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Abstract

Acute myocarditis following mRNA COVID-19 vaccination was reported by the European Medicine Agency safety committee as
a rare adverse event. We present a case series of three young male patients with suspected acute myocarditis following
BNT162b2 mRNA COVID-19 vaccination including results of endomyocardial biopsies (EMB). Additionally, we analysed EMB
of another 21 patients with clinically suspected acute myocarditis following vaccination to determine the pathohistological
pattern. Overall, EMB revealed acute lymphocytic myocarditis in 5 (20.8%), chronic lymphocytic myocarditis in 6 (25%), cardiac
sarcoidosis in 1 (4.2%), healed myocarditis in 6 (25%), and other diagnoses with cardiac damage of unclear aetiology in 6 (25%)
cases. Our findings support the necessity of EMB in patients with suspected acute myocarditis following mRNA COVID-19 vac-
cination presenting with reduced EF to establish a correct and definite diagnosis. Concerns of these rare severe adverse events
after COVID-19 immunization should not undermine its value for the global community.
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Introduction

The ongoing COVID-19 pandemic has challenged health care
systems worldwide. Immunization with COVID-19 vaccines
has substantially contributed to control the disease. From
the beginning, COVID-19 vaccines have received intensive
safety monitoring. Recently, acute myocarditis following
mRNA COVID-19 vaccination was reported by the European
Medicine Agency safety committee as a severe but very rare
adverse event.1 Vaccine-related myocarditis was mainly
reported in young individuals which underlines the need for
a substantiated risk–benefit evaluation.

We present three cases of acute myocarditis in young
patients following BNT162b2 mRNA COVID-19 vaccination
including results of left ventricular endomyocardial biopsies
(EMB), which has not been reported yet. In addition, we
analysed EMB of another 21 patients with clinically suspected
acute myocarditis following mRNA COVID-19 vaccination to
establish a definite diagnosis.

Case reports

Case 1

An 18-year-old male patient was admitted because of chest
pain and fever (37.9°C) 3 days after his first dose of
BNT162b2 mRNA COVID-19 vaccination. Two days prior to
the vaccination, the patient had self-limiting acute diarrhoea.
Baseline laboratory results showed leukocytosis with ele-
vated monocytes, serum C-reactive protein (7.2 mg/dL) and
hs-troponin T levels (peak 1386 ng/L) (Table 1). SARS-CoV-2
PCR (nasopharyngeal swap) was negative. Echocardiography
demonstrated severely reduced left ventricular ejection frac-
tion (EF 33%) and myocardial oedema with patchy intramural
late gadolinium enhancement (LGE) was described on cardiac
magnetic resonance imaging (MRI) (Figure 1). Transradial left
ventricular (LV) EMB revealed lymphocytic myocarditis
(CD3 + T-lymphocytes 50/mm2, CD68 + macrophages >100/
mm2) (Figure 2). Nested (RT-)PCR for the detection of entero-
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viruses (including coxsackieviruses of Groups A and B, echovi-
ruses), parvovirus B19 (PVB19), human herpesvirus 6 (HHV6),
Epstein–Barr virus, adenoviruses, human cytomegalovirus,
herpes simplex virus type 1 and 2, human herpesvirus 7
(HHV7), varicella zoster virus, Toxoplasma gondii and Borrelia
spp. was negative in the myocardium and EDTA blood. Micro-

biological stool analysis on enteroviruses remained negative
but revealed Campylobacter spp. The patient received heart
failure therapy, non-steroidal anti-inflammatory drugs
(NSAID) and antibiotic treatment. A life vest was prescribed
for rhythm monitoring. At follow-up after 1 month, the pa-
tient had recovered well with an EF of 60%.

Table 1 Patients’ characteristics with suspected acute myocarditis following mRNA COVID-19 vaccination (n = 3) including laboratory,
cardiac MRI imaging and EMB results, and therapy

Case #1 #2 #3

Age (years) 18 22 38
Sex M M M
COVID-19 mRNA vaccination first dose second dose second dose
Symptoms onset after vaccination (days) 3 1 4
Chest pain ++ ++ ++
Shortness of breath � � �
Fatigue + + +
Fever + � �
Non cardiac comorbidities campylobacter enteritis none immune checkpoint inhibitor

therapy for malign melanoma

Laboratory results

Peak hs Troponin T (ng/L) 1386 1104 (0–14 ng/L)
Peak hs Troponin I (ng/L) 38 735 (2–45 ng/L)
Peak CK (U/L) 830 1378 729 (0–190 U/L)
NT-proBNP (ng/L) 991 528 1330 (0–86 ng/L)
C-reactive protein (mg/dL) 6.5 11.3 11.4 (0–0.5 mg/dL)
Procalcitonin (ngl/mL) 0.3 0.1 0.1 (0–0.5 ng/L)
Interleucin-6 (pg/mL) 5.8 15.3 (0–7 pg/mL)
Leucocytes (G/L) 10.3 8.2 9.2 (3.9–8.8 G/L)
Neutrophiles (G/L) 6.5 5.1 6.0 (1.82–7.42 G/L)
Lymphocytes (G/L) 1.6 1.6 1.7 (1.0–4.0 G/L)
Monocytes (G/L) 1.1 1.1 0.98 (0.19–0.77 G/L)
Eosinophiles (G/L) 0.01 0.15 0.5 (0–0.5 G/L)
Basophiles (G/L) 0.03 0.05 0.03 (0–0.2 G/L)
Haemoglobin (g/dL) 14.8 15.8 14.0 (14.0–17.0)
Thrombocytes (G/L) 184 166 198 (151–400 G/L)
Creatinine 0.97 0.9 0.89 (0.7–1.2 mg/dL)
SARS-CoV-2 PCR Negative Negative Negative

Cardiac MRI

LVEF (%) 33 40 48 (56–65%)
Myocarditis ++ ++ ++
T1 mapping ++ n/a ++
T2 mapping/T2 db fs ++ + ++
Late gadolinum enhancement ++ ++ ++
Pericarditis + + +

Endomyocardial biopsy analysis

CD3 + T-lymphocytes 50 ↑ 5 30 ↑ cells/mm2

CD68 + macrophages >100 ↑ 14 34 ↑ cells/mm2

CD20 + B-lymphocytes 3 0 0 cells/mm2

Eosinophiles 2 0 0 cells/mm2

Giant cells 0 0 0 cells/mm2

SARS-CoV-2 PCR Negative Negative Negative
Nested viral (RT-)PCR Negative HHV6B Negative

Therapy

Heart failure therapy + + +
NSAID + + +
Colchicine � + �
Immunosuppressive therapy � � prednisolone

M, male; ++, strongly positive; +, positive; �, negative; magnetic resonance imaging; n/a, not available; LVEF, left ventricular ejection
fraction; PCR, polymerase chain reaction; NSAID, non-steroidal anti-inflammatory drugs.
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Case 2

A 22-year-old male patient, presented with chest pain and fa-
tigue with an onset 1 day after his second dose of BNT162b2
mRNA COVID-19 vaccination. Baseline hs-troponin I levels

were markedly elevated (peak 38 735 ng/L). Cardiac MRI
demonstrated typical signs of an acute myocarditis with
moderately reduced EF (EF 40%) with myocardial oedema
and patchy intramural and pericardial LGE (Figure 1). LV
EMB revealed mild interstitial fibrosis without evidence of

Figure 1 Cardiac magnetic resonance imaging demonstrated acute myocarditis with patchy intramural to subepicardial late gadolinum enhancement
(LGE) with myocardial oedema in T2-weighted imaging in Cases 1, 2, and 3.
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lymphocytic or eosinophilic myocarditis (Figure 2). In the
myocardium HHV6B and in the EDTA blood, HHV7 DNA was
detected by (RT-)PCR. The patient recovered on heart failure
therapy, NSAID, and colchicine within 1 month.

Case 3

A 38-year-old male patient was admitted because of fatigue
and chest pain 4 days after his second mRNA BNT162b2
COVID-19 vaccination. The patient had received an immune
checkpoint inhibitor therapy (ipilimumab and nivolumab)
for malignant melanoma 7 days before symptom onset.
Laboratory tests revealed elevated C-reactive protein and
hs-troponin T levels (peak 1104 ng/L). Cardiac MRI showed
a mildly reduced EF with 48% and myocardial oedema with

patchy intramural to subepicardial LGE (Figure 1). Acute
lymphocytic myocarditis with elevated CD3 + positive T-lym-
phocytes (30/mm2) and CD68 + macrophages (34 cells/
mm2) was diagnosed by LV EMB (Figure 2). No nucleic acids
of pathogens described above were found by (RT-)PCR in
the myocardium. Medical heart failure therapy and an
immunosuppressive therapy (prednisolone) was initiated.
The patient recovered well, and EF normalized at follow-up
after 1 month.

Discussion

In this case series, we describe three patients with
suspected acute myocarditis that occurred within 1 to 4 days

Figure 2 EMB analysis of patients with acute myocarditis following COVID-19 mRNA vaccination revealing acute lymphocytic myocarditis with ele-
vated CD3 + T cells and CD68 + macrophages in Cases 1 and 3. No lymphocytic, eosinophilic, or giant cell myocarditis was detected in Case 2. (RT-)
PCR revealed HHV6B DNA in the myocardium and HHV7 persistence in the EDTA blood in Case 2.
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after the first or second dose of BNT162b2 mRNA COVID 19
vaccination. All patients presented with chest pain and
fatigue, had a mildly to severely reduced EF, and were
haemodynamically and respiratory stable without arrhyth-
mias. They recovered completely with heart failure treat-
ment and NSAID within 1 month. One patient required
prednisolone therapy because there was a potential risk of
immune checkpoint inhibitor-related myocarditis (Case 3).
A campylobacter enteritis was diagnosed in another patient
(Case 1). EMB revealed acute lymphocytic myocarditis in
these two cases without detection of cardiotropic agents.
One patient showed only mild fibrosis without signs of
lymphocytic, eosinophilic, or giant cell myocarditis but was
positive for HHV6B DNA in the myocardium (Case 2). This
patient was diagnosed as acute peri-myocarditis according
to current Lake Louise criteria with myocardial oedema on
T2 mapping and patchy intramural and pericardial LGE.
Sampling error might have contributed to the inconclusive
EMB result.

The first report of an association between mRNA COVID-19
vaccination and acute myocarditis and pericarditis was pre-
sented by Israel’s Health Ministry in June 2021.2 Meanwhile
several case series showing a younger aged male predomi-
nance were published.3,4,5 Diagnosis of vaccine-related
myocarditis was based on the clinical presentation and
non-invasive imaging techniques (echocardiography and
cardiac MRI) in most patients. Except for smallpox vaccine,
immunizations are rarely associated with myocarditis and
pericarditis.6 This has encouraged debate whether the tem-
poral connection indicates causation. EMB, which is regarded
as the gold standard for the diagnosis of definite myocarditis,
was not reported.7 However, a careful diagnostic work-up
including EMB is of utmost importance to avoid erroneous
conclusions.

Little is known about the underlying mechanisms of
vaccine-related myocarditis. Expression of cytokines by induc-
tion of anti-idiotype cross-reactive antibodies, molecular mim-
icry mechanism between viral proteins and cardiomyocyte
proteins and RNA vaccines itself as an immunogen potent by-
stander are discussed.8 However, all thesemechanisms remain
speculative. Even less is known about the pathohistological
pattern in the myocardium.

To determine the pathohistological pattern, we analysed
EMB of another 21 patients. In total, our study cohort
consisted of 24 patients with a median age 30 years (IQR
19–38 years, 22 males) with clinically suspected acute myo-
carditis following mRNA COVID-19 vaccination with a median
EF of 48% (IQR 40–60%). Acute myocarditis was diagnosed

by elevated troponin levels, pathological echocardiography
findings and cardiac MRI (12 before EMB, 2 after EMB).
EMB was performed at the discretion of the treating physi-
cian. Sixteen EMB (66.7%) were performed in the LV and 8
(33.3%) in the RV. EMB revealed acute lymphocytic myocar-
ditis in 5 (20.8%), chronic lymphocytic myocarditis in 6
(25%), cardiac sarcoidosis in 1 (4.2%), healed myocarditis in
6 (25%), and other diagnoses with cardiac damage of unclear
aetiology in 6 (25%) cases. Viral PCR detected HHV6B in 3
(12.5%), PVB19 in 2 (8.4%), and EBV in 1 (4.2%) patient(s),
respectively and 18 (75%) patients remained viral negative.
Results are presented in Table 2. Sampling errors cannot
be ruled out completely, especially in right ventricular EMB.
However, this finding stresses the importance of EMB in
suspected vaccine-related myocarditis to establish a correct
diagnosis.

Thus, COVID-19 immunization is not necessarily related
with the induction of acute or chronic myocarditis. It is likely
that other pre-existing cardiac diseases influence possible ad-
verse cardiac events following COVID-19 mRNA vaccination.
In all three cases described above, alternative causes (cam-
pylobacter enteritis, HHV6 infection, immune-checkpoint in-
hibitor therapy) need to be considered in this context.
Overall, acute lymphocytic myocarditis was diagnosed by
EMB only in 5 out of 24 patients (20.8%). EMB results of
our study cohort demonstrated a broad spectrum of
pathohistological patterns including acute, chronic, and
healed myocarditis, cardiac sarcoidosis and other diagnoses
with cardiac damage of unclear aetiology. Careful patients’
history, laboratory work-up, echocardiography, and cardiac
MRI must strongly be recommended in all patients with
suspected acute myocarditis following mRNA COVID-19 vacci-
nation. EMB should strongly be considered in selected pa-
tients presenting with reduced EF and especially in those
with acute heart failure and/or ventricular arrhythmias ac-
cording to the recently published position statement on
EMB to establish a definite diagnosis.9 Further studies are
needed to characterize patient subgroups at risk for
vaccine-related myocarditis. Concerns about these possible
rare adverse events after COVID-19 immunization should
not undermine the general confidence in its value for the
community.
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