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Background: Clinical trials of the BNT162b2 vaccine, revealed efficacy and safety. We report six cases of
myocarditis, which occurred shortly after BNT162b2 vaccination.

Methods: Patients were identified upon presentation to the emergency department with symptoms of
chest pain/discomfort. In all study patients, we excluded past and current COVID-19. Routine clinical
and laboratory investigations for common etiologies of myocarditis were performed. Laboratory tests
also included troponin and C-reactive protein levels. The diagnosis of myocarditis was established after
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Vaccine Findings: Five patients presented after the second and one after the first dose of the vaccine. All patients
BNT162b2 were males with a median age of 23 years. Myocarditis was diagnosed in all patients, there was no evi-
Myocarditis dence of COVID-19 infection. Laboratory assays excluded concomitant infection; autoimmune disorder

was considered unlikely. All patients responded to the BNT162b2 vaccine. The clinical course was mild
in all six patients.

Interpretation: Our report of myocarditis after BNT162b2 vaccination may be possibly considered as an
adverse reaction following immunization. We believe our information should be interpreted with caution
and further surveillance is warranted.

Adverse reaction

© 2021 Elsevier Ltd. All rights reserved.

vaccine, which were usually mild and transient, were reported
more commonly among the younger population and more often
after the second dose [1,2].

In Israel, the nationwide rollout of the 2-dose BNT162b2 vacci-

1. Introduction

1.1. Background

On December 2020 the Food and Drug Administration (FDA)
issued an Emergency Use Authorization (EUA) for the Pfizer-
BioNTech mRNA vaccine (BNT162b2) for prevention of COVID-19
disease. The vaccine’s EUA relied on data which were obtained
from several clinical trials [1,2]. The results of these trials revealed
that the vaccine’s efficacy is 95% and its safety profile is good and
similar to that of other vaccines [1-3]. Systemic reactions to the

Abbreviations: BNT162b2, Pfizer-BioNTech mRNA Vaccine; CMR, Cardiac Mag-
netic Resonance Imaging; Covid-19, SARS-COV-2; CT, Computerized Tomography;
EUA, Emergency Use Authorization; FDA, Food and Drug Administration; RT-PCR,
Reverse Transcription-Polymerase Chain Reaction.
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nation program started in December 2020. More than 4 million
people have received two doses of the vaccine, by the time of writ-
ing. These include persons 16 years old and older. In this report, we
inform on the unforeseen occurrence of myocarditis in five male
persons shortly after they received two doses of the BNT162b2 vac-
cine and in one male person 16 days after he received the first dose
of the BNT162b2 vaccine. We suspect that these adverse events
were related to the vaccine.

1.2. Patients and Clinical, laboratory and imaging Assessments

In a three-week interval (January 30th through February 20th
2021, six men were hospitalized with suspected myocarditis, all
shortly after the vaccination. The COVID-19 status of the six
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Fig. 1. Abnormal ECG recording, showing diffuse PR depression and diffuse ST segment elevation.

patients was assessed by reverse transcription-polymerase chain
reaction (RT-PCR) of nasopharyngeal swabs (TagPath™ COVID-19
Combo Kit, Thermo Fisher Scientific) and serological determination
of the antibody levels against viral nucleocapsid (anti N Ab) (Anti-
Nucleocapsid antibodies- Elecsys® N Anti-SARS-CoV-2, Cobas®,
Roche Diagnostics) and spike proteins (anti S Ab) (Anti-Spike anti-
bodies, LIAISON® SARS-CoV-2 S1/S2 IgG DiaSorin).

The laboratory tests also included a routine complete blood
count, complete metabolic panel, troponin, C-reactive protein,
PCR testing and serological determination of antibodies against
common infectious pathogens related to myocarditis (for details
see supplementary).

1.3. Cardiac imaging

When a coronary event was suspected, a computerized tomog-
raphy (CT) coronary angiogram or a diagnostic coronary angiogram
was done.

transthoracic echocardiography and cardiac magnetic reso-
nance imaging (CMR)) were done in all patients.

Routine ECG-gated CMR was performed on a 1.5 Tesla magnet
(Philips Ingenia 1.5 T MRI system) equipped with phased array
body coils for signal reception using commercially available car-
diac software (for CMR protocol see supplementary).

CMR analyses were performed offline using Philips Intellispace
Portal by an experienced radiologist.

The CMR diagnosis was made in accordance with prior pub-
lished recommendations in the presence of typical non-ischemic
myocardial injury [4].
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2. Results

Six patients (16-45 years; median 22 years) were evaluated
because of chest pain/discomfort (Table 1). Five patients presented
24-72 h after receiving the second dose of the vaccine and one
patient presented 16 days after receiving the first dose of the vac-
cine. All patients had an abnormal electrocardiogram (Fig. 1) and
elevated serum C-reactive protein levels (56-347 mg/L: normal
level < 5.0 mg/L). Five patients had elevated serum troponin T
levels (peak levels 392-1062 ng/L; normal level < 13 ng/L) and
one patient had an elevated high-sensitivity cardiac troponin-I
level (14350 ng/L; normal level < 34 ng/L). The supplementary
material details the laboratory results of each patient.

The echocardiographic examination was normal in four
patients, and revealed a borderline left ventricular ejection fraction
in two patients. The CMR revealed findings which were compatible
with myocarditis (myocardial edema and late gadolinium
enhancement) in all patients (Fig. 2, and supplementary material).

No significant narrowing of the coronary arteries was noted in
one patient who had a cardiac CT and another patient who had
coronary angiography.

All six patients presented in less than a month period. We
investigated the background rate of myocarditis during winter
months (December through March) in our hospital in the past
5 years, and found a mean of 1.17 cases of myocarditis per month
(range 0-3 cases per month).

The disease course was mild in all patients. They were treated
with a nonsteroidal anti-inflammatory drug and colchicine and
were discharged 4-8 days after admission for outpatient follow-
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Table 1

Clinical and laboratory summary of the study population.

Vaccine xxx (XxXx) XXx

No. Age/sex/ Time ECG Peak CRP* Peak COVID-19 status1. TTE Coronary Cardiac MRI
of Troponin- RT-PCR2. imaging
presentation T*Serology™**RT- nucleocapsid
PCR *** antibodies3.Spike
protein antibodies
Case 24y, male72 Diffuse ST CRP - 58.1 mg/L; 1.negative2. Normal NA T2 sequence showed mild myocardial
1 h after elevation Inverted Troponin T - 589 negative3.positive study edema of the basal septum and
receiving T lead Il ng/L;Serology — inferolateral wall.Subepicardial and mid
the2"! dose of negativeRT-PCR - myocardial LGE of the same affected
the vaccine negative segments
Case 20y, male24  Sinus 100.0 mg/ 1.negative2. LVEF-50- CT T2 sequence showed mild myocardial
2 hafter 2™ tachycardiaST ITroponin T - 1062  negative3.positive 55%Apical Angiography:  edema with LGE in the subepicardial
vaccine elevation V2-6 ng/1Serology - hypokinesis NCA region of the basal and middle
negativeRT-PCR- anterolateral and inferolateral walls
negative
Case 29y, maled48 Diffuse PR CRP - 86.0 mg/ 1.negative2. Normal NA T2 sequences showed mild diffuse
3 h after depressionDiffuse  LTroponin T - 876  negative3.positive study myocardial edemaand LGE of the basal,
receiving the ST elevation ng/LSerology — inferolateral, anterolateral and
2" dose of the negativeRT-PCR- anteroseptal walls
vaccine negative
Case 45y, male16 ST elevation: I, CRP - 56.2 mg/ 1.negative2. LVEF-50- Coronary LVEF 50-55%T2 sequence showed
4  days after aVL, V3-5Inverted  LTroponin T - 392  negative3.positive 55% angiogram: subepicardial edema of the middle
receiving T, ST depression: ng/LSerology - NCA anterolateral, inferolateral and of the
the1t dose of  III, aVF negativeRT-PCR- apical anterior walls with LGE of the
the vaccine negative affected walls
Case 16y, male24h ST elevation V2-4  CRP -1.6 mg/L Hs 1.negative2. Normal NA Normal LV size LVEF 59%T2 sequence
5  after receiving troponin-I 14350 nonreactive3. study show midmyocardial and subepicardial
the2"® dose of ng/LSerology - positive edema of the basal inferolateral and
the vaccine negativeRT-PCR- middle anterolateral segments. LGE
negative present in the same segments
Case 17y,male72h ST elevation I II CRP - 54.7 mg/ 1.Negative2. Normal NA T2 sequence showed subepicardial edema
6  after receiving aVL, V2-6S; Qy Ty LTroponin T 1130  Nonreactive3.positive  study of the basal inferolateral, middle
the 2"¢ dose of ng/LSerology - inferolateral and infero-septal and apical
the vaccine negativeRT-PCR - lateral, anterior and inferior walls. LGE
negative present in the same segments and mid-

myocardial enhancement of the middle
inferolateral and anterolateral and apical
anterior and lateral walls. Findings
consistent with myo-pericarditis.

ECG - electrocardiography; EF - Ejection Fraction; TTE - transthoracic echocardiography; NA - not assessed; NCA - normal coronary arteries; LV - Left Ventricle; LGE - late

gadolinium enhancement.

* Serum C-reactive protein (CRP) level (normal range (0.0-5.0 mg/L); serum troponin T level (normal range 0.0-13.0 ng/L; Above 50 - positive).
** Serology: Epstein-Barr virus (EBV), cytomegalovirus (CMV), hepatitis B virus (HBV), Coxsackie viruses, parvovirus B19, Coxiella burnetii, Mycoplasma pneumoniae.
*** RT-PCR: adenovirus, parainfluenza, respiratory syncytial virus (RSV), influenza A virus, influenza B virus, enterovirus, human metapneumovirus, Bordetella pertussis,

Bordetella parapertussis, Chlamydia pneumoniae, Mycoplasma pneumoniae.

up (see supplementary material for detailed case report of each
patient).

3. Discussion

We identified six cases of clinically suspected myocarditis in
otherwise healthy male individuals shortly after they received
the BNT162b2 mRNA COVID-19 vaccine. Five patients presented
shortly after the second vaccine dose and one patient presented
16 days after receiving his first vaccine dose. We included this
patient because of identical clinical investigation results and clini-
cal course. We considered and assessed a wide range of differential
diagnoses for these cases.

3.1. COVID-19 associated myocarditis

Myocarditis is reported to be one of the manifestations of
COVID-19 infection. The proposed pathophysiology involves direct
damage by (a) invasion of the virus into cardiomyocytes, (b) the
host immune response of cytotoxic T lymphocytes, and (c) the
presence of over-inflammation and the cytokine storm [4,5].

Although protection from COVID-19 infection takes a few days
to develop after receiving the second dose of the vaccine, COVID-
19 infection can still occur in this early period. We ruled out

3

COVID-19 infection in our patients. All patients were COVID-19
RT-PCR negative and nonreactive for nucleocapsid protein (anti N
Ab Negative). All patients responded to the vaccine, as evidenced
for being found positive for antibodies against the spike protein
(anti S Ab positive).

3.2. Infectious autoimmune and toxic/drug exposure

We performed antibody and PCR testing for common pathogens
associated with myocarditis and pericarditis and found no indica-
tion of any concomitant infection. None of our patients had any
clinical sign or laboratory finding compatible with autoimmune
disease. None of the patients had a history of an exposure to new
drugs or toxins prior to onset of their symptoms.

3.3. Myocarditis as an adverse reaction to the COVID-19 vaccine

In general, myocarditis, is considered an uncommon adverse
event following immunization [6-8]. An exception to this general-
ization is myocarditis following smallpox vaccination in adults
with a reported incidence of 1:10,000 [7,9-12].in a prospective
safety surveillance study of perimyocarditis following smallpox
vaccine, the authors report that most of the identified cases of per-
imyocarditis were subclinical and were identified through routine
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Fig. 2. Short axis late gadolinium enhancement image. Mid-myocardial enhance-
ment of the middle inferolateral and anterolateral wall consistent with myo-
pericarditis. (Red arrows point to LGE). (For interpretation of the references to
colour in this figure legend, the reader is referred to the web version of this article.)

pre and post vaccination troponin level measurments [13]. This
finding raises concern that we identified only the “tip of the icberg”
i.e. symptomatic cases and other asymptomatic cases may had not
been detected.

An important consideration is a comparison of number of cases
of suspected myocarditis post vaccination to the background rate
of myocarditis. Our hospital serves a population of approximately
500,000 people. The mean number of myocarditis cases in winter
months (December through March) for the past 5 years was 1.17
cases per month. Our six patients presented in less than a month
period, indicating a higher rate.

The development and approval via Emergency Use Authoriza-
tion of vaccines for the prevention of infection with COVID-19 is
a huge step forward to control the disease and decrease morbidity
and mortality.

It is possible that uncommon adverse reactions to the COVID-19
vaccine may have not been captured during the clinical trials due
to low rate of myocarditis and the relatively limited size of the
population that received the vaccine before its authorization. In
Israel, nationwide vaccination rollout started at the end of Decem-
ber 2020. Near 4 million people had already received two doses of
the BNT162b2 vaccine at the time of writing. The vaccination of a
large population in a short period may allow detection of less com-
mon vaccination-related events.

Immunization against COVID-19 and other viral pathogens
using mRNA-based vaccines is a new and promising technology
[13,14]. In the clinical trials, systemic adverse reactions after the
second dose were reported more frequently mainly in the younger
population with a median onset time of 1-2 days [1,2]. This time
pattern fits five of our six cases. Also, the relatively young age pro-
file for the systemic drug reactions described for the vaccine fits all
our patients.

The course of the disease was mild in our patients. However,
myocarditis may have a more severe clinical presentation, may
impose limitations on physical activity and may require long-
term medical treatment, and follow-up [15,16].

4
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4. Conclusion

Our report on the occurrence of myocarditis after BNT162b2
mRNA COVID-19 vaccination in six male patients may be possibly
considered to be an adverse reaction following immunization.
Accordingly, it is important to collect more data on this entity as
the vaccine becomes more widely distributed, and more data on
the vaccine’s efficacy and safety is obtained. It is important to
interpret our data with caution because public acceptance of
COVID-19 vaccines is much needed. The individual and public ben-
efit from COVID-19 vaccination outweighs these rare findings
described herein.

Declaration of Competing Interest
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Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.vaccine.2021.05.087.
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