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This study evaluates 21-day risk of myocarditis/pericarditis following COVID-19 vaccination among those
aged 12 years and older in Malaysia. We used data from nationwide COVID-19 vaccine registry linked to
hospital episode database to identify individuals vaccinated with BNT162b2, CoronaVac, or ChAdOx1 and
hospitalised for myocarditis/pericarditis between 1 February 2021 and 28 February 2022. There were 87
myocarditis/pericarditis cases identified within 1–21 days after vaccination. Most cases were reported
following BNT16262 vaccination (77.0%) with absolute risk of 0.33 cases/100,000 vaccinated persons
or 1.73 per million doses administered. Highest risk was observed following second dose and in younger,
male individuals. The risk of myocarditis/pericarditis following CoronaVac and ChAdOx1 were much
lower compared to BNT162b2. The findings on higher risk observed among younger following mRNA vac-
cine were consistent with literature and important for targeted surveillance.
� 2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Myocarditis and pericarditis are acute condition associated with
inflammation of the heart. The global incidence rate of myocarditis
for the year 2017 was estimated to be 39 cases per 100,000 persons
[1]. Since the global roll-out of COVID-19 vaccines, post-marketing
surveillance data have suggested increased risk of myocarditis/
pericarditis after COVID-19 vaccination, particularly mRNA-based
COVID-19 vaccine [2,3]. The Pharmacovigilance Risk Assessment
Committee of European’s Medicine Agency evaluated the signals
of myocarditis/pericarditis and concluded the events to be ‘‘rare”
with up to 1 event in 10,000 vaccinated people [4]. Risk of
myocarditis/pericarditis following COVID-19 vaccination varies
by age, sex, vaccine products, and vaccine dose [5,6]. Case reports
and published studies largely focused on the incidence of
myocarditis/pericarditis following administration of mRNA-based
COVID-19 vaccination (BNT162b2 and mRNA-1273). A study from
Hong Kong compared risk of myocarditis/pericarditis between
recipients of BNT162b2 and CoronaVac vaccines [7] while a study
conducted in the United Kingdom (UK) describes risk of myocardi-
tis among recipients of ChAdOx1 and BNT162b2 vaccines [8]. Bet-
ter understanding of the characteristics of the population who
acquired myocarditis/pericarditis postvaccination would facilitate
prevention measures to mitigate the risk and its complications,
as well as facilitate early identification and management.

In Malaysia, the COVID-19 immunisation programme started in
February 2021 according to the national priority scheme with the
main vaccine products authorised for use includes BNT162b2, Cor-
onaVac, ChAdOx1, and a small proportion of population that
received BBIBP-CorV (SinoPharm), Ad5-nCoV (CanSino) and Ad26.
COV2.S. Vaccination for adolescent started in September 2021,
mainly for BNT162b2 vaccine [9]. Malaysia is one of the few coun-
tries with diverse COVID-19 vaccine portfolio administered to the
population. This provided an opportunity to examine the risk with
direct comparison between different vaccine products. Further-
more, population-based estimates of myocarditis/pericarditis risk
following vaccination among Asian population is still lacking. In
this study, we aimed to determine the incidence of myocarditis/
pericarditis following COVID-19 vaccination in a population vacci-
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nated with either BNT162b2, CoronaVac, or ChAdOx1 vaccines in
Malaysia.
Fig. 1. Flowchart of inclusion and exclusion criteria for analysis.
Methods

In this population-based cohort, we used data from nationwide
vaccine registry and health database from Ministry of Health
Malaysia. COVID-19 vaccination registry contains details of all vac-
cinated individuals in Malaysia including vaccination date, brand,
and dose. Hospital admission data was extracted from Malaysia
Health Data Warehouse (MyHDW), a health data repository that
gathers data from healthcare facilities across Malaysia. Inpatient
data includes demographic, hospitalisation details, and diagnoses.
For this study, hospitalisation data was restricted to public hospi-
tals due to unavailability of patient identification and low rates of
successful data linkage associated with private hospitals data.
COVID-19 surveillance data was used to obtain information of
SARS-CoV-2 infection. All database was linked deterministically
using unique resident identification number. Details of data source
have been described previously [10].

We included individuals aged 12 years and older who received
at least one dose of COVID-19 vaccine during the period from 1
February 2021 to 28 February 2022. We restricted the cohort to
those who had either BNT162b2, CoronaVac, or ChAdOx1 vaccines
and with homologous primary vaccine series (if received more
than one vaccine dose). Homologous primary series refers to
receipt of the same vaccine brand for the first two vaccination
doses. We excluded individuals with a history of hospital admis-
sion for myocarditis/pericarditis within 2 years and if they had a
previous positive test for SARS-CoV-2 prior to the outcome event.

Exposure was defined as receipt of a dose of BNT162b2, Corona-
Vac, or ChAdOx1 vaccines. In Malaysia, individuals are eligible to
receive booster vaccine dose (dose 3) after at least 90 days of com-
pleting the priming dose. For the booster dose, individuals can
receive either the same vaccine as the primary series (homologous
booster) or a different vaccine (heterologous booster).

Outcome was defined as the first hospital admission for
myocarditis/pericarditis within 1 to 21 days of receipt of COVID-
19 vaccine (risk period) during the study period. Cases were iden-
tified using International Classification of Disease, Tenth Revision
(ICD-10) (Appendix 1). Diagnosis of either myocarditis or peri-
carditis was used as the outcome event due to low prevalence of
these events in the population. This combined outcome allowed
for a more comprehensive capture of the cases and it was similarly
used in other studies [6,11,12]. Background risk of myocarditis/
pericarditis were extracted from MyHDW for the year 2019.

Cases were summarised descriptively. Cumulative incidence or
absolute risk of myocarditis/pericarditis was estimated using num-
ber of cases divided by (i) the number of vaccinated persons and
(ii) total doses administered with the corresponding 95% confi-
dence interval (CI). Risk associated with the first, second, and boos-
ter dose were calculated based on number of cases that occurred
within the 21-day risk period by the last vaccine dose adminis-
tered. Detailed cohort descriptions are provided in Appendix 2.
The risk of myocarditis/pericarditis associated with the COVID-19
vaccines was compared with the background risk in 2019, adjusted
for 21-day time period to estimate unadjusted risk ratio with 95%
CI. The 95% CIs were calculated using the Poisson exact method.
Analysis was conducted using STATA SE 15.0.

Ethical approval
This study was part of the project ‘‘Case-based clinical safety

monitoring of adverse events following COVID-19 vaccination –
SAFECOVAC” which was approved by the Medical Research and
Ethics Committee, Ministry of Health Malaysia (NMRR-21–822-
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59745). Waiver of informed consent was granted due to the use
of secondary data.

Results

Between 1 February 2021 and 28 February 2022, a total of 191
hospitalisation due to myocarditis/pericarditis that met our inclu-
sion criteria were identified. Of these, 87 cases that occurred
within 1–21 days after vaccination were identified (Fig. 1). Sixty-
seven (77.0%) cases occurred following BNT162b2 vaccine, 15
(17.2%) in CoronaVac, and 5 (5.7%) in ChAdOx1. Characteristic of
myocarditis/pericarditis cases according to the vaccine adminis-
tered are described in Appendix 3. The patients were mostly male
(71.3%) with a median age of 16.7 years. Nearly half of the cases
(44.8%) that occurred following vaccination with BNT162b2 were
adolescent aged 12–17 years old while all cases from CoronaVac
and ChAdOx1 were over 18 years. Most patients were of Malay eth-
nicity (92.5%). All cases except one were discharged alive and the
mean length of stay in hospital was between three to seven days.

Table 1 shows the number of myocarditis/pericarditis events by
vaccine product and dose number and the cumulative incidence
(risk) with 95% CI. The risk of myocarditis/pericarditis following
BNT162b2 vaccine was 0.33 per 100,000 vaccinated persons and
1.73 per million doses administered. The risk was higher after
the second dose compared to the first dose (0.23 vs 0.19 per
100,000 vaccinated persons). Among individuals vaccinated with
CoronaVac and ChAdOx1, the overall risks were 0.15 and 0.18
per 100,000 vaccinated persons, respectively. The incidence of
myocarditis/pericarditis following booster dose was highest
among those who received BNT162b2 as booster (0.08 per
100,000 vaccinated persons) compared to CoronaVac and ChA-
dOx1. Subgroup analysis of booster dose recipients for comparison



Table 1
Cumulative incidence of myocarditis/pericarditis within 1–21 days after SARS-CoV-2 vaccination, by vaccine product and dose.

Vaccine Vaccination
schedule

Events Number of persons
vaccinateda

Cumulative incidence
per 100,000 persons (95% CI)

Number of doses
administered

Cumulative incidence per
million doses
(95% CI)

BNT162b2 Primary series
Dose 1 26 13,573,466 0.19 (0.13, 0.28) 13,573,466 1.92 (1.25, 2.81)
Dose 2 31 13,388,261 0.23 (0.16, 0.33) 13,388,261 2.32 (1.57, 3.29)

Booster dose
Dose 3 10 11,861,042 0.08 (0.04, 0.16) 11,861,042 0.84 (0.40, 1.55)
Homologous b 4 5,257,500 0.07 (0.02, 0.19) 5,257,500 0.76 (0.21, 1.95)
Heterologous c 6 6,603,542 0.09 (0.03, 0.19) 6,603,542 0.91 (0.33, 1.98)

Total 67 20,177,088 0.33 (0.26, 0.42) 38,822,769 1.73 (1.34, 2.19)
CoronaVac Primary series

Dose 1 10 9,881,811 0.10 (0.05, 0.19) 9,881,811 1.01 (0.49, 1.86)
Dose 2 4 9,798,795 0.04 (0.01, 0.11) 9,798,795 0.41 (0.11 (1.05)

Booster dose
Dose 3 1 1,107,802 0.09 (0.00, 0.50) 1,107,802 0.90 (0.02, 5.03)
Homologous b 1 1,089,606 0.09 (0.00, 0.51) 1,089,606 0.92 (0.02, 5.11)
Heterologous c – 18,196 NA 18,196 NA

Total 15 9,900,007 0.15 (0.09, 0.25) 20,788,408 0.72 (0.40, 1.19)
ChAdOx1 Primary series

Dose 1 1 2,040,770 0.05 (0.00, 0.27) 2,040,770 0.49 (0.01, 2.73)
Dose 2 2 2,023,822 0.09 (0.01, 0.36) 2,023,822 0.99 (0.12, 3.57)

Booster dose
Dose 3 2 1,517,906 0.13 (0.02, 0.48) 1,517,906 1.32 (0.16, 4.76)
Homologous b 1 728,337 0.14 (0.00, 0.77) 728,337 1.37 (0.03, 7.65)
Heterologous c 1 789,569 0.13 (0.00, 0.71) 789,569 1.27 (0.03, 7.06)

Total 5 2,830,339 0.18 (0.06, 0.41) 5,582,498 0.90 (0.29, 2.09)

a Defined as total persons who received the vaccine as 1st dose, 2nd dose, or 3rd doses. Person who received 3 vaccine doses contributed to dose 1, dose 2, and dose 3
categories. Total number of persons vaccinated was the sum of individuals who received at least one dose of the vaccine for the primary series and/or booster dose.

b Refers to vaccine administered as the booster dose is the same type as the first and second doses (e.g., BNT162b2/BNT162b2/BNT162b2).
c Refers to vaccine administered as the booster dose is different as the first and second doses (e.g., CoronaVac/CoronaVac/BNT162b2).
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between homologous and heterologous booster showed similar
risk estimates for myocarditis/pericarditis.

Across all vaccine products, the risk of myocarditis/pericarditis
was consistently higher among males compared to females. Fig. 2
shows the risk of myocarditis/pericarditis stratified by dose num-
ber, sex, and age among individuals who received BNT162b2. High-
est risk was observed in male aged 12–17 years following second
dose (0.95 per 100,000 vaccinated persons). Subgroup analysis
was not conducted for the CoronaVac and ChAdOx1 due to small
number of events.

Table 2 summarised the risk of myocarditis/pericarditis follow-
ing SARS-CoV-2 infection and background incidence for the year
2019 for comparison with the risk following vaccination. Notably,
the risk of myocarditis/pericarditis diagnosed within 21-day fol-
lowing SARS-CoV-2 infection was 5.62 per 100,000 persons. Com-
pared to the background incidence of myocarditis/pericarditis in
2019, there was a higher risk differences among the vaccinated.
The risk of developing myocarditis/pericarditis following SARS-
CoV-2 infection, however, was much higher when compared to
the vaccinated and the background rate (risk ratio 133.8; 95% CI
76.1 to 286.2).
Discussion

Using large-linked database, this study describes the incidence
of myocarditis/pericarditis following SARS-CoV-2 vaccination in
Malaysia. We compared the risk estimates between mRNA vaccine
(BNT162b2), inactivated vaccine (CoronaVac), and adenovector
vaccine (ChAdOx1) for primary series and booster dose, including
both homologous and heterologous booster groups. Our study
shows that the risk of myocarditis/pericarditis in 1–21 days follow-
ing vaccination with BNT162b2 was two times higher than Corona-
Vac and ChAdOx1. Stratifying by age and sex, greater risk was
3

observed among male aged 12–17 years after the second dose of
BNT162b2 vaccine.

Our findings are consistent with previous studies that observed
association of carditis risk with BNT161b2, but not CoronaVac
[7,13] or ChAdOx1 [14]. This further supports the evidence that
the potential mechanisms of postvaccination myocarditis/peri-
carditis is specific to mRNA platform. Our study also confirmed
that men were at higher risk of postvaccination myocarditis/peri-
carditis than men, particularly the younger age as reported in ear-
lier studies [3,12,15]. There were concerns about potential risk of
developing myocarditis/pericarditis following booster dose of
mRNA vaccine. Previous studies showed that the risk of myocardi-
tis/pericarditis following booster dose of BNT162b2 to be either
similar or lower than after primary vaccination [15,16]. Our find-
ings add to the evidence by showing that the risk after BNT162b2
booster dose in our population is lower than after the first two
doses, while the estimates between BNT162b2 administered as
homologous and heterologous booster dose were within similar
range. The small number of events following booster dose pre-
cludes further analysis for meaningful comparison.

We found an above expected incidence of myocarditis/peri-
carditis in the vaccinated population compared to the background
estimate in 2019. This was similarly observed in prior studies
[11,17] and other possible attributes include increased awareness
of potential risk of acute myocarditis/pericarditis following
COVID-19 vaccination. Nevertheless, the absolute incidence in
the vaccinated population remained low with 3 cases for every
one million persons vaccinated. It is also important to note that
the incidence of myocarditis/pericarditis following SARS-CoV-2
infection was substantially higher than the vaccinated people
and background risk in our population. This indicates that by
reducing the risk of SARS-CoV-2 infection, vaccination provides
protection against complications associated with infection, includ-
ing carditis. Hence, the risk of carditis and other complications
associated with vaccination needs be weighed against the benefits.



Fig. 2. Cumulative incidence (risk) of myocarditis/pericarditis within 1–21 days after BNT162b2 vaccine, stratified by vaccine dose, sex, and age. Risks are described as risk
per 100,000 vaccinated persons and the corresponding 95% confidence interval (CI).
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Further research shall be conducted especially among population
with potentially higher risk to provide real-world evidence on both
short- and long-term outcomes.

Among the Asian countries, the incidence of myocarditis/peri-
carditis following BNT162b2 vaccination have been reported from
Singapore (0.35 per 100,000 doses), and Taiwan (1.35 per 100,000
vaccinees), and Hong Kong (0.57 per 100,00 doses) [7,17,18]. Hong
Kong also reported the incidence of 5.57 and 37.32 per 100,000
4

persons vaccinated after the first and second dose, respectively,
for the male adolescents [11]. Although our result showed a
slightly lower incidence in our population, direct comparisons
were not possible due to various case definition, risk period, study
design used, as well as different dosing interval applied in different
countries [5,19]. For instance, the study from Taiwan did not
restrict the time since vaccination for their case definition and this
will allow more cases to be included in the analysis [18]. The back-



Table 2
Myocarditis/pericarditis following SARS-CoV-2 vaccination, SARS-CoV-2 infection, and compared to background risk.

SARS-CoV-2 vaccination SARS-CoV-2 infectiona Background (2019)b

BNT162b2 CoronaVac ChAdOx1

Total events 67 15 5 157 200
Persons 20,177,008 9,900,007 2,830,339 2,793,430 27,397,700
Risk per 100,000 persons (95% CI) 0.33

(0.26 to 0.42)
0.15
(0.09 to 0.25)

0.18
(0.06 to 0.41)

5.62
(4.78 to 6.57)

0.04
(0.02 to 0.07)

Risk ratioc

(95% CI)
7.91
(4.08 to 15.5)

3.61
(1.51 to 8.09)

4.21
(1.20 to 13.7)

133.8
(76.1 to 286.2)

Reference

Abbreviation: CI, confidence interval.
a Events post SARS-CoV-2 infection were defined as diagnosis within 1–21 days of positive test.
b Background risk were calculated from the hospital episode database for the year 2019 and Malaysian population as the denominator and standardised to 21 days.
c Risk ratio was calculated as risk per 100,000 persons for the respective cohort (BNT162b2, CoronaVac, ChAdOx1, and SARS-CoV-2 infection) divided by risk in the

population for the year 2019 (background 2019).
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ground incidence of myocarditis/pericarditis in our population was
low and the proportion of people given BNT162b2 vaccine was less
compared to countries like Hong Kong and Singapore given that
other vaccines were rolled out at the similar scale. Collectively,
some of our results are confirmatory and we also demonstrate that
the risk of myocarditis/pericarditis was observed after BNT162b2
booster dose given as either homologous or heterologous.

Nonetheless, our study describes population-based estimates
on risk of myocarditis/pericarditis post-vaccination among the
Asian with multi-ethnic composition in a setting where 3 types
of COVID-19 vaccine were administered in the same population.
Despite the strength of population-based data and nationwide reg-
istry, there are limitations to consider. First, we did not include
cases treated in outpatient or those that did not require medical
attention. Secondly, we only used diagnoses codes to identify cases
and did not include laboratory parameters to confirm events since
such data are not available. Hence, we may have underestimated
the true incidence of myocarditis/pericarditis after vaccination.
Thirdly, due to observational nature of the study, we are unable
to make causal inference on the effect of the vaccines. Lastly, we
cannot rule out misclassification bias and unmeasured confound-
ing from the use of secondary database for this study.
Conclusion

Myocarditis/pericarditis are rare following COVID-19 vaccina-
tion, with absolute event risk of less than five for every 1 million
persons vaccinated in Malaysia within 21 days of vaccination.
The risk was higher among recipients of BNT162b2 compared to
CoronaVac and ChAdOx1. There was preponderance of cases in
young male individuals following second dose of BNT162b2 which
suggests enhanced surveillance in this group to prevent further
complications. Nevertheless, the finding should be interpreted
within the context of the benefits of COVID-19 vaccination since
it still outweighs the possible harm of SARS-CoV-2 infection for
the population.
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