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A B S T R A C T

The emergence of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the causative agent of
coronavirus disease 2019 (COVID-19), has reached pandemic levels. Cardiovascular complications in
COVID-19 have been reported frequently, however evidence for a causal relationship has not been
established. This report describes the detection of SARS-CoV-2 viral genomes in a patient with symptoms
of heart failure, in whom endomyocardial biopsy was investigated following a latency period of 4 weeks
after the onset of pulmonary symptoms. The viral infection was accompanied by myocardial
inflammation indicating an infection of the heart muscle.
© 2020 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).

Introduction

Since December 2019, severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) has rapidly became a worldwide
health emergency and has reached pandemic levels (Zhu et al.,
2020). The disease caused by SARS-CoV-2, coronavirus disease
2019 (COVID-19), which manifests mainly as a respiratory disease,
has alarmed not only pulmonologists, but also clinicians of other
disciplines. Clinical reports have confirmed cardiac involvement
during COVID-19 (Inciardi et al., 2020; Madjid et al., 2020). SARS-
CoV-2 is an enveloped RNA virus that binds to its target cell via a
viral envelope-anchored spike protein and the putative host
receptor angiotensin-converting enzyme 2 (ACE2). Besides other
tissues and cell types, ACE2 is highly expressed in vascular
endothelial cells and in heart muscle cells (Liu et al., 2020).

Previous work from our group identified SARS-CoV-2 genomes
by PCR in the myocardium of COVID-19 patients affected by
intramyocardial inflammation (Escher et al., 2020). The presence of
viral genomes in the heart of COVID-19 patients has also been
verified in autopsy studies, without an association with myocardi-
tis in fulminant stages (Lindner et al., 2020). The cardiotropism of

SARS-CoV-2 has been confirmed in vitro, but might occur after a
latency period following acute infection of the respiratory tract in
vivo (Sharma et al., 2020).

To investigate the presence of SARS-CoV-2 as a potentially
cardiotropic virus with a possible latency until detection in the
myocardium, a real-time reverse transcription PCR (RT-qPCR)
assay was performed on endomyocardial biopsies (EMBs). EMBs
were analysed in the Institute for Cardiac Diagnostics and Therapy,
Berlin, Germany by histology, immunohistology, and molecular
biology (Schultheiss et al., 2019).

Methods and results

SARS-CoV-2 RNA was detected in RNA extracted from EMB
tissue from a COVID-19 affected patient by RT-qPCR, indicating an
endomyocardial infection (SARS-CoV-2 E-gene-specific RT-qPCR;
sample cycle threshold (Ct) value = 33.4 �1.9; positive control Ct
value = 35.9 � 0.5; Figure 1) (TIB Molbiol, Berlin, Germany). This
was an otherwise healthy 59-year-old woman of Caucasian race,
admitted to the intensive care unit with a severe acute respiratory
syndrome. Dyspnoea, without fever or cough, was the only
symptom corresponding to a typical clinical picture of acute heart
failure. The first clinical contact was on February 17, 2020. At that
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time, clinical experience of COVID-19 in Germany was scarce and
therefore COVID-19 was not suspected in the differential diagnosis.
Throat swab specimens tested negative for respiratory syncytial
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irus and influenza A and B virus. Blood tests revealed elevated
evels of markers of myocyte injury (high-sensitivity troponin T
evel of 83.6 pg/ml, creatine kinase (CK) level of 125 U/l, and
reatine kinase myocardial band (CK-MB) level of 43 U/l), which
emained positive during the first days of her hospitalization.
ransthoracic echocardiography showed a severe diastolic dys-
unction III with an increased wall thickness (interventricular
eptum,14 mm) and minimal pericardial effusion. After respiratory
mprovement, coronary artery disease could be excluded, and due
o symptoms of progressive heart failure, an EMB was performed
y left ventricular catheterization 4 weeks after the onset of
ulmonary symptoms. In addition to positive proof of SARS-CoV-2
NA, immunohistochemical EMB analysis in accordance with
igital image quantification confirmed pronounced intramyocar-
ial inflammation in the absence of signs of necrosis. Increased
umbers of CD45R0+ T memory cells (96.15 cells/mm2), CD3+ cells
20.54 cells/mm2), CD11a+ cells (lymphocyte function-associated
ntigen 1) (24.36 cells/mm2), CD11b+ cells (macrophage-1 antigen)
91.56 cells/mm2), and CD54+ cells (intercellular adhesion mole-
ule 19) (area fraction 1.91%) (Dako, Glostrup, Denmark) were
bserved (Figure 1). Histological evaluations were performed on
araffin-embedded EMB sections with haematoxylin and eosin
taining and revealed hypertrophied myocytes (diameter 31 mm).
ctive myocarditis according to the Dallas criteria could not be
onfirmed. A search for other common cardiotropic infectious
gents yielded negative results. Following EMB analysis, nasopha-
yngeal swab specimens tested negative for SARS-CoV-2 RNA. A
ollow-up EMB, 3 weeks after the first EMB, revealed a reduction of
nflammatory cell infiltration (CD45R0+ 81.43 cells/mm2, CD3+

3.6 cells/mm2, CD11a+ 12.49 cells/mm2, CD11b+ 28.43 cells/mm2)
nd tested negative for SARS-CoV-2 RNA in accordance with the
atient's clinical improvement.

iscussion

Although subgenomic SARS-CoV-2 RNA indicating a replicative

electron microscopy study identified viral particles in interstitial
cytopathic macrophages in an EMB from a COVID-19 patient with
cardiogenic shock (Tavazzi et al., 2020). In the present study, direct
cardiac involvement associated with intramyocardial inflamma-
tion as a complication in a patient affected by COVID-19 was
observed. In this study, it was found that virus positivity in the
heart was still present after a latency period of 4 weeks after the
onset of pulmonary symptoms.

During this study, it was not possible to determine the exact cell
type that was susceptible to SARS-CoV-2 infection within the
myocardium. The elevated histopathological and systemic param-
eters of myocardial inflammation in the absence of signs of
necrosis indicate that cardiac dysfunction and myocyte hypertro-
phy might be caused by ischemic conditions resulting from
damage to the intramural vessels and small capillaries (Varga et al.,
2020). Limitations in EMB sample size did allow a conclusive
histopathological evaluation of capillary damage using specific
endothelial cell markers in the present study. However, CD11b+

macrophage infiltration was more pronounced in the areas
surrounding capillaries.

A follow-up EMB revealed a significant reduction of inflamma-
tory cell infiltration and tested negative for SARS-CoV-2 RNA,
indicating viral clearance from the myocardium. The results of this
study suggest that the successful detection of SARS-CoV-2
genomes in the heart during the course of infection might only
be possible during a temporally restricted phase. The long-term
effect of COVID-19 in the heart muscle needs to be investigated and
one may speculate that further cardiac complications in the
progression of COVID-19 following viral clearance may result from
an abundant inflammatory reaction or the induction of autoim-
mune processes (Galeotti and Bayry, 2020). This EMB-based
finding should prompt the clinician to continue cardiac surveil-
lance after the pulmonary infection, as SARS-CoV-2 is a potential
new causative agent in the development of heart failure.

Limitations of the study

igure 1. Intramyocardial inflammation and SARS-CoV-2 RNA in endomyocardial biopsy. Representative image of immunohistochemical staining for the assessment of
flammation in a SARS-CoV-2-positive endomyocardial biopsy specimen and qualitative gel blot image of a SARS-CoV-2 genome PCR amplicon. (A) Arrows indicate increased
D45R0+ T memory cells (96.15 cells/mm2) (Dako, Glostrup, Denmark). Immunohistochemical staining was quantified by digital image analysis. Magnification 200�. (B)
epresentative agarose gel electrophoresis gel blot image of a SARS-CoV-2 amplicon (78 bp) from quantitative SARS-CoV-2 E-gene specific RT-qPCR (TIB Molbiol, Berlin,
ermany). The dimensions of the marker bands in base pairs are shown in lane 1. Lane 1 = molecular weight standard, lane 2 = patient, lane 3 = negative control.
nfection has, to date, only been detected in the respiratory tract,
iral genomes have been detectable in other organs of infected
ndividuals, such as the kidneys, liver, skin, eyes, and nervous
ystem (Wang et al., 2020; Wolfel et al., 2020). The presence of
ARS-CoV-2 genomes in EMBs indicates that SARS-CoV-2 is
otentially able to infect the heart muscle. A recently published
7

Since COVID-19 was not suspected initially, preserved blood
samples corresponding to the date of catheterization were not
available, which would have allowed systemic molecular testing
for SARS-CoV-2 genomes. The sample size of an EMB is limited,
thus the amount of RNA isolated was not sufficient for an in-depth
1
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analysis of the SARS-CoV-2 genome targeting different regions or
for sequencing of the viral genome. However, the high sensitivity
and specificity of the PCR systems used to detect SARS-CoV-2
genomes have been demonstrated recently (Corman et al., 2020).
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