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Background: The incidence of myocarditis after RNA-based vaccines for coronavirus has gained social and
medical interest.

Methods: We performed an intention-to-treat meta-analysis, following the PRISMA statement. After a systematic
search, without language restriction, 9 publications were selected. Two were excluded (one was only in subjects
with age 12-17 and other might had included subjects from a larger publication). We followed the PRISMA
guidelines for abstracting data and assessing data quality and validity. Data was verified by 2 investigators.
Results: We analyzed 17,704,413 subjects, from 7 studies, that included 627 cases of confirmed myocarditis). The
incidence of myocarditis was 0.0035% (95% CI 0.0034-0.0035). Mean incidence rate was 10.69 per 100.000
persons-year. Cases reported from Israel represented 45.14% from total (283 out of the 627). Only 1 case of fatal
myocarditis or death was reported. There was significant heterogeneity between results. The meta-regression
analysis excluded mean age, region, number of cases or number of people included as sources of heterogene-
ity. No small-study effect was observed (p = 0.19).

Conclusions and relevance: Myocarditis incidence after RNA vaccines is very rare (0.0035%) and has a very

favorable clinical course.

1. Introduction

Coronavirus vaccines have demonstrated to reduce very effectively
the incidence of severe covid-19 and mortality [1]. Nonetheless, the
incidence of myocarditis after RNA-based vaccines for coronavirus has
gained social and medical interest [2-4]. Several reports have provided
very low rates of myocarditis after the second dose of RNA-based vac-
cines [5,6]. Moreover, some studies have suggested that the myocarditis
incidence has increased since the introduction of this type of vaccines
[7,8] meanwhile other reported similar rates than expected based on
previous time-periods rates [9].

2. Methods

We performed an intention-to-treat meta-analysis in line with rec-
ommendations from the Cochrane Collaboration and the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
Statement [10]. We performed a systematic search (using PUBMED,
EMBASE, and Cochrane Central Register of Controlled Trials

(CENTRAL), and Google Scholar), without language restriction, for
publications using the Medical Subject Headings terms “myocarditis”,
“vaccine”, “coronavirus” and “RNA vaccine”. A total of 9 reports were
identified [5-9,11-14]. The report from Witberg et al. [6], evaluated
patients who were enrolled in Clalit Health Services, the largest health
insurance company in Israel, and the one by Mevorach et al. [5] was
based on medical records obtained from the Ministry of Health database
from Israel; therefore, patients could be have been included in both
reports and we excluded data from Witberg et al. [6]. The report by
Foltran et al. [14]only adolescents with age between 12 and 17and,
therefore, it was not included. So finally, 7 reports were analyzed
[5,7-9,11-13].

Numeric rates of confirmed cases of myocarditis were extracted from
each report. The percentage of variability across studies attributable to
heterogeneity beyond chance was estimated using the I? statistic. A
random effect model was applied because significant heterogeneity was
detected. Sensitivity analysis included the identification of potential
sources of heterogeneity between trials, tested by meta-regression ana-
lyses, and the assessment of the small-study effects, by the Egger test
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[10]. All analyses were performed using STATA 14.3 (StataCorp. 2009. ©
Stata Statistical Software: Release 14. College Station, TX: StataCorp £ <
LP). g N R
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3. Results ﬁ § 5 c.: g §
We included the results of 7 reports with 17,704,413 subjects
(Table 1). The report from the Israel Ministry of Health database rep-
resented 28.95% of the subjects, the report from the Denmark 27.86% 3
and the 5 reports from the United States represented the resting 43.19% =
for the population included in the analyses. A total of 627 cases of % 3
confirmed myocarditis were reported what represented an incidence of 5 §
0.0035% (95% CI 0.0034-0.0035). Mean incidence rate was 10.69 per —% =
100.000 persons-year. Cases reported from Israel represented 45.14% = @ g
(283 out of the 627). Only 1 case of fatal myocarditis or death was = 2 2 ’E 'g
reported. £ -t v g
As shown in Fig. 1, there was significant heterogeneity between re- o |zeEE -} 28 3
sults. The meta-regression analysis excluded mean age, region, number g é § BE 52’ £ §
of cases, number of people included or diagnostic criteria as sources of 2 8‘ 8 ? 2" E bt 2" 8
heterogeneity. The Egger test excluded the small-study effect (p = 0.19). i mEEEOOE. =
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4. Discusion 8 o o o o o —
This metanalysis with >17 millions of subjects vaccinated with the 2 &
doses of RNA vaccines for coronavirus demonstrates the low rate of g
myocarditis and mortality. Myocarditis are a well described side effect §
of vaccines [2] and this metanalysis demonstrates that it also occur after S
RNA vaccines for coronavirus and have an excellent prognosis. 3w °
The Vaccine Adverse Event Reporting System (VAERS) reported and 5 i E § § § § & §
incidence of myocarditis of 0.1% (708 confirmed cases from 620,195
subjects) between 1990 and 2018 [2]. The analysis also revealed that
despite the introduction of new vaccines over the years, myopericarditis
had very low incidence in the United States. RNA coronavirus vaccines -8
have been widely applied since January 2020 and it is estimated that by :‘%’ g
the end of 2021 more than 3500 millions of people in the world will be g § o o
vaccinated with 2 doses of any of the vaccines available [15]. We believe SE[~282 88 &
that our results, as well as other reports that exclude cardiovascular §
complications [16], should reinforce the wide generalization of coro- - §
navirus vaccines that have demonstrated to reduce, dramatically, the g E
incidence of severe covid-19 and mortality [1,17]. g 5% S© o8 ks
Clinical course of myocarditis was benign in all cases but one. The g g g § R - E
VAERS reported that 69% of the cases diagnosed after vaccines were %’ glis8s & o 2
classified as serious [2] although some reports have highlighted the rare St IR g
presentation of fulminant myocarditis leading to multiorgan failure and 2
death [3,4]. These reports reinforce the need of wider studies as our g e = T“j
metanalysis. A part from this, the clinical presentation revealed that ‘qmi § % E
myocarditis is more incident in men, symptom onset is <2 weeks g a Fa '%
postvaccination and the highest rates is observed in subjects aged 25 to = E fo & g
44 years is similar to the other forms of vaccine-related myocarditis [2]. E g :2 £ :é’ g
Myocarditis have been also reported in many patients with severe covid- = ‘i g 8 g, % 8
19 [18] although mortality and myocarditis incidence had a very g i § g g £ i .
different pattern in patients with covid-19, since both increased expo- g Es g % f_) §E £ é
nentially with age [19]. Finally, there is scarce evidence on the optimal £ SEx E < g XE ‘; §
therapy for this kind of RNA vaccine-related myocarditis. g ,§ % 8 g ST B £
Some analyses concluded that coronavirus vaccination has led to a E -§ & g % E é—z'z ng é’ =
particular increase in the diagnosis of myopericarditis in men [7,8,11] = :g g % »‘é & £ % E g 8 %‘
meanwhile some other concluded that expected and observed rates of E R % £5 5235¢ s &
myocarditis in their areas or population remained unchanged [9]. Such i = 2588 BR25&23|38
differences could be attributed to diagnostic criteria, active search or, @ > ¥ §
even, random or uncontrolled effects. We also found different diagnostic R E g 2
criteria that might highlight the clinical challenge of the definite diag- % S 5888 B8a&a & 2
nosis of myocarditis. Nonetheless, all evidence concludes that whatever g1, k= g = e
the incidence of myopericarditis might be, it is always much lower than 2|8 N ::é’ 9 §° = § 2
the morbidity seen in patients who got infected or developed covid-19 - % § 5 = ,:QE E E E é 3
disease [5,7,8,11,13]. TEIE |SEGa =% = g
Our study might be limited by data source. We included >17 millions = O &)
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Fig. 1. Forest plot for the incidence of myocarditis.

of people that represents a low percentage of the population vaccinated
world-wide but, in contrast, these data source have been accurately
collected. The most solid evidence might be derived from randomized
controlled trials although real-life records provide evidence in less ho-
mogenous and non-selected population. We only included definite cases
of people that received the 2 doses of the vaccines because incidence
after the first dose was reported in some studies [5,7,8,11] but not in
others Perez [8,9,13]; however, the study from the Ministry of Health
database of Israel reported that the risk difference between the first and
second doses was 1.76 per 100,000 persons [5]. Finally, some authors
have highlighted that establishing a causal link between a RNA-based
vaccine and a case of myocarditis could have a limited scientific
value, especially without a cardiac biopsy [20].

In conclusion, myocarditis incidence after RNA vaccines is very rare
(0.0035%) and has favorable clinical course. National or regional re-
ports on side effects of coronavirus vaccines provide a great tool for the
reinforcement of global vaccination.
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