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Abstract

Objectives: This systematic review and meta-analysis aimed to
comprehensively compare the risk of myocarditis associated with two mRNA
COVID-19 vaccines: Pfizer (BNT162b2) and Moderna (mRNA-1273).

Methods: Under the PRISMA guidelines, this review incorporated
observational cohort studies and case series that compared the risk of
myocarditis in individuals who received either the Pfizer (BNT162b2) or
Moderna (mRNA-1273) vaccines. The studies were discovered through a
systematic exploration of PubMed, EMBASE, and Web of Science. The data
extraction concentrated on the incidence of myocarditis, demographic details,
type of vaccine, and dosage count. A random-effects model was used to
conduct the meta-analysis. The JBI critical appraisal tools were used to
evaluate the risk of bias.

Results: A total of nine studies were identified that fulfilled the selection
criteria, which included four cohort studies and five case series. These studies
collectively analyzed data from 294,731,021 doses of the Moderna vaccine
and 426,526,128 doses of the Pfizer vaccine. The aggregated risk ratio (RR)
for myocarditis was 1.62 (95% CI: 1.02, 2.56) when comparing Moderna to
Pfizer. Furthermore, a subgroup analysis based on the first and second doses
revealed varying risk levels. For the first dose, the RR was 1.14 (95% CI:
0.79, 1.64) for myocarditis in individuals who received the Moderna vaccine
compared to those who received the Pfizer vaccine. For the second dose, the
RR increased to 1.69 (95% CI: 0.79, 3.59).

Conclusion: Myocarditis following mRNA COVID-19 vaccination was
infrequent, with a very slight increased risk observed in Moderna recipients
compared to Pfizer. These findings suggested the use of mRNA COVID-19
vaccines in all eligible individuals as suggested by CDC and WHO previously.

Keywords: mRNA COVID-19 vaccines, myocarditis risk, cardiac side effects, post-
vaccination side effects, vaccine safety

Introduction

The emergence of the SARS-CoV-2 pandemic instigated the progression and
implementation of vaccines. mRNA-based vaccines, notably Pfizer's BNT162b2 and
Moderna's mRNA-1273, have played a crucial role in mitigating the transmission of
COVID-19 [1,2]. However, post-marketing surveillance and subsequent research
have raised concerns regarding rare cardiac side effects, notably myocarditis,
associated with these vaccines [3].
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In the medical history, myocarditis has been identified as an infrequent complication associated
with diverse vaccines and viral infections, inclusive of COVID-19. The condition involves
inflammation of the heart muscle and can manifest with a spectrum of symptoms ranging from mild
to severe cardiac dysfunction [4]. The introduction of mRNA COVID-19 vaccines brought
myocarditis into focus due to reported post-vaccination cases.

Initial studies highlighted a higher incidence of myocarditis following COVID-19 vaccination
compared to unvaccinated individuals [5,6]. A higher incidence of myopericarditis among
adolescents was seen following mRNA COVID-19 vaccination but with a very low overall incidence
rate [7,8]. The research trajectory saw a significant emphasis on comparing the myocarditis risk
between the two prominent mRNA vaccines. Essential findings were found in this regard, showing
that myocarditis cases were more frequent in individuals vaccinated with mRNA-1273 compared to
BNT162b2 [9]. Further study indicated more than 2 times higher odds of developing
myocarditis/pericarditis with mRNA-1273 compared to BNT162b2, especially among younger males
[10].

Despite these findings, it is crucial to contextualize the absolute risk of myocarditis to the broader
benefits of COVID-19 vaccination. The rarity of myopericarditis post-vaccination has been
underscored, emphasizing that the benefits of vaccination in preventing severe COVID-19 far
outweigh the risks of rare adverse events [11,12]. Furthermore, the incidence of myocarditis
following vaccination is significantly lower than that observed following SARS-CoV-2 infection itself
[13,14]. This systematic review and meta-analysis aim to provide a comprehensive comparison of
the risk of myocarditis between the Moderna and Pfizer mRNA COVID-19 vaccines. It seeks to
address the gaps in understanding the differential risks associated with each vaccine. Through this
review, we aim to contribute to informed decision-making in vaccine administration and policy,
particularly in the context of optimizing vaccine safety and public health strategies.

Methods

This review was conducted according to the PRISMA guidelines [15] (Table S1) and has been
registered in PROSPERO with registration number CRD42023492119. The entire review process
(database search, duplicate removal, abstract screening, full-text screening, tagging, and
synthesis) was conducted using semi-automated Auto Lit software (Nested Knowledge, MN, USA).
It is a software aiding systematic reviews and meta-analysis. Employing nested knowledge
structures, streamlines data extraction and analysis, enhancing efficiency and rigor in evidence
synthesis processes.

Eligibility Criteria

The inclusion of the studies was based on the following inclusion criteria: observational cohort
studies, case-series comparing myocarditis risk among individuals receiving BNT162b2 or mRNA-
1273 COVID-19 vaccines. Exclusion criteria included non-peer-reviewed studies, editorials, and
studies not reporting specific data on myocarditis following Pfizer or Moderna vaccination.

Database Search

A comprehensive and systematic search was conducted across three major databases: PubMed,
EMBASE, and Web of Science. This search encompassed all records available from each database's
inception up to November 20, 2023, with the primary objective of identifying studies relevant to our
research. To ensure the inclusion of the most current literature, the search was updated on
December 13, 2023, allowing for the identification and inclusion of any newly published studies. In
addition to this electronic search, we performed a manual examination of the reference lists from
identified relevant studies, aiming to uncover any eligible article that has not been captured during
an initial electronic database search.

Search Strategy

The search strategy included combinations of the following terms: "Pfizer", "BNT162b2",
"Moderna", "mRNA-1273", "myocarditis", and “inflammatory cardiomyopathy". The complete search
string for each database is available in the supplementary material (Table S1).

Selection Process
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Two independent reviewers screened each record and reported for eligibility. Discrepancies were
resolved through discussion or consultation with a third reviewer. The selection process did not
involve automation tools.

Data Collection Process

Two reviewers independently extracted data on the incidence of myocarditis, demographic
characteristics (age), vaccine types (Pfizer or Moderna), and the number of doses administered
using the tagging function of the Nested-Knowledge software. In case of differences in opinion
between two reviewers, third reviewer was consulted. No automation tools were used.

Study Risk of Bias Assessment

In each study, the risk of bias was evaluated using JBI critical appraisal instruments designed for
cohort studies and case series [16,17]. Two reviewers independently assessed each study, with
disagreements resolved through discussion or a third reviewer.

Effect Measures
The primary effect measure was the risk ratio (RR) for myocarditis associated with each vaccine.
Synthesis Methods

A random-effects model was utilized for the meta-analysis. The assessment of statistical
heterogeneity was carried out with the 12 statistic. Subgroup analyses were performed, focusing on
the first and second doses. The compilation of this data was done using Revman software, version
5.4 and R software.

Publication bias assessment

The assessment of publication bias was done through the use of a funnel plot and the application of
Egger's regression test to detect asymmetry.

Identification of new studies via databases and registers Identification of new studies via other methods
Records identified from: Records removed before screening:
Databases (n=3): Duplicate records (n = 108)

Records identfied from:

c
]
kS
2 Embase (n=1,001) [ Records marked as ineligible by automation G
= PubMed (n = 129) tocls (n=0) Epeifccormencaioningi)
ﬁ Web of Science (n =4) Records removed for other reasens (n =0)
Records screened Records excluded
(n=1026) (n=1,007)
o l i
£ Reports sought for retrieval Reports not retrieved Reports soughtfor retrieval Reports not retrieved
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| Reports assessed for eligibility full t?;zz::f;fms% -1 Reports assessed for eligibility R Reports excluded:

ine 19 Notappropriate data (n = 10) (- U
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=

Figure 1 PRISMA flow diagram showing identification process of included studies

Results

A total of 1,134 articles were identified through database search. After the abstract screening, 108
duplicates were removed and one additional study was included based on
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An expert recommendation. Further screening process led to the exclusion of articles based on
relevance, as judged by their titles and abstracts, and those lacking necessary data in their full
texts. Consequently, 20 articles were selected for full-text review (Figure 1) [18].

Of these 20 articles, 9 studies met our inclusion criteria. Selected studies comprised four cohort
studies and five case series. The systematic review and meta-analysis incorporated 4 observational
studies from the United States [6,19-21], 2 from Colombia [9,10], and 1 each from Denmark [22],
Italy [23], and Canada [24]. These studies utilized diverse data sources, including national health
records and surveillance systems, spanned from December 2020 to March 2022, across age groups
(12-80 years). All studies focused on myocarditis cases following Pfizer and Moderna vaccinations.
The case definition for myocarditis identification and diagnosis are summarized in Table 1. Included
observational studies were assessed using JBI tools for Case series and Cohort studies and
summarized in supplementary tables (table S2a and table S2b).

The analysis shown in Figure 2 integrated data from studies involving 294,731,021 Moderna
vaccine doses (first and second) and 426,526,128 Pfizer doses (first and second). The incidence of
myocarditis was 1,409 for Moderna vaccine doses (first and second) and 2,707 for Pfizer vaccine
doses (first and second) among various studies. Using the Mantel-Haenszel random-effects model,
a pooled risk ratio of 1.62 (95% Confidence Interval [CI]: 1.02, 2.56) was found. Significantly high
heterogeneity (I2 = 98%) and a Z-score for the overall effect of 1.70 (p = 0.09) was observed.
Subgroup analyses were performed to assess differential risk profiles across different vaccine doses
of Pfizer and Moderna. The analysis for the first dose presented in Figure 3, myocarditis events
reported were 222 for Moderna and 347 for Pfizer, corresponding to the respective totals of
777,94453 and 10,930,2450 doses. The pooled RR for this subgroup was 1.14 (95% CI: 0.79,
1.64), with moderate heterogeneity (I2 = 49%) and a Z-score for the overall effect of 0.70 (p =
0.48).

Moderna Pfizer Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, 95% Cl
Abraham et al,, 2022 229 5658322 143 12197093 11.7% 3.45(2.80, 4.29] =
Alami etal,, 2022 488 134415221 929 184091661 11.9% 0.72 [0.64, 0.80] -
Husby et al., 2022 2 109202 48 1004195 10.4% 4.02(2.41,6.72) —
Klein et al., 2021 20 5090780 14 6754348 95% 1.90 [0.96, 3.75] y
Massari et al., 2022 95 456050 346 2405759 11.7% 1.45[1.15,1.82) —
Naveed et al., 2022 (a) 57 3265464 84 6988921 11.3% 1.45[1.04, 2.03] —
Naveed etal., 2022 (b) il 871960 28 2223454 105% 2.82[1.69,4.71) —_—
Osteretal.,, 2022 453 144321612 1075 209779233 11.9% 0.61 [0.55, 0.68] a5
Wong et al., 2022 46 542410 68 1080464 11.1% 1.35[0.93, 1.986] T
Total (95% Cl) 294731021 426526128 100.0% 1.62 [1.02, 2.56] ‘-
Total events 1440 2735
Heterogeneity: Tau®= 0.46; Chi*= 307.42, df= 8 (P < 0.00001); F=97% 0?5 IJ?? 1!5 é

Testfor overall effect: Z= 2.05 (P = 0.04) Favours moderna Favours pfizer

Figure 2 Forest plot showing pooled RR of myocarditis among both the doses

Referring to Figure 5, the outcomes following the administration of the second dose showed 428
and 769 myocarditis events for Moderna and Pfizer respectively, against a backdrop of 67,150,511
and 93,768,883 total doses. This analysis yielded a pooled RR of 1.69 (95% CI: 0.79, 3.59), with a
very high level of heterogeneity (I2 = 94%) and a Z-score for the overall effect of 1.36 (p = 0.17).

Moderna Pfizer Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total ight M-H, R 95% Cl M-H, 95% CI
Abraham et al, 2022 29 2563323 53 5687432 29.9% 1.21[0.77,1.91]
Alamietal, 2022 176 72291938 278 99475350 481% 0.87[0.72,1.05)
Klein et al., 2021 5 2636202 4 3539611 6.8% 1.68[0.45,6.25] =
Wong et al,, 2022 12 302990 12 600057 15.2% 1.98(0.89, 4.41] T a—
Total (95% CI) 77794453 109302450 100.0% 1.14 [0.79, 1.64] ’
Total events 222 347
Heterogeneity: Tau®= 0.06; Chi*= 6.89, df= 3 (P = 0.12); F= 49% 0 505 IJ{Z‘ % 220

Testfor overall effect Z=0.70 (P = 0.48)

Favours moderna Favours pfizer

Figure 3 Forest plot showing pooled RR of myocarditis among first dose
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Moderna Pfizer Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M.H, Random, 95% CI M-H, Rand 95% CI
Abraham et al,, 2022 36 1461270 25 3233874 200% 319[1.91,531) —
Alamietal., 2022 312 62123283 651 84616311 21.9% 0.65[0.57,0.75) b
Klein etal., 2021 15 2454578 9 3214737 174% 2.18[0.96, 4.99] T
MNaveed et al,, 2022 (b) N 871960 28 2223454 20.0% 2.82[1.69,4.71] TR
Wong etal., 2022 34 238420 56 480407 206% 1.2210.80,1.87] o
Total (95% CI) 67150511 93768883 100.0% 1.69[0.79, 3.59] “'
Total events 428 769
Heterogeneity: Tau*= 0.67; Chi*= 69.33, df = 4 (P < 0.00001); F=94% =0 01 051 1=D ‘IUD=

Testforoverall effect Z=1.36 (P = 0.17) Favours modema Favours pfizer

Figure 4. Forest plot showing pooled RR of myocarditis among second dose

Discussion

Our meta-analysis is first to compare the risk of myocarditis in two different COVID-19 mRNA
vaccines, specifically Pfizer (BNT162b2) and Moderna (mRNA-1273). The study was conducted
across a wide range of populations covering adolescents, young adults, and the geriatric
population. Study findings suggest a slightly higher risk of myocarditis among the recipients of
Moderna compared to Pfizer. Subgroup analysis conducted for the first and second doses of these
vaccines also suggests increased risk among recipients of Moderna. However, the difference in risk
of these two vaccines has not come out to be statistically significant.

Many primary studies highlighted the increased risk of myocarditis to a very large extent among
recipients of Moderna unlike ours [9,10,22,24]. One study has found that there was an increased
risk of myocardial infarction, ischemic stroke, other thromboembolic incidents, and Renal damage in
individuals who received the Pfizer vaccine versus those who were given the Moderna vaccine [25].
A study from USA indicated no significant difference in the risk of myocarditis between Moderna
and Pfizer [21]. These results are in line with our analysis. There have been divergent results from
various studies. These findings highlight the significance of carrying out comparative studies
directly to consider possible differences among individuals who receive these mRNA vaccines.

Considering their future use. Decisions about risk management in public health practice must
consider several intricate and occasionally contradictory elements [26]. The kind of population to
whom we are providing the benefits should be considered when attempting to balance risks and
benefits, especially if there are benefits that balance the risks and risk cannot be completely
avoided. Given the demonstrated efficacy of mRNA COVID-19 vaccines in reducing instances of
severe illness, hospital admissions, and fatalities associated with COVID-19 on an individual level,
along with their role in decreasing community transmission and protecting immunocompromised
persons, these vaccines also contribute to maintaining the operational capacity of the community
healthcare system [27,28]. Moreover, it was found in one SRMA that there was a seven-fold higher
risk of myocarditis among COVID-19 patients compared to mRNA-vaccinated individuals [29]. This
indicates the ongoing recommendation for the use of mRNA COVID-19 vaccines in all eligible
individuals, as advised by the CDC and WHO. Future studies should aim to precisely determine the
incidence of myocarditis associated with mRNA COVID-19 vaccines, explore the underlying
biological processes causing these rare cardiac events, and identify individuals who are most at
risk. This will enable the creation of benefit-risk profiles tailored to various age groups. Future
studies should also focus on the risk of such rare cardiac events from the new emerging variants
and the newer vaccines should also be tested for their risk of causing such events.

The study presented several constraints. Primarily, the lack of comprehensive
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Data restricted our ability to assess potential variations in risk based on gender and the number of
vaccine doses (first and second) administered. Our study does not report gender-specific risk of
myocarditis among recipients of mRNA vaccines. Additionally, the observational nature of the study
design inherently carries the potential for bias, stemming from the non-randomized approach to
vaccination in real-world scenarios. It is important to acknowledge that the characteristics of the
vaccinated population might differ significantly in key areas such as disease susceptibility, and
availability of screening and healthcare services. These factors were not considered in our study.
Discussing myocarditis that coincides with COVID-19 vaccinations does not definitively indicate a
diagnosis of myocarditis caused by the vaccine, since it is difficult to differentiate it from
myocarditis due to other reasons.

Although there are some limitations, the study has several significant strengths. First, the data for
our quantitative analysis came from various well-executed observational studies, as indicated by
the risk of bias assessment using the JBI tool for risk of bias in case series and cohort studies. we
included population-based cohort studies, which exhibit diversity in race and ethnicity. The majority
of these studies share a similar timeframe, enhancing their comparability. Additionally, all instances
of myocarditis in the studies were evaluated according to established case definitions, reducing the
potential for misclassification that often occurs when relying solely on diagnostic codes.

Conclusion

Myocarditis after receiving an mRNA vaccine is uncommon. While vaccination with mRNA-1273
shows a marginally increased risk of myocarditis compared to the BNT162b2 vaccine, though this
difference has come out as statistically non-insignificant. This indicates the ongoing
recommendation for the use of mMRNA COVID-19 vaccines in all eligible individuals. Further,
Differences in risk between products can contribute to risk-benefit discussions and better policy
decisions, as countries vaccinate younger populations with additional doses. Thus, there is a need
for direct comparison studies to understand more clearly the associated risks with different mRNA
vaccines.
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