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Abstract
Myocardial involvement has been described during previous SARS and MERS outbreaks. Infection by SARS-CoV-2 (COVID-
19) can range from asymptomatic to life-threatening multi-system disease. Heart involvement most commonly occurs during
severe COVID-19 infection. Myocardial injury, based on elevated levels of myocardial enzymes, has been noted in up to 30% of
patients with COVID-19 infection and could be a marker for worse prognosis. A few cases of possible myocarditis due to SARS-
CoV-2 have been described, providing variable degree of evidence of direct myocardial involvement. We reviewed in detail
those cases in comparison to relevant literature on SARS and MERS and attempted to draw initial conclusions in regard to
clinical presentation, treatment and prognosis.
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Introduction

Infection by the new coronavirus SARS-CoV-2 (COVID-19
infection) is a multi-systemic illness [1]. Cardiac injury has
been reported in 20% to 30% of hospitalised patients [2].
Reported cardiac involvement includes arrhythmias, acute
myocardial infarction, heart failure and cardiogenic shock
[2], (https://www.escardio.org/Education/COVID-19-and-
Cardiology/ESC-COVID-19-Guidance).

Acute myocarditis is another condition which has been
reported to complicate the COVID-19 infection [3]. Ten cases
have been reported so far. Cases of acute myocarditis have
been previously attributed to other coronaviruses such as
SARS-CoV and MERS-CoV [4, 5]. In fact, postmortem
real-time polymerase chain reaction analyses of heart tissue
from the SARS epidemic, detected the viral genome in 35% of
patients (n = 7/20) who died from SARS (https://www.
escardio.org/Education/COVID-19-and-Cardiology/ESC-
COVID-19-Guidance). SARS-COV-2 mRNA has also been
detected in autopsy specimens as well as endomyocardial bi-
opsies in patients with suspected myocarditis. [6, 7]

Pathogenesis of Myocardial Injury

Increases in troponin I and CK-MB, which are suggestive of
myocardial injury, are frequent findings in COVID 19 disease
and associated with adverse prognosis. Huang et al. reported
that 31% of patients with COVID-19 hospitalised in ICU had
an increase in troponin I compared to 4% of non-ICU patients
[8]. In a meta-analysis, including 341 patients, levels of tro-
ponin I were significantly increased in critically ill patients as
opposed to those with milder illness [9]. Suggested mecha-
nisms of myocardial injury during COVID-19 infection are
the following:
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1. Direct injury through connection to ACE2 receptors that
are expressed in the myocardium.

2. Indirect injury due to the systemic inflammatory response
syndrome (SIRS) and the cytokine storm that the infection
provokes [10].

3. Infection-induced vasculitis attributed either to contami-
nation of the endothelial cells or to immunological re-
sponse [3].

Binding to ACE2 receptors is the entrance point of SARS-
CoV-2. These receptors are expressed, among others, in the
epithelial cells of lungs, heart and enterocytes [10, 11]. These
same receptors were also found to be the entrance point of
SARS-CoV. Both viruses seem to be able to modulate the
ACE2 myocardial and pulmonary pathways, leading to in-
flammation of the heart, pulmonary oedema and acute respi-
ratory failure [12]. Myocardial inflammation in SARS-CoV
infection can also be mediated by macrophages entering the
myocardial tissue and producing cytokines [4].

Clinical Presentation—Symptoms and Signs

Acute myocarditis may present with chest pain, fever, dys-
pnoea, signs of heart failure and ECG abnormalities like ST-
interval or T-wave changes. [13]

SARS-CoV-2We reviewed ten published case reports of infec-
tion by SARS-CoV-2, presenting as acute myocarditis
[14–23]. The cases included 6 male and 3 female patients,
aged between 17 and 69 years. In one case, a 17 year old male,
eosinophilic myocarditis was diagnosed postmortem after
experiencing out of hospital cardiac arrest. Five of the patients
presented with chest pain [14, 15, 19, 21, 23]. Dyspnoea was
another main symptom reported in 6 cases [15, 16, 18, 21–23].
More details regarding their clinical presentation are presented
in Table 1.

MERS-CoV We found a single case report involving a MERS-
CoV infection complicated with acute myocarditis. The case
involved a 60-year-old man who presented with pneumonia
and congestive heart failure. Main symptoms were fever, dys-
pnoea, cough with sputum and left-sided chest pain. On clin-
ical examination he had widespread crackles and elevated
jugular venous pressure [5].

Laboratory Findings

SARS-CoV-2 All reported cases (except the case which includ-
ed the 17-year-old patient) presented with increased levels of
troponin ranging from 590 to 11.000 ng/L [14–23]. Four of
them had elevated NT-pro-BNP levels that ranged between

1300 and 8465 pg/ml [16–19] and two had elevated NT-
BNP levels which peak accounted for 22.600 pg/ml [15,
21]. Other markers suggestive of myocardial injury that were
found elevated in certain patients were myoglobin and CK-
MB [15, 17, 21]. Detailed information on laboratory findings
is available in Table 2.

Regarding the full blood count leukocytosis and
lymphocytopenia were noticeable in four patients. These find-
ings are common among COVID-19 patients and can predict
the severity of the infection [24].

Patients with COVID-19 and acute myocarditis were also
found to have increased levels of IL-6, IL-1β and IL-10 [15,
17, 25]. The virus is known to induce production of IL-6 and
IL-1, among other cytokines, through at least 2 distinct path-
ways, as recently described [26].

Electrocardiogram was available in all 9 patients. ST-
segment elevation was evident in 3 cases [17, 19, 21] and T-
wave inversion in 2 cases [17, 22] while the rest had non-
specific findings such as sinus tachycardia, intraventricular
conduction delay or non-specific repolarization abnormalities.

Echocardiography revealed a wide range of findings.
Seven out of nine patients had moderate to severe left ventric-
ular dysfunction (left ventricular ejection fraction ranging be-
tween 25 and 40%) [15, 17, 19, 21, 23]. Other findings in-
cluded increased wall thickness, hypokinesia and pericardial
effusion [15, 17–19, 21, 23].

Definite diagnosis with cardiovascular magnetic resonance
was available in six cases. Myocardial oedema and late gado-
linium enhancement demonstrated in all cases [14, 16–18, 22,
23]. More information regarding investigations is available in
Table 3.

SARS-CoV SARS-CoV infection can also be complicated with
acute myocarditis as indicated by SARS-CoV genome detect-
ed in the heart tissue [3]. A 30-day follow-up study measured
cardiac output in patients infected by SARS-CoV during
hospitalisation and at follow-up. Measurements were signifi-
cantly lower during hospitalisation. Infection-induced myo-
carditis may lead to myocardial dysfunction [27].

MERS-CoV Acute myocarditis can also be one of the manifes-
tations caused by MERS-CoV. A case presented with in-
creased troponin I and pro-BNP levels. ECG showed diffuse
T-wave inversions and echocardiography revealed severe left
ventricular systolic dysfunction. MRI findings were in accor-
dance with clinical suspicion revealing myocardial oedema
and late gadolinium enhancement (LGE) [5].

Pathologic Findings

The 17-year old patient who had the postmortem diagnosis of
COVID-19 had undergone autopsy. The microscopic
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examination of the heart revealed biventricular necrosis and
infiltration of inflammatory cells, mostly eosinophils [20].
Sporadic in other cases cardiac biopsies have revealed lym-
phocytes and other inflammatory cells residing in the myocar-
dium [28].

Treatment

SARS-CoV-2 Almost all patients received corticosteroids as
part of their treatment [15, 17–19, 21, 22]. IV methylprednis-
olone was the drug of choice. Corticosteroids (namely dexa-
methasone) are included in a recently proposed therapeutic
algorithm from Athens, Greece [29] and have been shown to
offer a survival advantage in severe COVID-19 infection ac-
cording to a recent announcement by the RECOVERY inves-
tigators (https://www.recoverytrial.net/news/low-cost-
dexamethasone-reduces-death-by-up-to-one-third-in-
hospitalised-patients-with-severe-respiratory-complications-
of-covid-19). Immunoglobulin [15, 19, 21] and anti-viral ther-
apy were administered to less than half of the patients. Anti-
viral therapy included lopinavir/ritonavir (400 mg/100 mg)
and was administered twice daily [15, 17, 19]. Additionally,
two out of seven patients required ECMO during their
hospitalisation [15, 19]. A detailed course of treatment of each
case is presented in Table 4.

MERS-CoV The only reported case presenting with acute myo-
carditis received broad-spectrum antibiotics and IV furose-
mide [5].

Prognosis

SARS-CoV-2 Among the aforementioned cases with COVID-
19 two died, the 17-year-old patient who experienced out of
hospital cardiac arrest and a patient who recovered from ful-
minant myocarditis only to die at the 33rd day of his hospital-
ization due to secondary infection [14, 20]. The rest of the
patients improved within several days (6–20 days). Their tro-
ponin levels dropped [14, 21], the LVEF improved [17, 18,
23] and myocardial wall thickness was restored [17].

SARS-CoV Patients with SARS-COV infection and traceable
genome of the virus in their heart tissue had poorer prognosis
compared to those with non-traceable virus. The latter’s
shorter hospitalisation period (7 days vs. 13 days) indicates
that cardiac involvement may lead to severe illness and earlier
death [4].

MERS-CoV The only registered case with MERS-COV infec-
tion complicated with acute myocarditis showed noTa
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improvement in left ventricular systolic function 3 months
after being discharged [5].

Conclusions

Previous experience with SARS-CoV and current reports of
COVID-19 infection mandate a high level of clinical suspi-
cion for cardiovascular involvement, myocardial injury and
possibly acute myocarditis. Diagnosis of acute myocarditis
as a result of COVID-19 may be challenging for clinicians.
High levels of troponin I and NT-BNP along with ECG ab-
normalities and the appropriate clinical context should raise
suspicion. Cardiac magnetic resonance has proven to be a
useful diagnostic tool in acute myocarditis cases. So far, most
patients have favourable outcomes but the limited data cannot
allow us to draw safe conclusions.
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