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Abstract

The coronavirus disease 2019 (COVID-19), due to SARS-CoV-2, is primarily a respiratory disease, causing in most severe cases
life-threatening acute respiratory distress syndrome (ARDS). Cardiovascular involvement can also occur, such as thrombosis or
myocarditis, generally associated with pulmonary lesions. Little is known about SARS-CoV-2-induced myocarditis. We report
the case of a 69-year-old man suffering from a refractory cardiogenic shock, without significant lung involvement. Prior to death,
several nasopharyngeal swabs and distal bronchoalveolar lavage were sampled in order to perform RT-PCR analyses for SARS-
CoV-2-RNA, which all gave negative results. Autopsy showed coronary atherosclerosis, without acute complication.
Microscopic examination of the heart revealed the existence of an intense multifocal inflammatory infiltration, in both ventricles
and septum, composed in its majority of macrophages and CD8+ cytotoxic T lymphocytes (CD4/CD8 ratio: 0.11).
Immunohistochemistry for anti-SARS nucleocapsid protein antibody was strongly positive in myocardial cells, but not in lung
tissue. RT-PCR was realized on formalin-fixed paraftin-embedded lung and heart tissue blocks: only heart tissue was positive for
SARS-CoV-2 RNA. In conclusion, this exhaustive post-mortem pathological case study of fulminant myocarditis demonstrates
the presence of SARS-CoV-2 RNA in heart tissue, without significant lung involvement. Immunohistochemistry showed that the
virus was specifically localized in cardiomyocytes and induced a strong cytotoxic T cells inflammatory response. This case report
thus gives new insight in the pathogenesis of SARS-CoV-2-induced myocarditis and emphasizes on the importance and reli-
ability of post-mortem analyses in order to better understand the physiopathology of this worldwide spreading new viral disease.
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The new SARS-Cov-2 pathogen, causing coronavirus disease
2019 (COVID-19), was identified for the first time in
December 2019, in China. Cases of COVID-19 have now
been reported all around the world, resulting in 2020 in more
than one million of deaths, which are consecutive in most of
cases to a life-threatening acute respiratory distress syndrome
(ARDS). Cardiovascular involvement can also occur, such as
thrombosis or myocarditis, generally associated with pulmo-
nary involvement [1-5]. To date, little is known about SARS-
Cov-2-induced myocarditis. Several cases of fulminant myo-
carditis have been reported [6—11], with only few cases of
histopathological assessment.

In the present study, we report a case of isolated fulminant
myocarditis, including exhaustive post-mortem histopatho-
logical, immunohistochemical, and viral analyses.
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Case report

A 69-year-old man with a history of diabetes, hypertension,
and ischemic heart disease, but without chronic heart failure,
presented to the emergency room with fever, asthenia, and
abdominal pain that had been progressing for a week.
Physical examination was unremarkable. Initial blood analy-
sis demonstrated high inflammatory markers and lymphope-
nia (white blood cell count, 14 460/mm3; neutrophils, 13710/
mm3; lymphocytes, 540/mm3; C-reactive protein, 329 mg/L).
Arterial blood gas analysis showed compensated metabolic
acidosis with hyperlactacidemia (pH, 7.51; excess basis, 9
mEq/L; lactates, 3 mmol/L) and normoxemia. Blood cultures
were sterile. Reverse transcription polymerase chain reaction
(RT-PCR) analysis for SARS-CoV-2 was negative on a nasal
swab sample. A computed tomography (CT) scan showed no
anomaly in the thoracic and abdominal areas. An electrocar-
diogram was performed and did not show signs of ischemia.

During the first hours of his hospitalization, the patient
remained hypotensive, hypoxemic, and anuric. The echocar-
diogram showed a non-dilated left ventricle (LV) and severe
and diffuse LV hypokinesia (LV ejection fraction: 30%). He
was admitted in the intensive care unit (ICU) with a diagnosis
of acute myocarditis. New biological test revealed elevated
levels of markers of myocyte necrosis (high-sensitivity tropo-
nin I level of 8066 pg/mL and creatine kinase-MB level of
2103 UI/L), severe metabolic acidosis with hyperlactacidemia
(pH, 7.13; lactates, 6 mmol/L), and acute kidney injury
KDIGO 3. He required vasopressor therapy (noradrenalin)
and inotropic support (dobutamine). He developed increasing
dyspnea requiring orotracheal intubation a few hours after
admission. Urgent coronary arteriography was performed
and showed non-significant lesions and two permeable stents.
Search for common cardiotropic infectious agents, especially
influenza infection, yielded negative results.

Three other RT-PCR SARS-CoV-2 analyzes were negative
on sampling of deeper airway samples (tracheal secretions and
bronchoalveolar lavage).

Two days after ICU admission, LV ejection dropped to
20%, and estimated cardiac index was 1.5 L/min/m’. There
was a circumferential pericardial effusion around the right
cardiac chamber without signs of tamponade.

Severe myocardial dysfunction and severe hemodynamic
compromise quickly led to implementation a veino-arterial
extracorporeal membrane oxygenation (VA-ECMO). The pa-
tient deceased 6 days after admission, in a context of refrac-
tory shock and multi-organ failure.

A medical autopsy was performed 2 days after death. The
lungs were congestive, without significant hepatization. The
heart weighted 403 g. Coronary arteries showed calcified ath-
erosclerosis and contained two permeable stents, localized in
the circumflex branch of the left coronary artery and in the
right coronary artery. A mild hemorrhagic infiltration was
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observed around ascendant aorta. No other macroscopic
anomaly was found.

Gross examination of formalin-fixed heart was then
achieved in the Department of Pathology, with prior decalci-
fication of coronary arterial segments, when necessary. It re-
vealed an 80% stenosis of the right coronary artery, without
any hemorrhagic or thrombotic complication, and confirmed
the permeability of the stents. Myocardium sections showed a
grayish centimetric scar within the posterior wall of left
ventricle.

After fixation in 4% neutral buffered formalin for 1 week
and sampling of the different organs, 4 pum thickness tissue
sections were performed and stained with hematoxylin, eosin,
and saffron. Microscopic examination of the heart revealed
the existence of a multifocal inflammatory infiltration, in both
ventricles and septum, composed in its majority of macro-
phages and lymphocytes (Fig. 1), associated with a mild poly-
morphonuclear neutrophils infiltrate. The myocardium was
edematous, containing dystrophic cardiomyocytes, without
necrosis. An hypocellular confluent area of fibrosis was found
in posterior wall of left ventricle. There was no significant
inflammatory infiltrate in the wall of capillaries and vessels.
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Fig. 1 (a) Abundant myocardium edema and interstitial inflammation,
showing a predominance of mononucleated leucocytes, associated with
cardiomyocytes dystrophies (hematoxylin, eosin, and saffron (HES), x
200). (b) Strong granular cytoplasmic staining of cardiomyocytes for
SARS coronavirus nucleocapsid protein (immunohistochemistry, x 200)
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In lung parenchyma, alveolar spaces were focally filled
with a fibrine exudate, associated with a mild macrophagic
alveolitis, without pneumocytes dystrophy. No fibrosis was
seen. Liver parenchyma showed a moderate macro-
vacuolated steatosis and an abundant peri-portal fibrosis asso-
ciated with porto-portal septa. Multifocal centro-lobular ne-
crosis was also observed, without significant inflammation.
Acute tubular necrosis was observed in the kidney, without
inflammation. Pancreas showed a pluri-focal moderate lym-
phocytic and macrophagic inflammation and few phenomena
of necrosis. Histopathological examination of the brain,
spleen, colon, small intestine, stomach, adrenal glands, and
thyroid revealed no specific anomaly.

After pretreatment of formalin fixed tissue sections for
40 min at 97 °C (Envision Flex TRS, Low pH; Dako
Cytomation, Glostrup, Denmark), an immunohistochemical
assay was performed with an anti-SARS-CoV nucleocapsid
protein antibody (SARS-CoV nucleocapsid protein antibody,
rabbit polyclonal, NB100-56576 Novus Biologicals, 1/50,
30 min of incubation; Flex+ Envision revelation system,
Envision Flex+ rabbit Linker, prediluted, 10 min; Dako
Omnis) on lung, myocardium, pancreas, and kidney samples.
It revealed a strong multifocal granular cytoplasmic staining
of cardiomyocytes (Fig. 1), without significant staining of the
lung, kidney, or pancreas. Additionally, in heart tissue, immu-
nohistochemistry with the anti-CD163 antibody outlined the
presence of numerous interstitial macrophages (Fig. 2), and
anti-CD20, -CD3, -CD4, and -CD8 antibodies showed that the
vast majority of lymphocytes were CD3+, CD8+, and TIA-1
cytotoxic T lymphocytes (CD4/CD8 ratio: 0.11) (Fig.
2, Table 1).

Finally, RNA was extracted from formalin-fixed par-
affin-embedded heart and lung tissue blocks, in order to
perform RT-PCR, which allowed to detect SARS-CoV-2
(COVID-19) genome in heart tissue, but not in lung
parenchyma. Analyses for influenzae (A and B) and
parvovirus B19 were negative.

Fig. 2 (a) Anti-CD163 antibody
showing numerous interstitial
macrophages. (b) Abundant T
cell lymphocytes inflammation
outlined by the anti-CD3 anti-
body. (¢) Most of T cells are CD8-
positive lymphocytes (CD4/CD8
ratio: 0.11). (d) Staining with anti-
TIA-1 antibody (left), showing
abundant cytotoxic T lympho-
cytes, part of them being activat-
ed, granzyme B positive (right)
(immunohistochemistry, original
magnification x 200)

Discussion

In this original post-mortem report, we analyzed a case of
fulminant myocarditis, without significant lung involvement.
None of the pre-mortem analyzes allowed to obtain an appro-
priate diagnosis. Notably, all SARS-CoV-2 RT-PCR were
negative, including nasal swabs well as tracheal secretions
and bronchoalveolar lavage. This could be explained by the
isolated localization of the virus in the myocardium, in our
case without significative replication of the virus in the upper
respiratory airways and lung tissue at the time of hospitaliza-
tion. The presence of SARS-CoV-2 in heart tissue was proven
in only few studies, in most of cases in patients with positive
nasopharyngeal swabs and/or lung involvement [9, 12—14].
To our knowledge, only two cases of isolated SARS-CoV-2
myocarditis were reported, with favorable outcome. In these
two young patients, the nasopharyngeal swabs were negative,
but the RT-PCR assays which were performed on
endomyocardial biopsies were positive [13]. This supports
the indication of endomyocardial biopsies with histological
and virological analyzes, as proposed by the Wuhan interna-
tional workshop on fulminant myocarditis [15]. In addition,
the present report also suggests that anti-SARS-CoV-2 immu-
nohistochemistry could be a useful and easy-to-use tool to
detect viral proteins, prior to RT-PCR assay, notably for the
forensic pathologist (Fig. 1).

The pathophysiology of SARS-CoV-2-induced myocardi-
tis is still not fully elucidated. Tavazzi et al., using electron
microscopy, reported viral particles detection in myocardial
interstitial cells, but not in cardiomyocytes nor endothelial
cells [16]. We demonstrate in the present case that SARS-
CoV-2 can directly infect cardiomyocytes, which is concor-
dant with the expression of ACE2 in these cells [17]. Only one
case of direct infection of cardiomyocytes was very recently
reported: Albert et al., using electron microscopy, demonstrat-
ed the presence of viral particles in myocytes sarcoplasm [18].
Viral infection of cardiomyocytes could induce direct cell
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Table 1 Quantitative evaluation

of myocardial inflammatory cells CD163 CDI15 CD20 CD3 CD4 CD8 Tia- Granzyme B
1
Cells/10 HPF 197 20 9 84 9 83 80 43
HPF high power fields

Immunohistochemistry, number of cells per

damages, but also indirect damages through a specific T cell
cytotoxic immune response. Indeed, we found in our case a
high proportion of CD8+ TIAl+ T lymphocytes.
Approximately half of these cytotoxic cells were activated,
characterized by an expression of granzyme B (Table 1, Fig.
2d). Similarly, Wenzel et al. reported abundant perforin-
positive cytotoxic T cells, in the two cases of isolated myo-
carditis [13]. On the contrary, in a multicenter cardiovascular
pathology study, Basso et al. reported a predominance of
CD4-positive T helper cells. However, only 3 out of 21 pa-
tients had a lymphocytic myocarditis, whereas all patients had
positive nasopharyngeal swab for SARS-CoV-2, and in most
of cases ARDS. Specific detection of SARS-CoV-2 in heart
tissue was not reported [2]. The present case report suggests
that SARS-CoV-2-induced fulminant myocarditis could be
induced by a direct infection of cardiomyocytes associated
with an intense cytotoxic T cell immune response. This is
concordant with the in vitro study reported by Bojkova et al.
[17]. Further in vivo observations are needed in order to sup-
port this hypothesis.

In conclusion, this case study thus gives new insights in the
pathogenesis of SARS-CoV-2-induced fulminant myocarditis
and emphasizes on the importance and reliability of post-
mortem analyses. In this pandemic context of COVID-19, the
forensic pathologist should keep in mind the eventuality of a
SARS-CoV-2-induced myocarditis and thus sudden death,
even in the absence of lung injury and negative nasopharyngeal
swabs. Immunohistochemistry and FFPE tissue blocks-based
SARS-CoV-2 RT-PCR can be useful to achieve this diagnosis.
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