
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Fulminant myocarditis after the first dose of
mRNA-1273 vaccination in a patient with
previous COVID-19: a case report
Kohei Horiuchi, Shumpei Kosugi , Haruhiko Abe *, and Yasunori Ueda
Cardiovascular Division, National Hospital Organization Osaka National Hospital, 2-1-14 Hoenzaka, Chuo-ku, Osaka 540-0006, Japan

Received 24 January 2022; first decision 21 February 2022; accepted 6 July 2022; online publish-ahead-of-print 8 July 2022

Background COVID-19 vaccines have shown success in protecting people worldwide, although serious adverse effects have been reported
in very rare cases.

Case summary A 32-year-old male with a prior medical history of mild COVID-19 infection developed fulminant myocarditis five days after
mRNA-1273 vaccination (first dose), which was confirmed using endomyocardial biopsy. He acutely developed respiratory fail-
ure and cardiogenic shock with ventricular tachycardia, but recovered completely with short-term high-dose steroid therapy
and mechanical cardiac support, which is the recommended treatment for fulminant lymphocytic myocarditis.

Discussion COVID-19 vaccine-induced myocarditis varies from mild to severe. In the present case, the patient was treated as for fulminant
lymphocytic myocarditis and recovered relatively quickly. The mechanism of COVID-19 vaccine-associated myocarditis needs
to be urgently investigated.
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Learning points
• This report helps to understand the clinical presentation, diagnostic investigations, and clinical course of fulminant myocarditis after

COVID-19 vaccination.

• Patients with fulminant myocarditis after COVID-19 vaccination might recover completely with short-term high-dose steroid therapy
and mechanical cardiac support, as with fulminant lymphocytic myocarditis.

Introduction
COVID-19 vaccines have shown great success in protecting
people worldwide, and the mRNA-1273 vaccine (Moderna,
Cambridge, MA, USA) is one of the most widely used of

these vaccines. Although there have been some reports of myo-
carditis after COVID-19 vaccination,1–5 it is rarely fulminant.
Here, we report a case of fulminant myocarditis after mRNA-1273
vaccination in a young male with a previous COVID-19
infection.
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Clinical timeline. The patient’s clinical course and management during
the acute phase ofmyocarditis. After startingmechanical cardiac support
(MCS) and intravenous drugs, including methylprednisolone (mPSL),
dopamine (DOA), and dobutamine (DOB), levels of creatine kinase
(CK) and troponin T (TnT) decreased quickly, and the patient was
weaned fromMCS on day 5. Left ventricular ejection fraction (LVEF) im-
proved on day 6 from 10 to 55%. IABP= intra-aortic balloon pump,
VA-ECMO= venoarterial extracorporeal membrane oxygenation.

Timeline

Case presentation
A 32-year-old male was admitted for persistent fever (37.3°C) and
upper abdominal pain 5 days after mRNA-1273 vaccination (first
dose). Vital signs evaluation showed a blood pressure of 88/
60 mmHg, heart rate of 133 beats/min, tachypnoea (37 breaths/
min), and oxygen saturation of 99% on room air. He had a prior med-
ical history of COVID-19 infection 9 months earlier.

On arrival at the hospital, laboratory blood tests showed elevated
levels of inflammatory markers like white blood cells at 9400/μL
(normal range, 3300–8600/µL) and C-reactive protein at 1.35 mg/
dL (normal range, <0.14 mg/dL) and cardiac biomarkers like creatine
kinase at 465 U/L (normal range, 41 to 153 U/L) and troponin T at
3444 ng/L (normal range, <14 ng/L). Chest X-ray showed cardio-
megaly without obvious pulmonary congestion or pleural effusion
(Figure 1A). Electrocardiogram showed sinus tachycardia with
ST-segment elevation in leads II, aVF, and V1 to V3 (Figure 1B).
Echocardiography showed diffuse hypokinesis of the left ventricle
and a left ventricular ejection fraction (LVEF) of 20% (see
Supplementary material online, Video S1). Emergency coronary angi-
ography which was performed to exclude acute coronary syndrome
showed normal coronary arteries, and endomyocardial biopsy was
performed.

Several hours later, in the intensive care unit, the patient acutely
developed respiratory failure and cardiogenic shock with ventricular

tachycardia. Hence, he was intubated and given mechanical cardiac
support with venoarterial extracorporeal membrane oxygenation
(VA-ECMO) and intra-aortic balloon pump (IABP). He received
intravenous infusions of dopamine 5 μg/kg/min and dobutamine
3 μg/kg/min, and intravenous furosemide 40 mg/day and steroid
pulses of 1000 mg/day for 3 days. Echocardiography on day 4
showed improved left ventricular function (LVEF 32%), and he was
weaned from VA-ECMO and IABP on day 5. The patient was extu-
bated on day 8 and discharged from the intensive care unit on day 12.
Echocardiography on day 15 showed recovery of left ventricular

function (LVEF 65%) (see Supplementary material online, Video S2).
Cardiac magnetic resonance imaging on day 16 showed recovery
of LVEF to 49% without focal myocardial oedema and no significant
late gadolinium enhancement lesions in the myocardium (Figure 2).
The patient recovered completely and was discharged on Day 22.
Endomyocardial biopsy results were as follows: There was a high

degree of inflammatory cell infiltration with a predominance of
CD3-positive T lymphocytes mixed with histiocytes and eosinophils
in the myocardial interstitium, together with partial myocyte damage.
There was also mild fibrosis in the interstitium. There were no
epithelioid cell granulomas or giant cells, consistent with the findings
of lymphocytic myocarditis (Figure 3). A real-time polymerase chain
reaction (PCR) test did not detect any viral genomes in the tissue
specimens.

Discussion
COVID-19 vaccine-associated myocarditis is rare; among the previ-
ous reports of myocarditis caused by BNT162b2, only one case was
fulminant.1 The condition has been epidemiologically reported to be
more common in young males, more frequent with mRNA-1273
than BNT162b2, and more common following the second dose
than the first dose of vaccination, although the mechanism is unfor-
tunately unknown at present.2,3
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In our patient, a PCR test was negative for severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2). Serum
serologic tests showed no evidence of active parvovirus, echo-
virus, adenovirus, Epstein Barr virus, influenza A and B viruses,
cytomegalovirus, and coxsackievirus. Endomyocardial biopsy did
not reveal any viral genomes using a multivirus real-time PCR sys-
tem, which has the potential to detect 163 human viruses.6 In this
case, the results of a PCR test for SARS-CoV-2, serum serologic
test, coronary angiography, findings of endomyocardial biopsy,

and the patient’s clinical course suggested a diagnosis of
vaccine-associated fulminant myocarditis.
Regarding the management of this case, the patient was treated

with high-dose intravenous corticosteroids for 3 days, with subse-
quent rapid tapering of the dose over 7 days, in consideration of
the fact that it was vaccine-associated myocarditis based on the med-
ical history, which resulted in a good outcome. The high intravenous
pulse doses of corticosteroids might have been effective as immuno-
suppressive therapy in this case.7

Figure 1 Chest X-ray and electrocardiogram on admission. (A) Chest X-ray showed cardiomegaly without obvious pulmonary congestion or
pleural effusion, and (B) electrocardiogram showed sinus tachycardia with ST-segment elevation in leads II, aVF, and V1 to V3.

Figure 2 Magnetic resonance imaging. Cardiac magnetic resonance imaging on day 16 showed preserved left ventricular ejection fraction without
focal myocardial oedema and no significant late gadolinium enhancement lesions in the myocardium.
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The relationship between previous COVID-19 infection and
vaccine-associated myocarditis is an interesting point of discussion.
A previous case report of post-vaccine myocarditis in a patient pre-
viously infected with COVID-19 highlighted a potential relationship
between the second dose of COVID-19 vaccination and acute myo-
carditis in otherwise healthy patients with previous exposure to
COVID-19 infection.4 In a case series report, three of the 23 patients

developed myocarditis after the first vaccination, and all three had a
history of COVID-19 infection.5 It has also been reported that vac-
cinating people with a history of COVID-19 infection results in high-
er titres and more adverse reactions than those without a history of
COVID-19 infection.8 Although the mechanism of COVID-19
vaccine-associated myocarditis has not been clarified, immune cross-
reaction based on structural homology between the viral antigen and

Figure 3 Endomyocardial biopsy. Inflammatory cell infiltration and fibrosis were observed with haematoxylin-eosin staining (A, B) and
Masson-trichrome staining (C ). Although CD3+ T cells and CD68 +macrophages were observed in the myocardial interstitium (D, E), not many
CD20+ B cells were observed (F ).
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myocardial proteins, that is, molecular mimicry theory, and
immune-inflammatory response has been proposed.9,10 Based on
these reports, it is possible that in this case, although 9 months
had passed since the COVID-19 infection, the first vaccine dose pro-
duced the same level of antibodies as would be expected with a se-
cond vaccine dose, resulting in a stronger reaction.

In this case of fulminant myocarditis after COVID-19 vaccination,
endomyocardial biopsy results showed many CD3- and
CD68-positive inflammatory cell infiltrates in the myocardial intersti-
tium, which was consistent with lymphocytic myocarditis.

In conclusion, we described a case of fulminant myocarditis that
developed soon after mRNA-1273 vaccination in a young male
with a prior history of COVID-19 infection. Although endomyocar-
dial biopsy revealed numerous lymphocytic infiltrates, the mechan-
ism of fulminant myocarditis after mRNA-1273 vaccination is still
unclear and remains to be elucidated.
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