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IMPORTANCE Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) can be
documented in various tissues, but the frequency of cardiac involvement as well as possible
consequences are unknown.

OBJECTIVE To evaluate the presence of SARS-CoV-2 in the myocardial tissue from autopsy
cases and to document a possible cardiac response to that infection.

DESIGN, SETTING, AND PARTICIPANTS This cohort study used data from consecutive autopsy
cases from Germany between April 8 and April 18, 2020. All patients had tested positive for
SARS-CoV-2 in pharyngeal swab tests.

EXPOSURES Patients who died of coronavirus disease 2019.

MAIN OUTCOMES AND MEASURES Incidence of SARS-CoV-2 positivity in cardiac tissue as well
as CD3*, CD45%, and CD68” cells in the myocardium and gene expression of tumor necrosis
growth factor q, interferon y, chemokine ligand 5, as well as interleukin-6, -8, and -18.

RESULTS Cardiac tissue from 39 consecutive autopsy cases were included. The median
(interquartile range) age of patients was 85 (78-89) years, and 23 (59.0%) were women.
SARS-CoV-2 could be documented in 24 of 39 patients (61.5%). Viral load above 1000 copies
per pg RNA could be documented in 16 of 39 patients (41.0%). A cytokine response panel
consisting of 6 proinflammatory genes was increased in those 16 patients compared with

15 patients without any SARS-CoV-2 in the heart. Comparison of 15 patients without cardiac
infection with 16 patients with more than 1000 copies revealed no inflammatory cell
infiltrates or differences in leukocyte numbers per high power field.

CONCLUSIONS AND RELEVANCE In this analysis of autopsy cases, viral presence within the
myocardium could be documented. While a response to this infection could be reported in
cases with higher virus load vs no virus infection, this was not associated with an influx of
inflammatory cells. Future investigations should focus on evaluating the long-term
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consequences of this cardiac involvement.
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n patients with coronavirus disease 2019 (COVID-19),

cardiovascular involvement occurs frequently. Myocar-

dial injury with elevated troponin levels is described in
patients hospitalized with COVID-19'! and seems to be asso-
ciated with outcome.? The origin of myocardial injury can
result from ischemia due to thrombotic coronary obstruc-
tion but can also include other causes such as heart failure,
pulmonary embolism, tachycardia, and sepsis.> Obviously,
an infection of the myocardium with severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) is another alter-
native for elevated troponin. Next to elevated biomarkers
for cardiac injury, myocardial dysfunction determined by
echocardiography is also reported in up to 70% of hospital-
ized patients.* This makes cardiac involvement during
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COVID-19, which manifests primarily as a pulmonary dis-
ease, likely.

Myocarditislike clinical presentations have been de-
scribed in only a few patients with COVID-19 to date,” suggest-
ing that fulminant myocarditis is rare.® In the very few cases
with clinically suspected myocarditis, SARS-CoV-2 infection
was associated with cardiac inflammation.”

Whether SARS-CoV-2 can be documented and replicates
within the heart and whether this is associated with mono-
nuclear cell infiltration or induces cytokine expression
remains elusive in deceased patients without clinically
overt myocarditis. Therefore, we investigated whether myo-
cardial infection occurred in autopsy cases of patients with
COVID-19.
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Methods

Study Cohort and Tissue Sampling

Consecutively, deceased individuals with diagnosed SARS-
CoV-2 infection were autopsied at the Institute of Legal Medi-
cine at the University Medical Center Hamburg-Eppendorf in
Germany between April 8 and April 18, 2020. The diagnosis was
confirmed post mortem by quantitative reverse transcriptase-
polymerase chain reaction to detect SARS-CoV-2 RNA and per-
formed from pharyngeal swabs.® This study was approved by
the local ethics committee of the Hamburg Chamber of Physi-
cians. The cases were included in the autopsy study of the first
consecutive 80 individuals who had died of SARS-CoV-2 infec-
tion in Hamburg, Germany, which reported cause of death and
comorbidities.® A detailed description of myocardial tissue is
the subject of this article. Cardiac tissue was collected during
autopsy with median postmortem intervals of 3.0 (interquar-
tilerange, 2.0-4.3) days. Two tissue specimens were taken from
the left ventricle and either snap frozen in liquid nitrogen or fixed
in formalin for subsequent analysis.

Gene Expression Analysis and Histological Analysis

Isolation of total RNA has been described earlier.'® Reverse tran-
scription of 1 ug of RNA was carried out using the high-capacity
complementary DNA kit in the presence of random reverse tran-
scription primers to determine virusload and gene expression.
Gene expression of cytokines was determined as described in the
eMethods and eTable 1in the Supplement and plotted as a heat
map. Quantitative real-time polymerase chain reaction for SARS-

Association of Cardiac Infection With SARS-CoV-2 in Confirmed COVID-19 Autopsy Cases

Key Points

Question Can severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) be documented in cardiac tissue of coronavirus
disease 2019 (COVID-19) autopsy cases?

Findings In this cohort study of 39 autopsy cases of patients
with COVID-19, cardiac infection with SARS-CoV-2 was found to
be frequent but not associated with myocarditislike influx of
inflammatory cells into the myocardium.

Meaning Among individuals with cardiac infection, overt
myocarditis was not observed in the acute phase, but the
long-term consequences of this cardiac infection needs to be
studied.

CoV-2 was performed with primers and probe for the viral gene
E (Tib Molbiol)." To investigate virus replication, complemen-
tary DNA synthesis was performed in the presence of 1 1M gene-
specific forward primer (E_Sarbeco_F)" or in the absence of primer
to exclude nonspecific complementary DNA synthesis. Paraffin
sections were stained with antibodies against CD3, CD45R0O, and
CD68 and quantified as positive cells/mm? as described in the
eMethods and eTable 2 in the Supplement.

In Situ Hybridization

Inssitu hybridization was carried out to detect viral RNA of SARS-
CoV-2 on paraffin sections using RNAscope 2.5 high-definition
detection kit (Advanced Cell Diagnostics). In brief, tissue sections
were deparaffinized in xylene and followed by target retrieval

Figure 1. Virus Infection and Inflammatory Response in Cardiac Tissue From Coronavirus Disease 2019 Deaths
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at 95 °C for 10 minutes. Subsequently, internal peroxidase activ-
ity was quenched by hydrogen peroxide incubation for 10 min-
utes followed by permeabilization using protease plus treatment
at 40 °C for 30 minutes. The SARS-CoV-2-specific probe
V-nCoV2019-S was hybridized at 40 °C for 2 hours. RNAScope
signal was developed with 3,3'-diaminobenzidine and nuclei were
counterstained using hematoxylin. Negative controls are shown
in the eFigure in the Supplement.

. |
Results

The median (interquartile range) age of the 39 individuals was
85 (78- 89) years and 23 (59.0%) were women. Pneumonia was
evaluated as cause of death in 35 individuals (89.7%); in 4
individuals (10.2%), another cause of death was identified
(patient 6, necrotizing fasciitis; patient 11, cardiac decompen-
sation with prior heart failure; patient 21, bacterial bronchi-
tis; patient 27, unknown).® None of the patients in the study
were diagnosed as having clinically fulminant myocarditis.
Comorbidities such as hypertension, coronary artery dis-
ease, and diabetes were frequent and diagnosed in 17 (43.6%),
32(82.0%), and 7 patients (17.9%), respectively. In Figure 1, pa-
tients were sorted according to their virus load within the myo-
cardium. Fifteen of 39 autopsies (38.5%) had no SARS-CoV-2
RNA in the myocardium. In 8 of 24 patients (33.3%) with viral
presence, the virus load was lower than 1000 copies per pg
RNA. In the remaining 16 patients, virus load was above 1000
copies. Virus replication of SARS-CoV-2 defined by detection
of the (-) strand replicate of the RNA genome was docu-
mented in the myocardium of the 5 patients with the highest
virus load. The median (interquartile range) copy number of
those 5 patients was 135584 (84 949-474 675) per g RNA. In
situ hybridization of SARS-CoV-2 RNA confirmed the virus pres-
ence in interstitial cells within the cardiac tissue (Figure 2).
Gene expression of a response panel of 6 genes was mea-
sured in the myocardium. Comparing the rank sums of this
panel, lower expression was present in those patients with-
out compared with the group with virus load higher than 1000
copies (Figure 1, shown in red). The number of CD3", CD45",
and CD68* cells/mm? were quantified (Figure 1, shown in
blue). Importantly, virus presence was not associated with
increased infiltration of mononuclear cells into the myocar-
dium (Figure 3) compared with the virus negative group. Ac-
cording to the Dallas criteria, no myocarditis was present
because no massive cell infiltrates or necrosis could be
documented.

.|
Discussion

Viral genome was present in the myocardial tissue in this au-
topsy study. This is in line with findings that the SARS-CoV-2
receptors are expressed within myocardial cells'? as well as
findings from SARS-CoV, where myocardial infection was docu-
mented as well.’* Our findings from in situ hybridization re-
vealed the most likely localization of SARS-CoV-2 not to be in
the cardiomyocytes but in interstitial cells or macrophages

jamacardiology.com
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Figure 2. In-situ Hybridization to Detect Virus RNA
in SARS-CoV-2-Infected Cardiac Tissue
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Paraffin-embedded cardiac tissue section of a patient with severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) infection revealed interstitial
cells carrying virus RNA detected.

invading the myocardial tissue. Nevertheless, this has to be
studied in more detail in upcoming studies.

In this study, 5 of 16 patients with virus load above 1000
copies, which we deem to be clinically significant, showed signs
of viral replication within the myocardial tissue. This indi-
cates not only virus presence but viral progeny. Whether it is
associated with viral shedding is unknown.

Aresponse with increased expression of cytokines modu-
lating the inflammatory process was documented in patients
with a virus load above 1000 copies. This is in line with find-
ings that the cytokine-induced organ dysfunction contrib-
utes to the disease process.®

Importantly, fulminant myocarditis was not associated
with SARS-CoV-2 infection in this study with no significant
change in transendothelial migration of inflammatory cells in
the myocardium in patients with high virus load vs no virus.
In the published cases in which myocardial inflammation was
present, there was also evidence of clinical myocarditis, and
therefore the current cases underlie a different pathophysiol-
ogy. Our findings emphasize no increased inflammatory cells
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Figure 3. Histological Analyses of Cardiac Tissue
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Paraffin-embedded cardiac tissue sections either virus-negative (light blue) or
with more than 1000 copies of severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) (dark blue) were analyzed and depicted as Tukey-style box plots
with median and interquartile range. The comparison of the 15 patients without
cardiac infection to the 16 patients with more than 1000 copies revealed no

infiltrates or differences in leukocyte numbers per high power field.
Representative images for patient 39 with no cardiac infection and patient 8
revealing the highest copy number in the cardiac tissue are displayed. H&E
indicates hematoxylin-eosin.

in consecutive COVID-19 cases without clinical myocarditis.
Whether myocardial viral activity in the absence of clinical
evidence of myocarditis might result in long-term conse-
quences is unknown. Leukocytopenia is another feature of
COVID-19, which might hamper myocardial invasion of mono-
nuclear cells.*

Limitations

This study has limitations, including the design as an au-
topsy study. Elderly age of the patients might have influ-
enced the results. Presumably, in nonautopsy studies, the in-
cidence of virus infection will be different. Unfortunately,
endomyocardial biopsies of patients with COVID-19 are not
available in significant numbers at the moment and will likely
not be available in higher numbers to address this in the near
future owing to the emerging health care crisis due to COVID-
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