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Case Report 

Coronavirus disease (COVID-19) associated delayed-onset fulminant 
myocarditis in patient with a history of severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) infection 
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A B S T R A C T   

A healthy 35-year-old man was admitted to a rural hospital with coronavirus disease (COVID-19). During 14 days 
of hospitalization, he had no symptoms and was not given supplemental oxygen. About 3 weeks after discharge, 
he was re-admitted to the same hospital with new-onset continuous fever and general weakness. At the time of 
his second admission, severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) RT-PCR was performed on 
a retro-nasal swab and the result was negative. Four days after admission, the patient was transferred to our 
intensive care unit (ICU) following deterioration of his respiratory and haemodynamic conditions, where he 
received mechanical ventilation, intra-aortic balloon pumping, and veno-arterial extracorporeal membrane 
oxygenation. A nasopharyngeal swab was obtained again at ICU admission, but RT-PCR was negative for SARS- 
CoV-2. All antibody titres measured against other viruses were low. Blood cultures were negative, and no bac-
teria were observed in sputum samples. However, SARS-CoV-2 RNA was detected by RT-PCR from sections 
obtained by myocardial biopsy. The patient’s final diagnosis was delayed-onset SARS-CoV-2-induced fulminant 
myocarditis (FM). We strongly suggested that one of the proposed mechanisms of COVID-19-related myocardial 
injury will be the direct invasion of SARS-CoV-2 into cardiomyocytes even if delayed-onset. And this is the first 
case of delayed-onset FM in which diagnosis of active myocarditis was proven by pathological examination 
following endomyocardial biopsy and SARS-CoV-2 was detected in the myocardium by RT-PCR.   
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1. Introduction 

At the end of 2019, an outbreak of pneumonia caused by severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) occurred in Wuhan, 
China. The outbreak rapidly spread across China and subsequently 
became a worldwide pandemic. The World Health Organization named 
the pandemic syndrome caused by SARS-CoV-2 coronavirus disease 

2019 (COVID-19) [1]. 
It is now well established that many COVID-19 patients, especially 

those with severe disease, experience complications including acute 
respiratory distress syndrome (ARDS), shock, coagulation/fibrinolysis 
abnormalities, stroke, acute kidney injury, and acute cardiac injury [2]. 
And cardiovascular complications occur in 7.2% [2]. Thus, cardiovas-
cular complications are not infrequent in COVID-19 patients. However, 
to date only elevated cardiac troponin I (TropI) levels and arrhythmia 
have been reported in COVID-19 patients, and no specific investigations 
of the effects of SARS-CoV-2 infection on the cardiovascular system have 
been conducted [3]. 
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Here, we describe the first case of delayed-onset fulminant myocar-
ditis (FM) in which diagnosis of active myocarditis was proven by 
pathological examination following endomyocardial biopsy and SARS- 
CoV-2 was detected in the myocardium by RT-PCR over 3 weeks after 
complete recovery from COVID-19. 

2. Case report 

Seven days after onset of upper respiratory tract symptoms, a healthy 
35-year-old man was consulted at a rural hospital. He had no medical 
history of cardiovascular disease or cardiovascular risk factors. He was 
diagnosed with COVID-19 after SARS-CoV-2 was detected by RT-PCR 
from a nasopharyngeal swab sample. He was admitted to the rural 
hospital. During admission, he denied chest pain, dyspnoea, and other 
symptoms, and was not given supplemental oxygen. He was discharged 
and returned home on the 14th day after admission. 

About 3 weeks after discharge, he was re-admitted to the same 
hospital with new-onset continuous fever and general weakness. At his 
second admission, SARS-CoV-2 RT-PCR was performed on a retro-nasal 
swab and the result was negative. Four days after admission, he was 
transferred to our intensive care unit following a sudden deterioration in 
respiratory and hemodynamic conditions. On arrival to the ICU under 
mechanical ventilation, physical examination revealed a blood pressure 
of 73/34 mmHg (during administration of 0.3 γ of noradrenaline and 2 
units/hour of vasopressin by continuous intravenous injection), a heart 
rate of 147 bpm, and a body temperature of 36.6 ◦C. Arterial blood gas 
analysis showed oxygen partial pressure of 82 mmHg, carbon dioxide 
partial pressure of 32 mmHg, and a PaO2/FiO2 ratio of 166 (Fig. 1). 

An electrocardiogram (Fig. 2A) revealed sinus tachycardia of 160 
bpm and no ST-segment elevation in any leads. A transthoracic echo-
cardiogram (Fig. 2B) revealed diffuse severe hypokinesis, severe left 
ventricular dysfunction (left ventricular ejection fraction of 7.4%) 
(Fig. 3A), and no evidence of valvular heart disease. Thoracic computed 
tomography (Fig. 2C) revealed no signs of SARS-CoV-2 pneumonia such 
as ground-glass changes, but dense opacity on both dorsal surfaces 
caused by compressive atelectasis. His blood leukocyte count was 
18,600/μL (neutrophils 94.8%, eosinophils 0.1%, and lymphocytes 
3.0%). Levels of blood cardiac biomarkers were elevated including 
creatine kinase (2254 U/L, normal range 59–248 U/L) (Fig. 3B), cardiac 
high-sensitivity troponin I (31,516 pg/mL, normal level ≤ 30 pg/mL) 
(Fig. 3C), and brain-type natriuretic peptide (3905 pg/mL, normal level 
≤18.4 pg/mL). Blood levels of interleukin (IL)-6 were elevated at 533.3 
pg/mL (normal level ≤ 4.0 pg/mL); the highest level of IL-6 observed 
during his ICU stay was 593.3 pg/mL (Fig. 3D). In addition, creatinine 
(5.47 mg/dL), total bilirubin (1.7 mg/dL), and C-reactive protein (57.5 

mg/dL) were elevated. Immediately after admission a percutaneous 
coronary intervention was performed and confirmed that the coronary 
arteries were normal, with no significant stenosis observed by coronary 
angiogram. Myocardial biopsy demonstrated diffuse lymphocyte infil-
tration in the interstitium of the myocardial tissue (Fig. 4A) as well as 
atrophy and shedding degeneration of myofibrils (Fig. 4B). No 
myocardial necrosis, giant cells, or eosinophilic infiltrates were 
observed by light microscopy. Finally, the patient was diagnosed with 
acute lymphocytic FM. Because of the ongoing COVID-19 pandemic, a 
nasopharyngeal swab was obtained but tested negative by RT-PCR for 
SARS-CoV-2. Antibody tests in the blood were performed using a rapid 
qualitative test kit (One Step Novel Coronavirus (COVID-19) IgM/IgG 
Antibody Test Kit, Artron Laboratories Inc., Burnaby, Canada). The 
result was positive for SARS-CoV-2 IgG but negative for IgM. All anti-
body titers measured against other viruses, including influenza A and B, 
mumps virus, herpes simplex virus, varicella-zoster virus, cytomegalo-
virus, Epstein-Barr virus, adenovirus, and coxackie virus, were low. 
SARS-CoV-2 spike and nucleocapsid protein transcripts were detected 
by RT-PCR from sections obtained by myocardial biopsy (spike: 731 
copies, nucleocapsid: 4026 copies, and human glyceraldehyde 3-phos-
phate dehydrogenase: 410 copies per 1 ng total RNA). 

Given the severity of his cardiogenic shock, the patient underwent 
intra-aortic balloon pumping (IABP) and veno-arterial extracorporeal 
membrane oxygenation (V-A ECMO). He was also treated with intra-
venous immunoglobulin, steroids, continuous renal replacement ther-
apy (CRRT) and antiviral therapy (intravenous injection of nafamostat 
mesylate [4,5] as an anticoagulant for CRRT) (Fig. 1). 

The patient ultimately recovered ventricular function and withdrew 
from V-A ECMO, IABP, mechanical ventilation, and CRRT 1–2 weeks 
after admission. 

The final diagnosis was delayed SARS-CoV-2-induced FM based on 
the detection of SARS-CoV-2 in pathological specimens of the myocar-
dium by RT-PCR. The patient was transferred to the previous hospital for 
rehabilitation on the 24th day after admission. 

3. Discussion 

In nearly all previously published cases, acute heart failure and/or 
left ventricular dysfunction occurred within the first week following the 
initial symptoms of COVID-19 [6]. Only two cases had delays of 
approximately 4 and 6 weeks, respectively, from initial 
COVID-19-related symptoms to the onset of acute heart failure [6,7]. 
Our case had a delay of over 3 weeks from initial COVID-19 symptoms to 
onset of FM. 

A few case reports of acute heart failure and/or left ventricular 

Fig. 1. Clinical course of the patient in intensive 
care unit. 
On arrival to the ICU, his respiratory and hemo-
dynamic conditions were extremely severe. VA- 
ECMO, venoarterial-extracorporeal membrane 
oxygenation; IABP, intra aortic balloon pumping; 
CRRT, continuous renal replacement therapy; 
DOB, dobutamine; NAD, noradrenaline; HR, 
heart rate; SBP, systolic blood pressure; LVEF, left 
ventricular ejection fraction;TropI, Troponin I.   
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dysfunction with abnormalities on cardiac magnetic resonance imaging 
suggestive of myocarditis have been published in the setting of acute 
SARS-CoV-2 infection; however, diagnosis of active myocarditis was 
proven by pathological examination following endomyocardial biopsy 
in only two cases [6,8]. In our case, diagnosis of active myocarditis was 
made by pathological examination following endocardial myocardial 
biopsy. 

For the previous two patients who developed acute heart failure 
more than a month after the first COVID-19-related symptoms, one case 
reported by Nicol et al. [6], RT-PCR was performed using frozen 
myocardial fragments to exhaustively search for viruses. SARS-CoV-2 
was not detected. The other case reported by Spano et al. [7], RT-PCR 
was not performed for the purpose of detecting SARS-CoV-2. We 
detected SARS-CoV-2 by RT-PCR in pathological specimens of the 
myocardium from our patient. For the above reasons, we concluded that 
ours was the first case of laboratory-confirmed FM. However, the 
mechanism of delayed FM in COVID-19 patients remains unclear at this 
time. 

FM is a rare clinical syndrome with features of cardiac inflammation, 
and has a high mortality rate of approximately 30% at 60 days [9]. Acute 
myocarditis is an inflammatory disease of the myocardium most often 
resulting from viral infections or autoimmune disorders [10]. Since Zing 
et al. reported the first case of COVID-19 with FM [11], several addi-
tional cases of COVID-19-associated FM have been reported including in 
a healthy young patient [12] and an infant [13]. Some authors have 
argued that up to 7% of COVID-19-related deaths were attributable to 
myocarditis [14]. The case reported here had a sudden disease onset, 
obvious symptoms of viral infection, rapid emergence of severe hemo-
dynamic disorders, severe myocardial injury, and diffuse decreased 
ventricular wall movement. These features are all in accordance with the 
diagnostic criteria for FM [10]. The pathophysiological mechanisms 

underlying the myocardial injuries caused by COVID-19 are not well 
understood so far. We suggested the mechanisms of cardiovascular 
complications associated with COVID-19 as follow: (i) direct 
SARS-CoV-2 invasion of the myocardium, (ii) systemic inflammation 
mediated by acute systemic inflammatory responses and cytokine 
storms, (iii) altered myocardial demand supply ratio, plaque rupture, 
and coronary thrombosis, (iv) adverse effects of various therapies, 
and/or (v) electrolyte imbalances. In general, viral infections are the 
most common causes of myocarditis [15,16]. Therefore, we suspected 
that one potential mechanism of SARS-CoV-2-induced myocardial injury 
in our patient was direct SARS-CoV-2 invasion of the myocardium. 
SARS-CoV-2 is an enveloped RNA betacoronavirus in the same family as 
SARS-CoV. In humans, SARS-CoV infection of the myocardium is 
dependent on expression of ACE2 receptors. Oudit et al. [17] reported 
that SARS-CoV viral RNA was detected in autopsied human heart sam-
ples, suggesting direct viral invasion of myocytes. The authors hypoth-
esized that interaction between SARS-CoV and ACE2 in the heart 
contributed to SARS-mediated myocardial inflammation. On the basis of 
these results, we suspected that direct invasion of the myocardium by 
SARS-CoV-2, mediated by interactions between SARS-CoV-2 and ACE2, 
contributes to myocardial injury. This pathophysiological mechanism of 
myocardial injury following COVID-19 may be a characteristic of 
SARS-CoV-2-induced FM. 

IL-6 levels in this case reported here never exceeded 600 pg/mL 
during his ICU stay. These values are not high enough to be called a 
cytokine storm. Leisman et al. [18]. Proposed that IL-6 concentrations in 
patients with severe or critical COVID-19 were significantly lower than 
in patients with sepsis or ARDS unrelated to COVID-19. Thus, the role of 
a cytokine storm in COVID-19-induced FM may be questionable. 

Previously, SARS-CoV RNA was detected in 35% (7⁄20) of autopsied 
human heart samples, and a marked increase in macrophage infiltration 

Fig. 2. Electrocardiographic, Transthoracic echocardiogram, and Thoracic computerized tomography findings on the day of admission. A, Electrocardiogram 
showing sinus tachycardia and no ST-segment elevation. B, Transthoracic echocardiogram showing diffuse severe hypokinesis, left ventricle with severely reduced 
systolic function, ejection fraction of 7.4%, no valvular heart disease, and a small pericardial effusion in the posterior opposite. C, Thoracic computerized tomography 
scan showing absence of typical ground-glass changes and ARDS on both sides of the back. 
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with evidence of myocardial damage was observed in patients with 
detectable SARS-CoV RNA [19]. Diagnosis of FM can be aided through 
use of biomarkers and cardiac imaging. However, endocardial biopsy 
remains the gold standard, although its sensitivity may be limited by 
patchy distribution of inflammatory infiltrates [20]. In this case we 
performed endocardial biopsy, and SARS-CoV-2 RNA was detected by 
RT-PCR. Kesici et al. [13]. Previously reported that SARS-CoV-2 RT-PCR 
was positive in the myocardium from a patient with COVID-19-related 
FM. 

In conclusion, we suggest that a potential mechanism of FM in 

COVID-19 patients may be direct SARS-CoV-2 invasion of the myocar-
dium. Therefore, clinicians should remain vigilant for delayed-onset 
COVID-19-associated FM even after patients have completely recov-
ered from COVID-19. 

Funding 

This case report did not receive any specific grant from funding 
agencies in the public, commercial, or not-for-profit sectors. 

Fig. 3. Assessment of markers of myocardial injury and ejection fraction in the patient over time. An increase in ejection fraction was observed (A), while CK (B) and 
TropI (C) decreased gradually. Blood levels of IL-6 were elevated at 533.3 pg/mL (D); the highest value of IL-6 observed during the patient’s ICU stay was 593 pg/mL. 
CK; creatine kinase, TropI; troponin I, IL-6; interleukin-6. 

Fig. 4. Myocardial pathological specimen findings. Myocardial pathological specimen demonstrating diffuse lymphocyte infiltration in the interstitium of the 
myocardial tissue (A; white arrow) as well as atrophy and shedding degeneration of myofibrils (B; white arrowhead). Scale bar, 50 μm. 
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Consent for publication 

Because of the unique and potentially identifiable characteristics of 
COVID-19, we obtained signed informed consent from the patient in 
accordance with the Declaration of Helsinki for publication of this case 
report. A copy of the informed consent document can be provided upon 
request. 
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