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ABSTRACT

Objectives To combine spontaneously reported data from
multiple countries to estimate reporting rate, and better
understand risk factors for myocarditis and pericarditis
following COVID-19 messenger RNA (mRNA) vaccines.
Design Systematic review of spontaneously reported data
from UK, USA and European Union/European Economic
Area (EU/EEA) and of the scientific literature.

Data sources UK Yellow Card scheme, Vaccine Adverse
Event Reporting System (VAERS), EudraVigilance were
searched from date of vaccine launch to 14 March 2022—
16 March 2022. PubMed/MEDLINE and Embase were
searched to 15 March 2022.

Eligibility criteria We included publicly available
spontaneous reporting data for ‘Myocarditis’ and
‘Pericarditis’ from UK, USA and EU/EEA following COVID-19
mRNA vaccines. Pharmacoepidemiological observational
studies investigating myocarditis/pericarditis following
mRNA COVID-19 vaccines were included (no restrictions
on language or date). Critical Appraisal Skills Programme
tools assessed study quality.

Data extraction and synthesis Two researchers
extracted data. Events of myocarditis and pericarditis
were presented for each data source, stratified by
vaccine, age, sex and dose (where available). Reporting
rates were calculated for myocarditis and pericarditis for
each population. For published pharmacoepidemiological
studies, design, participant characteristics, and study
results were tabulated.

Results Overall, 18 204 myocarditis and pericarditis
events were submitted to the UK, USA and EU/EEA
regulators during the study period. Males represented
62.24% (n=11331) of myocarditis and pericarditis
reports. In the UK and USA, most reports concerned
vaccinees aged <40 years (59.7% and 47.3% of reported
events, respectively); trends in age were less clear for
EU/EEA. Reports were more frequent following a second
dose (47.1% of reports, where data available). Reporting
rates were consistent between the data sources. Thirty-
two pharmacoepidemiological studies were included;
results were consistent with our spontaneous report
analyses.

! Saad Shakir'?

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This is the first study to bring together spontaneous-
ly reported data from the UK, USA and Europe on
myocarditis and pericarditis following messenger
RNA (mRNA) COVID-19 vaccines.

= Results from this study provide evidence on the
frequency of reported events of myocarditis and
pericarditis following mRNA vaccines in different
age groups, and by sex and vaccine dose; analyses
of spontaneous reports were consolidated with re-
sults of published literature, identified by systematic
review.

= Results may have been influenced by biases includ-
ing different vaccination policies in each region ex-
amined, and publicity on events of myocarditis and
pericarditis following mRNA vaccines.

= The study relied on outputs from spontaneous re-
porting systems in which the level of detail differed
between the systems examined; furthermore, it
is not possible to estimate incidence rates using
spontaneous reports due to the lack of data on the
exposed population, and there is no unvaccinated
comparison group.

= There is an urgent need for further pharmacoepide-
miological studies to be conducted to provide more
accurate estimates of the frequency, clinical course,
long-term outcome, effects of treatment and impact
on quality of life, to address many of the limitations
of spontaneous reporting.

Conclusions Younger vaccinees more frequently report
myocarditis and pericarditis following mRNA COVID-19
vaccines than older vaccinees. Results from published
literature supported the results of our analyses.

INTRODUCTION

Messenger RNA (mRNA)-based vaccines have
been extensively used worldwide in the fight
against COVID-19 that continues to pose a
threat, with many countries initiating booster
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campaigns, yet these are the first in their class of vaccines
to be approved for use, and as such continued monitoring
of their safety is required. In the 15 months since first
approval mRNA-based vaccines have had several adverse
reactions documented, including myocarditis and peri-
carditis. Signals of myocarditis and pericarditis were first
identified in Israel where there had been 148 cases of
myocarditis reported within 30 days of vaccination, with
the majority of these cases (n=121) reported after the
second dose." Since the emergence of this signal, multiple
countries have reported myocarditis and pericarditis
following mRNA COVID-19 vaccines® and these events
have been listed in the product information for both
Pfizer-BioNTech (Comirnaty) and Moderna (Spikevax)
mRNA COVID-19 vaccines.”™ The identification of this
safety signal early in the vaccination programme indi-
cated that young males were at higher risk of developing
myocarditis or pericarditis, particularly after the second
dose of either mRNA-based COVID-19 vaccine.” '
Myocarditis and pericarditis events following COVID-19
mRNA vaccines occur very rarely at a frequency of 10-20
events per 100000," '* and the clinical course is typically
mild with most cases making a full recovery."”

Vaccination programmes around the world have
differed in their roll-out and vaccine type used, with a
general pattern that those most at risk of severe COVID-19
complications were prioritised for vaccination, followed
by healthy adults and then children; in all these groups
mRNA vaccines have been approved and used alongside
adenovirus vector vaccines and inactivated virus vaccines
around the world.*? '* ' Waves of COVID-19 infections
in different countries also altered the speed of vaccine
roll-out and the time interval between vaccine doses,
thus interpretation of the data from several countries
may reveal risk factors for myocarditis and pericarditis
following exposure to COVID-19 mRNA vaccines. Here,
we collate spontaneous reports of myocarditis and peri-
carditis following COVID-19 vaccination, with a system-
atic review of the literature, to capture and interpret the
evidence to date.

METHODS

Data sources

The data sources were spontaneous reporting system
outputs of the UK Yellow Card scheme, the US Vaccine
Adverse Event Reporting System (VAERS) via the
Centers for Disease Control and Prevention (CDC)
Wonder online tool, and the European Union/Euro-
pean Economic Area (EU/EEA) EudraVigilance system
were used to estimate the frequency of reported cases of
myocarditis and pericarditis following COVID-19 Vaccine
Pfizer/BioNTech (Comirnaty) and COVID-19 Vaccine
Moderna (Spikevax)."®* These systems collect unsolic-
ited suspected adverse events to vaccines and medica-
tions from healthcare professionals and consumers. The
process of spontaneous reporting requires suspected
association with the mRNA vaccine to the event by the

reporting individual. For reports following an mRNA
COVID-19 vaccine, all reports coded ‘myocarditis’ and
‘pericarditis’ which had been spontaneously reported to
these systems between the date of vaccine launch and
the datalock point were counted. Cases were stratified
by age, sex and vaccine dose where these data were
available.

The datalock point (defined as the date that searches
were ran in the database) was 14 March 2022 for VAERS
and EudraVigilance, and 16 March 2022 for the Yellow
Card scheme. Data from the Yellow Card scheme are
released weekly, with data up to 16 March 2022 the closest
release to 14 March 2022 datalock point used for VAERS
and EudraVigilance.

The number of vaccinated individuals per vaccine
brand in the UK, USA and EU/EEA were obtained from
the websites of the MHRA, the CDC in the USA, and the
European Centre for Disease Prevention and Control up
to the date closest to the datalock point for ADR sponta-
neous reports.11 212 Reporting rates of myocarditis and
pericarditis per million vaccines administered were calcu-
lated for those who had received at least one dose of each
vaccine brand.

Literature review

A systematic literature review was conducted using
PubMed/Medline and Embase literature databases. No
review protocol was prepared.

The datalock point was 15 March 2022. Studies were
included if they were observational in design (excluding
case reports and case series), and involved at least one
patient who experienced myocarditis, pericarditis or
myopericarditis following any mRNA COVID-19 vaccine
(any case definition was accepted). Preprint manuscripts
were included if no peer-reviewed version was available.
Studies of other designs and studies investigating other
vaccines were excluded. Studies investigating cardiac
effects of SARS-CoV-2 infection were excluded. No restric-
tions on language or date were applied.

The search terms used were:

(myocarditis OR pericarditis OR myopericarditis) AND
(COVID-19) AND (vaccine)

Data were extracted for study design, study period,
vaccine of interest, population, number of cases of myocar-
ditis or pericarditis, and where specified the percentage
of cases who were male, age, and the vaccine dose after
which the event occurred. Two reviewers extracted data.
These data were tabulated.

Study quality was assessed by two reviewers, using the
relevant Critical Appraisal Skills Programme (CASP)
tool.” Each checklist covers a different study design and
contains a series of questions to allow systematic appraisal
of the validity, results and usefulness of results of each
publication. All publications were evaluated using the
appropriate CASP checklist, and all were deemed accept-
able for inclusion in this systematic review.
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[ Identification of studies via databases and registers ]
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Records removed before screening:
Duplicate records removed (n = 216)
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[

Records excluded (not relevant)
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(n=9)
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!
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Screening

Reports excluded

«Case report/ case series (n = 191)
«Animal/ in vitro study (n = 4)

«Clinical trial (n = 1)

*Review/ systematic review/ meta-analysis/
pooled analysis/ benefit/risk analysis with no
primary data (n = 122)

*No case data presented (n = 50)
Correction/ addendum notification (n = 6)
Paper withdrawn (n = 1)

*Scored poorly on quality assessment (n =)

Studies included in review
(n=32)

[ Included ] [

Figure 1 Flow chart detailing inclusion of studies for
systematic review literature searches were carried out in
PubMed/MEDLINE and simultaneously in Embase. The
identified records were deduplicated prior to screening to
remove duplicate publications. Records were then screened
to remove literature that did not meet the search criteria and
eligibility was assessed prior to inclusion into the literature
review.

Patient and public involvement
Patients and the public were not consulted during this
study.

RESULTS

Systematic review of the literature identified 32 observational

studies

In order to collate information specific to address the issue
identification of characteristics of myocarditis and peri-
carditis following COIVD-19 mRNA vaccines a detailed
review of the literature was carried out, using the search
terms specified in the materials of methods (section 2.1).
Initially 702 records were identified, following dedupli-
cation, assessment for eligibility and quality 32 studies
were included in our analysis (figure 1). The information
extracted in these studies has been assessed alongside the
evidence from spontaneous reporting systems, below.

Myocarditis and pericarditis occur very rarely following
COVID-19 mRNA vaccines

Overall, across the three spontaneous reporting databases
examined covering the UK, USA and EU/EEA popula-
tions, there were a total of 18204 events of myocarditis
and pericarditis submitted to the regulators.

From the UK’s MHRA Yellow Card scheme, 1260
reports were following Comirnaty administration, and
325 reports were following Spikevax (table 1; figure 2A).
As of 16 March 2022, it was estimated that 26.2million
first doses and 23.6million second doses of Comirnaty
had been administered in the UK.'! Therefore, there
were approximately 48.09 cases of myocarditis and peri-
carditis per million vaccinees who had received at least
one dose of Comirnaty (figure 2B). To the same date,
approximately 1.6million first doses and 1.5million
second doses of Spikevax had also been administered."
Of those who had received at least one dose of Spikevax
in the UK, 203.13 cases of myocarditis and pericarditis
had been reported per million vaccinated (figure 2B).

The US VAERS system contains 2986 reported events
following Comirnaty and 1640 events following Spikevax

Table 1 Reports of myocarditis and pericarditis submitted to Yellow Card scheme, by age and sex Datalock point 16 March
2022
Comirnaty Spikevax Total
n % n % n %
Age group (years)
<18 years 70 5.68 0 0.00 70 4.50
18-29 years 372 30.19 114 35.19 486 31.23
30-39 years 299 24.27 92 28.40 391 25.13
40-49 years 137 11.12 48 14.81 185 11.89
50-59 years 92 7.47 22 6.79 114 7.33
60+ years 146 11.85 15 4.63 161 10.35
Age not specified 144 11.69 34 10.49 178 11.44
Sex
Female 492 39.94 109 33.64 601 38.62
Male 731 59.33 206 63.58 937 60.22
Sex not specified 37 3.00 10 3.09 47 3.02
Total 1260 100.00 325 100.00 1585 100.00
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Figure 2 Event counts and reporting rates of myocarditis

and pericarditis in the UK, US and EU. (A) Events of
myocarditis and pericarditis reported to the yellow card
scheme (UK), Vaccine Adverse Event Reporting System
(VAERS; US) and EudraVigilance (EU) reporting systems
following any dose of COVID-19 mRNA vaccines separated
by vaccine manufacturer combined to give total counts. (B)
Reporting rates of myocarditis and pericarditis following
any dose of COVID-19 mRNA vaccine separated by vaccine
manufacturer and reporting region. EU, European Union;
mRNA, messenger RNA .

(table 2; figure 2A). In the USA, there had been
124.12million vaccinees who had been fully vaccinated
with Comirnaty®' giving a reporting rate of 14.70 cases
of myocarditis and 9.36 cases of pericarditis per million
fully vaccinated individuals, combined to 12.03 cases of
myocarditis and pericarditis per million fully vaccinated
with Comirnaty (figure 2B). There had been 75.57 million
people fully vaccinated with Spikevax,?' therefore, there
were 12.35 cases of myocarditis reported per million fully
vaccinated Spikevax recipients and 9.36 cases of peri-
carditis per million fully vaccinated Spikevax recipients,
combined giving a reporting rate of both myocarditis
and pericarditis as 10.86 per million Spikevax vaccinees
(figure 2B).

The EudraVigilance database contained the highest
total reports of events with 9211 events reported following
Comirnaty and 2786 following Spikevax (table 3;
figure 2A). There had been approximately 296.05 million
vaccinees who had received at least one dose of Comir-
naty in the EU/EEA.* Therefore, the reporting rates
were calculated as 14.50 reports of myocarditis and 16.61
reports of pericarditis per million Comirnaty recipi-
ents, giving a combined reporting rate of 15.56 cases
of myocarditis and pericarditis per million people who
received at least one dose of Comirnaty (figure 2B). For
Spikevax, there had been approximately 46.56 million
first doses of Spikevax administered in the EU and EEA.*
Thus, reporting rates in the EU/EEA are currently 28.01
reports of myocarditis and 31.83 reports of pericarditis
per million vaccinees, giving a combined reporting rate
of 29.92 per million Spikevax recipients (figure 2B).

In total, there were 13573 events of myocarditis and/or
pericarditis reported in the observational studies identi-
fied by systematic review of the literature.

While reporting rates for myocarditis and pericar-
ditis have differed between the spontaneous reporting

databases, overall, they demonstrate that these events are
very rare (defined as occurring at a rate of <1 in 10 000).**

Fatalities following myocarditis and pericarditis after
COVID-19 mRNA vaccines

There have been cases of myocarditis and pericarditis
with a fatal outcome reported to spontaneous reporting
systems and in the literature. There were four fatalities in
the UK (0.25% of all spontaneous reports), 62 in the USA
(1.3% of all reports) and 56 in the EU/EEA (0.6% of all
reports). Where age of fatal cases was reported (EudraV-
igilance and VAERS databases only), 85.83% (n=103) of
fatal cases overall were aged 18 years or older. Five cases
(4.17%) were aged under 18 years; all were myocarditis
events (6.41% of all fatal myocarditis events reported).
Ten per cent of fatal cases had age unspecified. All fatal
cases of pericarditis reported to EudraVigilance and
VAERS were aged 18 years or older.

Fatal cases were reported in five of the 32 included
studies identified by systematic literature review
(table 4).”* Overall, 0.22% (n=30) of 13571 myocar-
ditis or pericarditis events reported in the literature had
a fatal outcome (range 0.41%-45.85%; table 4). Charac-
teristics of fatal cases were specified in one study.* In this
study, results indicated that fatal cases of myocarditis and
pericarditis occurred in the adult population. There were
15 fatal myocarditis events (median age 60 (IQR 56-78)
years), b fatal pericarditis events (median age 71 (IQR
67-77) years) and 2 fatal myopericarditis events (aged 55
and 83 years).

Young males are more likely to suffer myocarditis and
pericarditis following COVID-19 mRNA vaccination
To confirm the early evidence that young males were
most susceptible to the adverse reaction of myocarditis
and pericarditis,1 we compared spontaneous reporting
and the literature up until 16 March 2022 to determine
whether this signal has been maintained since initially
identified. Of the myocarditis and pericarditis events
reported to the Yellow Card scheme, 60.92% were from
males with a trend towards increased frequency in
younger age groups (table 1; figure 3A). This trend of
more frequent reporting from males was similar across
the three regions assessed, with 72.92% in the USA and
60.75% in the EU/EEA (figure 3A), as well as similar
reporting trends between the vaccine types (figure 3B).
Most reports of myocarditis in the USA were from
vaccinees aged 18-39 years (n=1303, 47.3% of 2757
reports), while in the EU 79.2% (n=4431) of reports of
myocarditis where from people aged 18-64 years (table 3).
In the USA, 59.39% of pericarditis events were reported
from males (table 2) and the age distribution of those
who reported pericarditis was wide, covering many age
categories (table 2). In the EU, 50.43% of the reported
pericarditis events occurred in males (table 3). The
trend in age was less distinct, with children (3-11 years)
and the elderly (aged older than 85 years) populations
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Table 2 Continued

Pericarditis
Male

Myocarditis

Male
n

Sex not specified Total

Female

Sex not specified Total

Female

% % % %

%

%

%

%

Age group

24.61

460
292
250
241

0.00
4.35
0.00
0.00
4.35

0

1

15.35
15.76
18.61
16.98
10.05
13.99
2.72

3.26

113

31.26
15.77
10.18

32.25 347

889
414
240

3.57
3.57
0.00
1.79
3.57
3.57
0.00

2
2
0

1

23.61

166
120

36.09

721
292

18-29 years
30-39 years

15.62
13.38
12.89
6.37

116

175

113

15.02
8.71
6.38
2.72
5.40
0.65
6.96

17.07
15.65
13.23
6.40
9.39
1.14

3.84

14.61
6.51
4.10
1.40
4.05
0.50

6.11

0
0

1

137
125
74

110
93
45

130
82
28
81

40-49 years

10.45
3.96

116

44

176
75

50-59 years

119

60-64 years

12.20
2.03
3.69

228
38
69

17.39
0.00

4

1083
20

10.90
1.62
2.61

121
18
29

149
18

66

65-79 years
80+ years

10

69.57

16

24

43 76.79 192

56
56

27

122

Not specified

Total
Grand total

100.00

1869
1869

100.00
1.23

2757 100.00 1110 100.00 736 100.00 23
736 39.38

2757

100.00
2.03

100.00
25.50

703
703

100.00

1998

23 100.00

1110  59.39

100.00

1998 72.47

Percentages per age group are presented.

mRNA, messenger RNA.

accounting for 35.7% and 43.97% of reported cases,
respectively (table 3).

Analysis of the literature determined that on average
60.31% of myocarditis and/or pericarditis events
following COVID-19 mRNA vaccines occurred in males
(range 50.00%-100.00%). Results of these studies indi-
cate that the incidence for myocarditis and pericarditis
was higher for males than for females. Due to differences
in study design it was not possible to determine the age
group most susceptible to myocarditis and pericarditis
from the literature as some studies were focused on adults
only or children only meaning appropriate comparisons
could not be carried out.

Most myocarditis and pericarditis events are reported
following the second mRNA vaccine dose

Analysis of data following booster programme roll out has
enabled detailed analysis into the frequency of reports
following each dose of a COVID-19 mRNA vaccine. Data
for the USA are stratified by dose and demonstrates that
the majority of reported myocarditis and pericarditis
events occurred following the second dose (figure 4A,B).
For Comirnaty, of the total 1824 myocarditis events
reported to VAERS, 956 (52.41%) followed the second
dose, while 383 (21.00%) were reported after a single
dose of the vaccine (table 5). Similarly, 45.78% of peri-
carditis events were reported to VAERS following two
doses of Comirnaty (n=532 of 1162 reported events where
vaccine dose was specified; table 5). For Spikevax, 384 of
933 (41.16%) reported events of myocarditis and 305 of
the 707 (43.14%) reported events of pericarditis occurred
following two doses of the vaccine (table 6). Approx-
imately 10% of myocarditis and pericarditis events had
been reported following a third dose for both vaccines up
to 14 March 2022 (tables 5 and 6).

This data are in agreement with other studies where
64.72% (range 25.00% and 91.78%) of myocarditis and
pericarditis events occurred following the second vaccine
dose (table 4).

DISCUSSION

There have been a small number of reports of myocarditis
and pericarditis following exposure to mRNA COVID-19
vaccines in each database examined, considering the
number of people who have received a COVID-19 vaccine
in each region. In all spontaneous reporting systems and
for both mRNA vaccines, the reporting rate of myocar-
ditis was higher than that of pericarditis. This may be
true, or it may also reflect that the diagnosis of myocar-
ditis is relatively more straightforward. In the UK and
EU/EEA, reporting rates of myocarditis and pericarditis
were higher following Spikevax compared with those for
Comirnaty. However, this was not observed for the USA.
A full dose of Spikevax used for first and second doses
contains 100 pg of mRNA nucleotides, whereas a full dose
of Comirnaty contains 30 pg of the mRNA material.*
This is one possible reason for the higher reporting rate
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Figure 3 Mpyocarditis and pericarditis reports separated by
gender. (A) Percentage of males and females experiencing
myocarditis and pericarditis reported to each reporting
system (Yellow Card, Vaccine Adverse Event Reporting
System (VAERS) and EudraVigilance). Bars represent the total
of all myocarditis and pericarditis reports to each system,
separated by gender, where bars do not meet 100% indicates
reports where gender was not specified. Values indicate the
percentage of males experiencing these events. (B) Reports
in each region were stratified by vaccine manufacturer as well
as gender experiencing these events. Stacked bars represent
the total number of reports, where gender was specified,
from each region for each vaccine type. Values depict the
percentage of males that experienced these events.

of myocarditis and pericarditis observed for Spikevax in
the UK population. A half-dose of Spikevax is used for
booster vaccination doses; this still contains more genetic
material than Comirnaty. Therefore, it will become
increasingly important as more people receive third and
subsequent booster doses of mRNA COVID-19 vaccines
to monitor the frequency and severity of myocarditis and
pericarditis following exposure to these vaccines.

The UK had the highest reporting rate for both myocar-
ditis and pericarditis following mRNA vaccines, particu-
larly for events following Spikevax. Reporting rates from
the UK showed higher variability compared with those of
the USA and EU/EEA; reporting rates were higher for
myocarditis and pericarditis following Spikevax in the
UK, compared with EU/EEA and USA reporting rates
and incidence reported in the literature. This variability is
potentially due to the fact that the UK MHRA Yellow Card
scheme had the lowest number of spontaneous reports
(figure 1A) as well as the lowest vaccination coverage for
Spikevax leading to uncertainty and variability. Analysis
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Figure 4 Myocarditis and pericarditis events following
COVID-19 mRNA vaccination separated by dose data from
the Vaccine Adverse Event Reporting System (VAERS; US)
reporting system was separated by reaction type; myocarditis
(A) and pericarditis (B), vaccine manufacturer and by dose
received. stacked bars represent the male and female reports
of each condition according to the dose received.
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of multiple sources was thus essential to provide accurate
reporting rates. It is possible that the UK and EU/EEA
have stronger spontaneous reporting systems compared
with the USA, which may explain the higher reporting
rates observed for this population. The frequency of
events noted by regulators, the WHO, and in the vaccines’
summaries of product characteristics (SmPC) suggest
that myocarditis and pericarditis are very rare, occurrin
in less than 1 in 10000 vaccine doses administered.?®” " !!
Our calculated reporting rates for myocarditis and peri-
carditis following mRNA vaccines in each of the UK,
USA and EU/EEA were consistent with this. However,
under-reporting of the events to regulators is possible,
therefore, it may be that the events of myocarditis and
pericarditis are ‘rare’ events (more frequent than 1/10
000) rather than ‘very rare’ (less frequent than 1/10
000) events as suggested. Conversely greater reporting
may have occurred due to the public interest in adverse
reactions linked with COVID-19 vaccines, thus, analysis of
multiple data sources was used here to overcome these
potential limitations. In October 2021, the Pharmacovig-
ilance Risk Assessment Committee of the European
Medicines Agency announced a plan to review the risk of
myocarditis and pericarditis following mRNA vaccines.”
Itis therefore possible that updates to the vaccines’ SmPC
will be required once this review is complete.

When examining the demographics of vaccinees
who had reported myocarditis or pericarditis following
mRNA vaccines, both events appear to more commonly
affect males compared with females, particularly among
vaccinees of younger age categories (tables 2, 3, 5 and
6). This is consistent with early reports surrounding these
events, where it was suggested that younger males appear
at higher risk of myocarditis and pericarditis following
mRNA vaccines." Demographic data were available for
VAERS and FudraVigilance populations separated by
myocarditis and pericarditis; in these databases results
were similar with more than 70% of myocarditis and more
than 50% of pericarditis events reported in males (tables 2
and 3). These results are consistent with results of phar-
macoepidemiological studies in the published literature;
in the studies where sex was reported, more than 60%
of patients were male (table 7).”"™® This is an interesting
finding, as it has been previously suggested that over 70%
of reports to VAERS involve females.” It is possible that
the event was missed or misclassification occurred in
older adults, particularly in older individuals in the three
populations of interest who were vaccinated prior to the
signal emerging. It is also possible that some of the symp-
toms of myocarditis and pericarditis, for example, chest
pain and breathlessness, were attributed to other cardio-
respiratory conditions in older people. Nonetheless, it is
known that most cases of myocarditis (any cause) occur
in young adults, with males more commonly affected
than females; this supports the results observed in this
study.”” *® Alternatively, vaccine roll-out in each of the
regions may have affected the results observed in some of
the countries, including availability of different vaccines

and corresponding age distributions of those receiving
each vaccine in different regions; for instance, in the UK,
mRNA vaccines were more frequently used in younger
age groups, while older vaccinees may have been more
likely to receive an adenovirus vector vaccine.

We appreciate that there will be regional differences in
COVID-19 strains as well as endemic viruses circulating in
the populations, and these may have been the underlying
cause of myocarditis and pericarditis in the reporting
populations examined. However, it is not possible to iden-
tify or quantify these in spontaneously reported data. In
order to overcome these differences, we have analysed
data from three different spontaneous reporting systems
and worldwide data from the literature to identify trends
in this very rare event. As this is a very rare event with
small numbers of people affected, it is important to bring
together data from around the world to identify trends
that may not be seen within one population. Further anal-
ysis is required in discrete populations, if appropriate,
to better stratify patients, aiding classification of groups
according to risk factors for adverse events following
vaccination.

Data on vaccine dose were only available from the
VAERS database. Most cases reported to VAERS followed
a second dose of vaccine (tables 5 and 6). This is consis-
tent with the early signal which emerged in Israel, where
121 of the 148 reported cases of myocarditis occurred
around the time of the second dose of COVID-19 vaccine.'
Furthermore, similar results were observed by Hajjo et al,
who found only a very small number of events occurring
after a third dose in their analysis of VAERS data.™

Pharmacoepidemiological studies identified by system-
atic review (table 7) were consistent with results found
in spontaneously data from VAERS and EudraVigilance
(tables 2, 3, 5 and 6). Young males more frequently
reported myocarditis in each of these studies and found in
our analysis of spontaneous reporting data. Furthermore,
reports were more frequent following a second dose of
mRNA vaccine, although time intervals between doses was
not specified and may also differ between regions. There-
fore, incorporation of the evidence on dosing effects
from the VAERS system and the literature indicated that
following the second dose was when the most myocarditis
and pericarditis events occurred. Continuous monitoring
of this will be required, especially following subsequent
doses of mRNA vaccines.

Myocarditis has been observed historically following
vaccination, including after smallpox, influenza and
hepatitis B vaccines; prior to COVID-19 0.1% of reports
to VAERS between 1990 and 2018 had been in relation
to myopericarditis."> Furthermore, myocarditis is known
to occur after a range of viral infections, including coro-
naviruses which cause Middle East respiratory syndrome
and COVID-19, with viral infection the most common
cause of myocarditis.*”** This study provides evidence
that younger vaccinees more frequently report myocar-
ditis and pericarditis following mRNA COVID-19
vaccines compared with older vaccinees, and reports
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are more frequent following the second dose. Results
were consistent between each of the three data sources
used. This is an important finding, because as vaccina-
tion programmes around the world progress, rates of
myocarditis and pericarditis are likely to increase. The
effect of booster vaccinations with mRNA COVID-19
vaccines on the development of myocarditis and pericar-
ditis is largely unknown. Furthermore, mRNA COVID-19
vaccines (particularly Spikevax) are being supplied to
the COVAX initiative for distribution throughout low-
income and middle-income countries, where diagnostic
imaging and access to healthcare is more difficult.* **
Regulatory authorities should continue to monitor the
effects that mRNA vaccination might have on the heart
in the populations for which they are responsible. The
proportions of young people are higher in low-income
and middle-income countries’ populations compared
with high income countries. Issuing diagnostic criteria
and treatment protocols for myocarditis and pericarditis
with mRNA COVID-19 vaccines that take into consider-
ation the capabilities of the local healthcare system are
also important.

Overall: 2.13 (95% CI 1.56 to

Incidence (95% CI)
2.70) per 100000

Risk/Rate Ratio
NC

Age of cases Vaccine dose (RR) (95% Cl)
one dose NC
64% followed NC
second dose

=27
(range 12-55)

(21-35) years
years

Median
(IQR)
Myocarditis
median 23

LIMITATIONS

Vaccination policies in the three regions may have
biased the results towards a higher number of adverse
events reports myocarditis and pericarditis from younger
vaccinees compared with older vaccinees. In each of
these regions, younger people were more likely to have
received mRNA vaccines, which may have contributed
to higher reporting rates of myocarditis and pericarditis
in younger vaccinees. The frequency of reported events
per age group was presented as a crude number, and
reporting rates could only be calculated as an overall esti-
mate rather than stratified by age; based on the data avail-
able for vaccinations administered, it was not possible to
determine the proportion of all vaccinees per age group
who reported an event of myocarditis or pericarditis. This
is very important, because it is likely that the reporting
rate of myocarditis and pericarditis with mRNA COVID-19
vaccines will be higher in young people and even higher
in young men if the reporting rates are stratified by
age and sex. The regulatory authorities and marketing
authorisations holders need to follow up reports of these
conditions with reporters to obtain as much information
and make this information available publicly. Myocarditis
and pericarditis following mRNA COVID-19 vaccines is
an area which requires further research.

The data sources for this study were spontaneous
reporting systems of the UK, US, and EEA. All sponta-
neous reporting systems have well-known limitations
including missing information, and reporting bias caused
by publicity surrounding a particular adverse event.*
Misclassification of myocarditis and pericarditis, or
differing definitions of these events between the regions
analysed, is also possible particularly before these events
attracted publicity or among older age groups. The

Percentage of

Diagnostic cases who were
male

criteria

94%
82.40%

34 (pericarditis,

myocarditis, or

54 (myocarditis)
concomitant

No. cases in
exposed to
mRNA vaccine
pericarditis and
myocarditis)

n
n

patients aged
16 years or

Clalit Health
older

Population
Services,
electronic
health
records for
Singapore

Comirnaty
mRNA
vaccines

Vaccine
2021 -July COVID

after dose 1
January

Study
period
42 days

based cohort
vaccine safety 2021
committee

study
Reports to
Singapore’s

Population-
NC, not calculated; RR, Risk or Rate Ratio.

and citation Study design

First author
Witberg™®

Table 7 Continued

Yap'
aOR, adjusted OR;

32
33
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definition and diagnosis of ‘myocarditis’ and ‘pericar-
ditis’ are based on the reporters’ statements, and are not
usually validated by the regulatory authority receiving the
report. Underreporting is a major limitation of spon-
taneous reporting; even with the intense publicity and
global attention on COVID-19 vaccine safety, it is possible
that notall cases are reported to regulatory authorities. ***’
Furthermore, a report to spontaneous reporting systems
indicates suspicion that the event was associated with the
vaccine, it does not confirm that the vaccine caused the
event."" * Further assessment is required to determine
causality for each report. Finally, it is not possible to esti-
mate incidence rates using spontaneous reports, and
there is no unvaccinated comparison group.*’

Using publicly available data introduced some chal-
lenges, as the level of detail available was limited and
varied between data sources. Data on the vaccine dose on
which the reported events of myocarditis and pericarditis
occurred were only available for the US VAERS popula-
tion. Information contained within individual reports is
not routinely made available, however, these comprise
important clinical information that would allow better
understanding of each case. Such details should be made
publicly available. Better transparency is needed to allow
more robust research using spontaneous reporting to be
undertaken.

Due to the limited published research into myocarditis
and pericarditis following mRNA COVID-19 vaccines,
we included all pharmacoepidemiological study designs
(except case reports and case series) and considered all
study populations and all study periods for inclusion.
The purpose of systematically reviewing the literature
was to determine whether results from our analyses of
spontaneous reports were consistent with other evidence
currently available. Due to the short time period since
vaccine programmes were initiated and the heteroge-
neous nature (regional differences, age, sex and disease
status of participants) of the included studies, no pooling
of data, syntheses or meta-analyses could be completed.
It should be noted that there were no formal assess-
ments of publication bias during the systematic literature
review. However, a CASP checklist was completed for
each included study, which deemed the research to be of
sufficient quality for inclusion. Nonetheless, each study
had limitations which should be considered when inter-
preting their results. The possibility of publication bias
was not formally analysed.

Further pharmacoepidemiological studies are urgently
needed to address many of the limitations of spontaneous
reporting in understanding myocarditis and pericarditis
following mRNA COVID-19 vaccines including more
accurate estimates of the frequency, better understanding
of the clinical course and the effects of these events on
quality of life. It is also important to compare the inci-
dence and characteristics of these events with recipients
of other non-mRNA COVID-19 vaccines and unvacci-
nated people. However, these studies will take time to be
conducted.

CONCLUSIONS

This study adds to existing evidence that younger
vaccinees more frequently report myocarditis and peri-
carditis following mRNA COVID-19 vaccines compared
with older vaccinees, and reports are more frequent
following the second dose. These events are very rare or
possibly rare according to the estimated reporting rates
from spontaneous adverse reactions. The events were
more frequently reported among males, and most reports
came from vaccinees aged under 30 years. The clinical
course of these events is typically mild, with full recovery
in most cases.

The study brings together spontaneously reported
adverse event data from three regions. Consistencies in
the reporting rates and trends of myocarditis and peri-
carditis within the three data sources used suggest that
results may be generalisable to other populations in
which mRNA vaccines are used. However, limitations of
the data sources used and biases which may have affected
results should be considered. It is important that regula-
tory authorities continue to monitor the effects of mRNA
vaccines on the heart, particularly as vaccine programmes
progress to include younger vaccinees in many parts of
the world. Myocarditis and pericarditis following mRNA
COVID-19 vaccines is an area which requires further
research, especially in children and adolescents and
following third and subsequent (booster) doses. Phar-
macoepidemiological studies are urgently needed to
address many of the limitations of spontaneous reporting
in understanding myocarditis and pericarditis following
mRNA COVID-19 vaccines including more accurate esti-
mates of frequency, a better understanding of the clin-
ical course and the effects on quality of life. However,
they will take time to be conducted. We believe that the
data we describe here will enhance the understanding of
these conditions and help with identification of potential
sources of mechanisms of vaccine-associated myocarditis
and pericarditis by identifying which populations are most
likely to suffer these adverse events following COVID-19
mRNA vaccination.
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