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A 72-year-old patient was admitted to the intensive care unit due to acute respiratory distress syndrome
caused by COVID-19. On day 20, the patient experienced shock. The electrocardiogram showed ST seg-
ment elevation in leads V3-V6 and severe left ventricular dysfunction with an ejection fraction of 35%-
40%. The left ventricle showed basal hypokinesis and apical akinesis, while the creatine kinase level was
normal, indicating Takotsubo cardiomyopathy. On day 24, the patient died of multiple organ failure. In
post-mortem biopsy, SARS-CoV-2 antigen was detected in cardiomyocytes by immunostaining. Moreover,
SARS-CoV-2 RNA was detected in heart tissue. We need to further analyse the direct link between SARS-
CoV-2 and cardiomyocytes.

© 2021 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious

Diseases.

This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)

Introduction

Acute cardiac injury (ACI) is a common complication of COVID-
19 and is associated with COVID-19 severity and mortality (Li et al.,
2020). However, the pathogenesis of ACI remains unknown. More-
over, it is unclear whether ACI observed in patients with COVID-
19 directly results from viral infection of the cardiomyocytes, as
recent preprint data (Siddiq et al., 2020) indicate that interleukin
with SARS-CoV-2 infection can directly affect cardiomyocytes in
COVID-19 patients; however, definitive evidence of the presence
of the virus in cardiomyocytes is lacking in patients with COVID-
19. Postmortem biopsied samples of a patient with COVID-19 and
ACI were investigated, and the genome of SARS-CoV-2 was de-
tected in the cardiac tissue using real-time reverse transcription-
polymerase chain reaction (RT-PCR). In addition, SARS-CoV-2 anti-
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gens and genome were detected in cardiomyocytes using immuno-
histochemistry and in situ hybridization, respectively.

Case presentation

A 72-year-old man was receiving treatment for follicular lym-
phoma with steroids and chemotherapy in another hospital. His
cardiac function was normal, and his ventricular ejection fraction
(EF) was 75.6%. During hospitalization, he was infected with SARS-
CoV-2 from a patient in another ward. On the day after fever on-
set, a nasopharyngeal swab sample was obtained and tested us-
ing RT-PCR. The RT-PCR was positive for SARS-CoV-2 RNA, and a
chest computed tomography scan showed ground-glass opacity in
the lung. Therefore, he was diagnosed with COVID-19 pneumonia
and treated with dexamethasone and remdesivir. On day 24 after
onset, acute respiratory distress syndrome was confirmed, and he
was intubated. On day 25 after onset, the patient was transferred
to our intensive care unit (ICU). On day 1 in the ICU, an electro-
cardiogram showed sinus bradycardia (Figure S1-A); the laboratory
tests are shown in Table S1. His troponin I level was high, but other
laboratory findings did not show evidence of myocardial damage.
He was treated with dexamethasone, remdesivir, blood purifica-
tion, prone therapy, and mechanical ventilation following a lung-
protective strategy. On day 20, an electrocardiogram showed V3-
V6 ST elevation (Figure S1-B) and apical akinetic expansion with
hypokinesia of the mid-ventricular segment, which brought his EF
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Figure 1. Localization of SARS-CoV-2 in heart tissue. (A, B) Haematoxylin and eosin (HE) staining and immunohistochemistry for SARS-CoV-2 in serial sections of the heart.
SARS-CoV-2 is detected in myocardial cells. (C) In situ hybridization for SARS-CoV-2. Red signals are positive for SARS-CoV-2. (D-L) Double immunofluorescence assay in the
heart. SARS-CoV-2 antigen is detected in HHF35 (muscle actin) antibody (Dako)-positive cells; however, it is rarely observed in CD68 (PGM1, macrophage)-positive cells and
CD34 (endothelial cells)-positive cells. The red, green, and blue signals indicate Alexa 568, 468, and DAPI, respectively. SARS-CoV-2 proteins were labelled with Alexa 468 in

panels (D-I) and Alexa 568 in panels (J-L).

to 35%-40%. However, blood tests showed no creatine kinase ele-
vation, and the troponin I level was slightly increased (Table S1).
Takotsubo cardiomyopathy (TTC) was suspected based on these re-
sults, and catecholamine support was administered to stabilize his
haemodynamics. SARS-CoV-2 RT-PCR tests of the nasopharynx re-
mained positive during his ICU stay, and the patient died of mul-
tiple organ failure (MOF) on day 24. A postmortem biopsy was
performed on the lung, liver, heart, kidney, and sigmoid colon 1
hour after his death. Histologically, lung sections showed the orga-
nizing phase of diffuse alveolar damage with alveolar septal fibro-
sis and type Il pneumocyte hyperplasia (Figure S2). Inflammatory
cell infiltration and oedema were observed in the interstitium, and
thrombi were observed in the pulmonary arteries. A double im-
munofluorescence assay (Adachi et al., 2020) detected SARS-CoV-2
antigens in anti-epithelial membrane antigen-positive alveolar or
bronchiolar epithelial cells. Heart sections showed focal interstitial
myxoid changes and mild fibrosis, but no remarkable changes were
observed in cardiac muscle cells. However, immunohistochemistry
and in situ hybridization revealed SARS-CoV-2-positive signals in
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the heart tissue (Figure 1). Immunofluorescence revealed that the
SARS-CoV-2-positive cells were muscle actin-positive, partially (ap-
proximately 20% in SARS-CoV-2-positive cells) CD34-positive, in-
dicating SARS-CoV-2 infection, predominantly in the cardiac mus-
cle cells. Immunohistochemistry detected SARS-CoV-2 antigens in
the liver, whereas hepatocytes did not show remarkable changes
in the haematoxylin and eosin staining (Figure S3). The kidney
showed minor glomerular abnormalities with global sclerosis and
chronic tubulointerstitial damage. The colon showed focal erosions
with mild inflammation. SARS-CoV-2 antigens were not detected
in kidney or colon samples. The copy numbers of SARS-CoV-2 RNA
and human glyceraldehyde-3-phosphate dehydrogenase mRNA in
specimens were determined using RT-PCR, as described previously
(Adachi et al., 2020). SARS-CoV-2 RNA was detected in all sam-
ples, including the lung, kidney, heart, liver, and serum (Table 1).
High copy numbers of the virus were detected in lung samples,
corresponding to the immunohistochemistry results for SARS-CoV-
2 antigens. Whole genome sequencing of SARS-CoV-2 from organs
showed that several additional mutations were detected in the
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Table 1
SARS-CoV-2 and human GAPDH mRNA copy by real-time
RT-PCR.
Sample SARS-CoV-2  GAPDH  SARS-CoV-2
per 1 ng RNA
Lung 226159.7 288.5 1617.6
Liver 104362.6 265.2 186.9
Kidney 570.5 289.5 6.5
Heart 8514.6 17275 148.4
Colon 10185.1 4629 74.1
Serum? 7654.9* 12.3* 3000

# Sample is corrected to ICU day 16

* Copy number per 1 pL serumSARS-CoV-2, severe
acute respiratory syndrome coronavirus 2; RT-PCR, re-
verse transcription polymerase chain reaction; mRNA,
messenger ribonucleic acid; GAPDH, glyceraldehyde 3-
phosphate dehydrogenase; ICU, intensive care unit.

virus from the heart samples compared with the samples derived
from the lung, liver, and kidney (Table S2).

Discussion

The causes of ACI by SARS-CoV-2 are broadly classified into 2
mechanistic types: direct and indirect. The former refers to the di-
rect myocardial invasion of SARS-CoV-2 into the heart tissue me-
diated by angiotensin-converting enzyme 2 (ACE2), and the lat-
ter is either a cytokine storm or hypoxia-induced cardiac myocyte
apoptosis (Clerkin et al., 2020). Histopathological studies have re-
ported organotropism of SARS-CoV-2 beyond the respiratory tract,
including renal, myocardial, neurologic, pharyngeal, gastrointesti-
nal and ocular tissues; the pathophysiology underlying cardiovas-
cular manifestations is probably multifactorial (Gupta et al., 2020,
Eriksen et al., 2021). ACE2 is highly expressed in cardiovascular tis-
sues, including cardiac myocytes, fibroblasts, endothelial cells, and
smooth muscle cells (Gallagher et al., 2008, Hamming et al., 2004).
Oudit et al. hypothesized that the interaction between SARS-CoV
and ACE2 in the heart contributes to SARS-mediated myocardial
inflammation and damage. The authors reported that SARS-CoV-
2 RNA was detected in autopsied human heart samples, suggest-
ing direct myocyte invasion of the virus (Oudit et al., 2009). In an
in vitro study, SARS-CoV-2 infected cardiomyocytes in an ACE2-
and cathepsin-dependent manner (Bojkova et al., 2020). Tavazzi
et al. reported the biopsy-proven myocardial localization of viral
particles with characteristic morphology and size typical of coro-
naviruses in a patient with COVID-19 who presented with cardio-
genic shock; these particles were observed in structurally damaged
interstitial cells but not in cardiomyocytes (Tavazzi et al., 2020).
Bojkova et al. detected SARS-CoV-2 particles in cardiomyocytes
using heart tissue biopsy collected from a patient with COVID-
19 with reduced ventricular EF (Bojkova et al., 2020). This report
is the first to provide direct evidence of the localization of viral
antigens and genome in cardiomyocytes by immunohistochemistry
and in situ hybridization. Additional mutations of SARS-CoV-2 from
the heart suggest that virus replication occurs in the heart tissue.
These data imply that SARS-CoV-2 may directly injure cardiac tis-
sue of patients with immunodeficiency.

In the present case, the cause of heart failure was not clear,
but TTC was suspected based on echocardiogram and blood test
findings. The TTC mechanism may be associated with a cate-
cholamine surge, resulting in direct and indirect myocardial dam-
age (Pelliccia et al., 2017), but there is no specific histopathological
pattern in TTC (Castillo Rivera et al., 2011). The exact mechanism of
TTC in COVID-19 remains to be explained (Singh et al., 2020), but
the proportion of TTC is 4.2% (5 of 117) in patients with COVID-19
clinically diagnosed with TTC through transthoracic echocardiogra-
phy (Giustino et al., 2020). In our case, SARS-CoV-2 antigens were
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detected in multiple organs throughout the clinical course of 1
month, suggesting that the patient was in an immunocompromised
state. Furthermore, the serum sample contained a high amount of
the SARS-CoV-2 genome, which may be because the lung endothe-
lium was damaged by COVID-19 pneumonia, and viremia occurred.
The pathology of the SARS-CoV-2 infection in this patient indicates
that the ACI mechanism may be both direct and indirect.
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