-0652-4
https://doi.org/10.3389/fmed.2021.670370
https://doi.org/10.1111/j.1365-2125.2011.04037.x
https://doi.org/10.7150/ijms.6048
https://www.cdc.gov/vaccines/covid-19/clinical-considerations/interim-considerations-us.html
https://www.cdc.gov/vaccines/covid-19/clinical-considerations/interim-considerations-us.html
https://doi.org/10.1161/CIRCULATIONAHA.121.056135
https://doi.org/10.3390/children8070607
https://doi.org/10.1016/j.vaccine.2021.05.016
https://doi.org/10.1016/j.vaccine.2021.05.016
https://doi.org/10.3390/jpm11111106
https://doi.org/10.1086/524747
https://doi.org/10.2165/00002018-200629050-00002
https://doi.org/10.1007/s40261-020-00952-0
https://doi.org/10.1007/s40261-020-00952-0
https://doi.org/10.47102/annals-acadmedsg.2021425
https://doi.org/10.1530/eje.0.1430031
https://doi.org/10.1161/CIRCULATIONAHA.121.055891
https://doi.org/10.1161/CIRCULATIONAHA.121.055913
https://doi.org/10.3390/vaccines9101186
https://doi.org/10.1016/j.addr.2020.12.008
https://doi.org/10.1016/j.immuni.2005.06.008
https://doi.org/10.1016/j.immuni.2005.06.008
https://doi.org/10.1016/j.vaccine.2021.05.087
https://doi.org/10.1111/acem.14322
https://doi.org/10.3389/fimmu.2022.938322
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Booster dose of COVID-19 mRNA vaccine does not increase risks of myocarditis and pericarditis compared with primary vaccination: New insights from the vaccine adverse event reporting system
	Introduction
	Methods
	Data source
	Data extraction
	Data analysis

	Results
	Incidence of COVID-19 mRNA vaccine related myocarditis/pericarditis
	Descriptive analysis
	Disproportionality analysis
	Time to onset of COVID-19 mRNA vaccine related myocarditis/pericarditis

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


