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Abstract

We describe a case of a 20-year-old healthy man developing chest pain and classical symptoms of vaccine reactogenicity 12 h
after receiving the first dose of mRNA-1273 (Moderna). Cardiac troponin T was increased, and subepicardial inflammation and
focal contractile dysfunction were detected by cardiac magnetic resonance imaging and echocardiography. We confirmed the
diagnosis of acute myocarditis by endomyocardial biopsy demonstrating significant infiltration of monocytes and T lympho-
cytes. Although we detected IgG against nucleocapsid protein of severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) indicating prior infection, the patient repeatedly tested negative for SARS-CoV-2 and had been asymptomatic
for several months. Furthermore, viral genome analysis of endomyocardial biopsy samples was negative for SARS-CoV-2
and other potential cardiotropic viruses. These findings and the strong temporal relation between the vaccination and the
symptom onset imply a potential side effect of mRNA-1273.
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Introduction

Coronavirus disease 2019 (COVID-19) caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) has been
associated with cardiovascular complications such as
thrombo-embolism, acute coronary syndrome, arrhythmia,
and myocarditis.1,2 Interestingly, similar adverse events have
also been observed in relation to COVID-19 vaccination. For
example, venous sinus thrombosis and thrombocytopenia
may occur in recipients of the ChAdOx1 nCoV-19 vaccine from
Oxford–AstraZeneca.3 Recently, cases of suspected myocardi-
tis in people receiving the mRNA vaccines Comirnaty
(BioNTech/Pfizer) or mRNA-1273 (Moderna) have been
reported in Israel and in the USA.4–7 In Europe, the European
Medicines Agency also stated that it was assessing reports of
myocarditis associated with Comirnaty and mRNA-1273.8

Because of the manifold aetiology of myocarditis and its
difficult diagnosis, extensive investigations will probably be

necessary to clarify this issue. Herein, we present a case of
myocarditis developing rapidly after the first dose of
mRNA-1273 in a patient with former asymptomatic SARS-
CoV-2 infection. In contrast to previous reports, we were able
to verify and characterize myocarditis by endomyocardial
biopsy (EMB). Furthermore, we conducted analyses to
demonstrate that alternative mechanisms are unlikely.

Case report

A 20-year-old male patient was transferred to our hospital
because of persistent chest pain. He received his first dose
of COVID-19 vaccine Moderna 3 days ago. The next morning,
about 12 h after the injection, the patient woke up with
shivering, fever over 39°C, myalgia, fatigue, and growing
mid-sternal burning chest pain without radiation. Although
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the flu-like symptoms vanished after 1 day, the chest pain in-
tensified rendering him to seek emergency care.

The patient was an otherwise healthy man (height:
172 cm; weight: 69 kg; and body mass index: 23.3 kg/m2),
who had no family history of cardiovascular diseases. He
was on no medication. He did not take part in competitive
sport and had a moderate electronic cigarette use. He denied
recreational drug use, allergies, exposure to chemicals, recent
travel or sick contacts, or previous adverse reactions to vac-
cines. Notably, he reported not having suffered any respira-
tory infection or enteritis for the last 6 months.

The physical examination and the chest X-ray were normal.
The resting electrocardiogram was also normal except for
features of pre-excitation (short PR interval, delta waves,
and discordant T waves). Holter monitoring showed no rele-
vant arrythmias. Blood tests revealed a 20-fold increase in
high-sensitivity troponin T (333 pg/mL). Creatine kinase
(6.89 μmol/l*s), N-terminal pro-B-type natriuretic peptide
(330 pg/mL), and C-reactive protein (19.6 mg/L) were slightly

elevated. A complete blood count with differential showed a
marginal thrombocytopenia (119 Gpt/L) and normal eosino-
phil count. Cardiac troponin T rapidly diminished after 12 h
and was normalized after 7 days.

Based on the medical history and clinical presentation of
the patient, we suspected myocarditis and performed cardiac
magnetic resonance imaging. We found subepicardial and in-
tramural elevations in native T1 and T2 as well as marked late
gadolinium enhancement primarily in the mid and basal
inferolateral segments, which indicates myocardial injury
and oedema in these sites. Although left ventricular ejection
fraction was preserved (53–56%) as measured by magnetic
resonance imaging and echocardiography, speckle tracking
analysis exposed a considerable reduction in longitudinal
strain down to �15% in the affected segments (Figure 1).

The patient repeatedly tested negative for SARS-CoV-2 by
quantitative PCR of nasopharyngeal swabs. Serological assays
9 days after the vaccination detected high titres of IgG
(>400 AU/mL) and IgM against SARS-CoV-2. However, further

Figure 1 Cardiac magnetic resonance imaging and speckle tracking echocardiography. (A) Subepicardial and intramural late gadolinium enhancement
(arrows) in mid and basal inferolateral segments. (B) Reduced longitudinal strains in mid and basal inferolateral as well as basal septal segments.
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analysis by immunoblotting identified not only IgG against
the spike protein of SARS-CoV-2 but also IgG against its
nucleocapsid protein, which indicates prior infection. We also
found slightly elevated levels (two-fold to three-fold) of IgM
but not IgG titres against echovirus and coxsackievirus.
Serological tests for human parvovirus B19, cytomegalovirus,
human immunodeficiency virus, and hepatitis C virus were
negative. In addition, we ruled out a reactivation of
Epstein–Barr virus, or active infections with human herpes
virus 6 and adenovirus by quantitative PCR of blood. Finally,
biomarkers of autoimmune disorders including RF, p-ANCA,
c-ANCA, anti-dsDNA antibody, anti-PR3 antibody, and anti-
MPO antibody were normal.

Because of the ambiguous serological results, we
performed EMB of the left ventricle 9 days after the
vaccination. We found no cardiomyocyte hypertrophy, no gi-
ant cells, and minimal interstitial fibrosis without proliferating
myofibroblast. There were also no signs for haemochro-
matosis or amyloidosis. Instead, the haematoxylin and eosin
stains displayed myocardial oedema and profound mononu-
clear infiltration in the absence of myocardial necrosis.
Immunohistochemistry identified substantial numbers of
CD68-positive macrophages (44 cells/mm2) and CD3-positive
T lymphocytes (15 cells/mm2) (Figure 2). Importantly, viral
genome analysis of two independent myocardial biopsy sam-
ples by quantitative PCR was negative for SARS-CoV-2, echo-
virus, and coxsackievirus.

The further clinical course was uneventful. We could
discharge the patient soon after having excluded pericardial
effusion and mitral valve regurgitation following EMB.
Because of the risk of myocarditis and the persistently high
antibody titres, we advised the patient against a second
vaccine dose. This decision is supported by recent data show-
ing that antibody responses elicited by a single vaccine dose
in individuals with prior SARS-CoV-2 infection were compara-
ble with those seen after two doses of vaccine in individuals
without prior infection.9

Discussion

We describe a case of acute myocarditis developing within
only 12 h after administration of mRNA-1273. As an advan-
tage to previous reports,5–7 we were able to confirm and
characterize myocarditis by EMB.

Based on the slightly increased IgM titres against echovirus
and coxsackievirus, enteroviral infection might be assumed as
possible cause of the myocarditis. However, serology has a
limited value in the diagnostic of acute enteroviral disease
due to cross-reactivity and poor standardization.10 Further-
more, whereas enteroviral myocarditis usually starts within
1–4 weeks after a respiratory or gastrointestinal infection
and is frequently associated with severe and recurrent

symptoms,10 our patient had been completely asymptomatic
for several months. Finally, we ruled out the presence of viral
genome in myocardium by EMB. Thus, the role of echovirus
and coxsackievirus in this case, if there was any infection, is
highly questionable.

Myocarditis has also been suggested as a cardiac complica-
tion of COVID-19 potentially resulting from myocardial viral
infection.11–14 In most cases, it developed in the setting of
fulminant infection with SARS-CoV-2 as shown by positive na-
sopharyngeal swab during pneumonia or acute respiratory

Figure 2 Histology and immunohistology of endomyocardial biopsy. (A)
Haematoxylin and eosin stain, primary magnification 40:1. Infiltration of
mononuclear inflammatory cells (macrophages and lymphocytes) with
mild interstitial oedema. Non-hypertrophic myofibres with regular nuclei
and cytoplasm without degeneration or necrosis. (B) Immunohistochem-
istry, CD68, anti-alkaline phosphatase method, primary magnification
20:1. Considerably increased number of macrophages. (C) Immunohisto-
chemistry, CD3, anti-alkaline phosphatase method, primary magnification
20:1. Moderately increased number of T lymphocytes.
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distress syndrome.15 By contrast, our patient repeatedly
tested negative for SARS-CoV-2, and he had been completely
symptom-free for months until the vaccination. In addition,
the fact that PCR analysis of EMB samples was negative for
SARS-CoV-2 further questions its involvement in the myocar-
dial damage. Thus, the myocarditis presented herein is most
likely distinct from SARS-CoV-2-associated myocarditis
reported in the literature.12,13,15 Because of the detection
of IgG against the nucleocapsid of SARS-CoV-2, we cannot ex-
clude the theoretical possibility of a delayed onset of myocar-
ditis provoked by a former asymptomatic SARS-CoV-2
infection independently of the vaccine. However, because
the patient’s chest pain occurred within hours after the injec-
tion and strictly coincided with other typical signs and symp-
toms of vaccine reactogenicity, it is reasonable to suggest a
causal role for the COVID-19 vaccine. Whether the previous
exposure to SARS-CoV-2 antigens in this case may have pro-
moted the development myocarditis during the secondary
immune response remains an interesting question.

Because the patient did not show severe cardiac dysfunc-
tion, our decision to perform EMB may be controversial.
However, the knowledge obtained by EMB was relevant in

this case. Considering the patient’s former SARS-CoV-2 infec-
tion, if viral genome had been detected in myocardial tissue,
we would have rejected the hypothesis of vaccine adverse ef-
fect and there would be no contraindication for the second
vaccine dose. In general, the indication for EMB should
always be considered with great care because of possible
serious complications. Based on the growing evidence of
myocarditis associated with COVID-19 vaccination to date,
EMB might be omitted in most cases.

In conclusion, we suggest that myocarditis is a possible
side effect of mRNA-1273. Further research is warranted to
elucidate whether this complication is a class effect of mRNA
vaccines and to identify populations at higher risk. The
knowledge of these issues will not only improve the safety
of COVID-19 vaccines but may also shed light on the patho-
physiology of SARS-CoV-2-related myocarditis.
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