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Aims Coronavirus disease 2019 (COVID-19) due to severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2)
has been associated with cardiovascular features of myocardial involvement including elevated serum troponin lev-
els and acute heart failure with reduced ejection fraction. The cardiac pathological changes in these patients with
COVID-19 have yet to be well described.

...................................................................................................................................................................................................
Methods
and results

In an international multicentre study, cardiac tissue from the autopsies of 21 consecutive COVID-19 patients was
assessed by cardiovascular pathologists. The presence of myocarditis, as defined by the presence of multiple foci of
inflammation with associated myocyte injury, was determined, and the inflammatory cell composition analysed by
immunohistochemistry. Other forms of acute myocyte injury and inflammation were also described, as well as cor-
onary artery, endocardium, and pericardium involvement. Lymphocytic myocarditis was present in 3 (14%) of the
cases. In two of these cases, the T lymphocytes were CD4 predominant and in one case the T lymphocytes were
CD8 predominant. Increased interstitial macrophage infiltration was present in 18 (86%) of the cases. A mild peri-
carditis was present in four cases. Acute myocyte injury in the right ventricle, most probably due to strain/over-
load, was present in four cases. There was a non-significant trend toward higher serum troponin levels in the
patients with myocarditis compared with those without myocarditis. Disrupted coronary artery plaques, coronary
artery aneurysms, and large pulmonary emboli were not identified.

...................................................................................................................................................................................................
Conclusions In SARS-CoV-2 there are increased interstitial macrophages in a majority of the cases and multifocal lymphocytic

myocarditis in a small fraction of the cases. Other forms of myocardial injury are also present in these patients.
The macrophage infiltration may reflect underlying diseases rather than COVID-19.
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..Introduction

Coronavirus disease 2019 (COVID-19) due to severe acute respira-
tory syndrome coronavirus-2 (SARS-CoV-2) is primarily a respira-
tory disease,1 but systemic and cardiovascular involvement can
occur. Acute cardiac injury with elevation of serum troponins is the
most commonly described cardiac abnormality in COVID-19,
reported in �8–12% of patients, and elevated troponin levels have
been associated with increased mortality in patients with COVID-
19.2–4 In addition, a small fraction of patients develop acute heart fail-
ure with reduced ejection fraction, raising the clinical concern for
myocarditis.5–7

SARS-CoV-2 can elicit intense release of cytokines and chemo-
kines, possibly leading not only to vascular inflammation and athero-
sclerotic plaque instability but also to myocardial inflammation.
Therefore, possible mechanisms for elevated troponin levels in these
patients include demand ischaemia, stress cardiomyopathy, micro-
vascular thrombosis, and secondary effects of systemic inflammation.
Direct viral infection of the myocardium is another possible causal
pathway of myocardial damage. The unique affinity of SARS-CoV-2
for the host angiotensin-converting enzyme 2 receptor raises the
possibility of direct viral infection of vascular endothelium and myo-
cardium, such that in some patients, COVID-19-associated myocar-
dial injury could represent viral myocarditis.8 Any of these
mechanisms may exacerbate underlying cardiovascular conditions.9

There have been a few recent reports describing the cardiac hist-
ology from a small number of patients with COVID-19, mostly entail-
ing endomyocardial biopsies and limited tissue sampling at autopsy,

but these have not yielded a very clear picture of the overall cardiac
pathological changes in these patients.10–15 The current study aimed
to assess the pathological spectrum of cardiac involvement in
COVID-19 patients and to determine the frequency and type of
myocarditis as well as other forms of acute cardiac injury.

Methods

The COVID-19 Working Group was established through the leader-
ship of the Society for Cardiovascular Pathology and the Association
for European Cardiovascular Pathology. Cardiovascular pathologists
within these societies were solicited to provide information relating to
the cardiac pathology obtained from consecutive autopsies performed
at their institutions on patients with COVID-19. The inclusion criteria
were a positive nasopharyngeal swab for SARS-CoV-2, a clinical diag-
nosis of COVID-19, and an autopsy with cardiac examination by a
cardiac pathologist from the working group, including sampling of the
myocardium (left ventricle, septum, and right ventricle) and epicardial
coronary arteries. All sequential autopsies that met these criteria
were included. Information provided included the presence of myocar-
ditis and other patterns of inflammation and injury identified on
haematoxylin and eosin- (H&E) stained slides of the heart. The degree
of coronary artery stenoses and the presence of disrupted plaques
were also provided. The assessment of the myocardium by electron
microscopy and evaluation of immunohistochemical stains for CD68,
CD3, CD4, and CD8 were provided if available. For immunohisto-
chemical stains, the number of cells staining in the �400 high-power
field with the most inflammation were counted. All immunohistochem-
ical stains were performed on routine automated diagnostic

....................................................................................................................................................................................................................

Table 1 Patient characteristics

All cases Without myocarditis With myocarditis P-value

n 21 18 3

Age 69 (44–86) 70 (44–82) 64 (59–86) 1.00

Male sex 15 (71) 12 (67) 3 (100) 0.53

Duration of symptoms

(days)a

15 (5–31) 15 (5–31) 15 (9–30) 0.65

Duration of hospitalization

(days)

7 (2–24) 6 (2–23) 9 (7–24) 0.19

History of hypertension 16 (76) 14 (78) 2 (67) 1.00

History of diabetes mellitus 7 (33) 6 (33) 1 (33) 1.00

Previous

immunosuppression

4 (19) 3 (17) 1 (33) 0.49

History of smoking 2 (10) 2 (11) 0 (0) 1.00

Prior cardiovascular disease 7 (33) 6 (33) 1 (33) 1.00

Prior atrial fibrillation 4 (19) 3 (17) 1 (33) 0.49

New-onset atrial fibrillation 5 (24) 3 (17) 2 (67) 0.13

Any new ECG changes 12 (62) 9 (50) 3 (100) 0.23

Peak troponin (ng/L)b 56 (2.8–2494), n = 16 44 (2.8–702), n = 13 66 (60–2494), n = 3 0.24

Time of peak troponin

(days before death)

3.5 (0.5–22) 4 (3–9) 3 (0.5–22) 0.54

Data are expressed as median (range) or n (%).
aFrom onset of symptoms to death.
bHighest troponin value if multiple troponin values were available.

2 C. Basso et al.
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..immunohistochemical staining devices. The presence of fibrosis in the
left ventricle was assessed on a semi-quantitative scale: none; mild
(<10% of myocardial area); moderate (10–25% of myocardial area); or
severe (>25% of myocardial area).

For the purposes of this study, myocarditis was defined as the pres-
ence of an inflammatory infiltrate associated with myocyte injury not due
to some other cause, which was present in multiple foci. The opinions
put forth here do not necessarily represent the opinions of all members
of the Society for Cardiovascular Pathology or the Association for
European Cardiovascular Pathology.

Serum troponin levels were obtained at the individual institutions using
the following tests: high-sensitivity troponin T, normal <15 ng/L (n = 6),
high-sensitivity troponin I, normal <35 ng/L (n = 6), high-sensitivity tropo-
nin I, normal <19.8 ng/L (n = 4). Electrocardiographic changes were con-
sidered new when not present on previous electrocardiograms during
either the current or previous admissions. All electrocardiographic
changes were from 12-lead ECGs, except where specified in the text, and
were identified as part of the clinical care and documented in the medical
records.

Categorical variables were compared using Fisher’s exact test, and
continuous variables were compared using Wilcoxon test. Inflammatory

cell counts were compared using Kruskal–Wallis with post-test by
Wilcoxon. All tests were two sided. P-values <0.05 were considered sig-
nificant in terms of secondary analyses for hypothesis generation.

Results

Twenty-one cases met the study criteria. These autopsies were per-
formed in March or April 2020 at the Azienda Ospedaliera-
University of Padua, the Sant’Orsola-Malpighi University Hospital of
Bologna, the Massachusetts General Hospital in Boston, the
University of Amsterdam, and the Mayo Clinic in Rochester,
Minnesota. For all 21 patients, the underlying cause of death was
COVID-19. The mechanisms of death were acute respiratory dis-
tress syndrome (ARDS, n = 15), viral pneumonia (n = 4), cardiogenic
shock (n = 1), and cardiac arrest (n = 1). The mechanisms of death
associated with specific clinical presentations are shown in
Supplementary material online, Table S1. Eighteen of the patients died
in the intensive care unit. Two of the patients were treated with

Figure 1 Spectrum of myocarditis in COVID-19 patients. (A and B) Biventricular multifocal/diffuse lymphocytic myocarditis (arrows) with exten-
sive myocyte injury in an 86-year-old man with previously undiagnosed cardiac amyloidosis (H&E �50). (C–G) Biventricular multifocal lymphocytic
myocarditis (arrows) with myocyte injury in a 64-year-old man, who developed atrial fibrillation 2 days before death (C, H&E�100; D, H&E�200; E,
H&E �100; F, double immunostaining CD68 brown/CD3 red, �200; G, double immunostaining CD4 brown/CD8 red, �400). (H–K) Biventricular
multifocal lymphocytic myocarditis (arrow) in a 59-year-old man (H, H&E �400; I, CD3 immunostaining brown, �400; J, CD68 immunostaining
brown,�400; K, CD4 immunostaining brown,�400). (L) Focal myocardial lymphocytic infiltration with myocyte injury (arrow) in a 70-year-old man
(H&E�400). Scale bars represent 500 lm (A, B), 200 lm (C, E), 100 lm (D, F), 50 lm (G–K), and 20 lm (L).

Pathological features of COVID-19-associated myocardial injury 3

https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehaa664#supplementary-data
https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehaa664#supplementary-data


..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

.
veno-venous extracorporeal membrane oxygenation. No mechanical
circulatory support was employed.

The patient characteristics are summarized in Table 1. All but one
of the patients had known underlying medical conditions including
hypertension (n = 16), diabetes mellitus (n = 7), haematological
malignancies (n = 4), chronic renal failure (n = 2), chronic obstructive
pulmonary disease (n = 1), and Crohn’s disease (n = 1). Two patients
were former smokers, and four patients were immunosuppressed.
Thirteen patients were obese. Seven patients had a prior history of
cardiovascular disease(s) including atrial fibrillation (n = 4), coronary
artery disease/ischaemic heart disease (n = 3), left ventricular hyper-
trophy (n = 1), and prior valve replacement (n = 1).

From the terminal hospital admission, serum high-sensitivity tropo-
nin T or I levels were available for 16 of the patients, with a median
peak value of 56 ng/L, range 2.8–2494 ng/L. The troponin levels were
abnormal for 11 of these 16 patients. Selected laboratory values at
the time of the peak troponin measurement are shown in
Supplementary material online, Table S2. Selected initial and final la-
boratory values for these 16 patients are shown in Supplementary
material online, Table S3. Five of these 16 patients received renal re-
placement therapy.

New electrocardiographic changes were identified in 12 patients,
including new-onset atrial fibrillation (n = 5), partial right bundle
branch block (n = 2), non-specific ST-segment or T-wave changes (n
= 3), transient ST-segment elevation (n = 1), premature ventricular
beats (n = 1), and ST-segment depression (n = 1). The atrial fibrilla-
tion was documented only on rhythm strips in one patient. The dur-
ation of atrial fibrillation was 12 h in one patient, 2 days in three

patients, and 3 days in one patient. Limited bedside transthoracic
echocardiography was performed on five patients without myocardi-
tis, and the observations are summarized in Supplementary material
online, Table 4. Sixteen patients received one or more medications
for COVID-19 including hydroxychloroquine/chloroquine (n = 15),
azithromycin (n = 8), atorvastatin (n = 4), inhaled nitric oxide (n = 2),
lopinavir/ritonavir (n = 6), oseltamivir (n = 2), remdesivir (n = 1), toci-
lizumab (n = 3), and sarilumab (n = 1).

At autopsy, pulmonary thrombo-embolism of the main pulmonary
arteries was not found in any of the cases. A median of 20 full-
thickness blocks of myocardium were examined histologically (range
5–29 blocks), and immunohistochemical stains for inflammatory cell
markers were evaluated in all cases. Myocarditis was identified in
three cases (Figure 1). The myocarditis was multifocal in all three
cases, involving the left and right ventricles, but was with right ven-
tricular predominance in one case. In all three cases, the myocarditis
was classified as lymphocytic, containing substantial CD3þ T lympho-
cytes and a significant proportion of CD68þ macrophages, without
eosinophils, giant cells, or granulomas. In two cases, the lymphocytes
were CD4þ predominant and in one case the lymphocytes were
CD8þ predominant. In addition to the three cases of multifocal myo-
carditis, six cases had focally increased interstitial T lymphocytes
within the myocardium, with or without focal myocyte injury, in
which the number of T cells focally ranged from 22 to 65 per �400
high-power field.

In 18 (86%) of the cases, there was relatively widespread increased
interstitial macrophage infiltration in the myocardium without clearly
associated myocyte injury involving both the left and right ventricles

Figure 2 Increased interstitial macrophages. The majority of patients showed increased interstitial macrophages without associated myocyte injury
(arrows). (A) A 50-year-old man, (CD68 immunostaining,�100). (B) A 44-year-old man, (double CD68 brown/CD3 red immunostaining,�100). (C)
A 64-year-old man (CD68 immunostaining, �200). (D and E) A 60-year-old man (D, H&E, �400; (E) CD68 immunostaining, �400). (F) A 73-year-
old woman with increased cells within the myocardial interstitium (H&E,�100). Scale bars represent 200 lm (A, B), 100 lm (C, F), and 50 lm (D, E).
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..(Figure 2). These diffuse macrophage infiltrates were seen in two of
the three patients with myocarditis and in 16 of the 18 patients with-
out myocarditis. For the third patient with myocarditis, the inflamma-
tory infiltrates were relatively extensive, making identification of a
distinctive separate macrophage infiltrate difficult. The median
macrophage density was 44 cells per high-power field (range 20–
177) in these cases. A mild pericarditis of the epicardium (visceral
pericardium) was present in four cases (Figure 3). Acute myocyte in-
jury in the right ventricle most probably due to strain/overload was
present in four cases (Figure 4), and was characterized by acute

myocyte coagulative necrosis primarily in the subendocardial region,
with the necrotic myocytes staining for the complement component
C4d.

Only two of the patients had severe coronary artery atheroscler-
osis with maximal cross-sectional area stenosis of >_75%
(Supplementary material online, Figure S1). None of the patients
showed features of coronary artery plaque disruption with thrombus
formation. There was no vasculitis or intimalitis. Thrombi composed
of fibrin and platelets were present in the small vessels of the myocar-
dium in four cases, involving <10% of the vessels. There was recent

Figure 3 Other myocardial inflammatory changes in patients with COVID-19. (A and B) Focal lymphocytic pericarditis (arrows), mainly composed
of CD8þ lymphocytes, associated with focal myocardial inflammation without myocyte injury (arrowhead) in a 66-year-old man (A, H&E, �400;
B, CD8 immunostaining, �400). (C–F) Healing myocardial injury (arrows) in the subendocardium of the left ventricle in a 50-year-old man
(C and D, H&E, �50; E, Azan Mallory trichrome, �100; F, CD68 immunostaining, �25). Scale bars represent 50 lm (A, B), 500 lm (C, D), 200 lm
(E) and 1000 lm (F).
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..myocardial infarction dating 2–3 weeks in age, present in multiple
foci, in one patient who had both stable severe epicardial coronary
artery disease and small vessel microthrombi. There were thrombi
involving the endocardial surface in three cases (Figure 5). There
were aggregates of leucocytes within small vessels in the myocardium
in 11 cases. Electron microscopy performed on three of the cases
without myocarditis was negative for virions. Fibrosis was present in
the left ventricle of 19 of the 21 cases, consistent with the underlying
comorbidities. The fibrosis was moderate and diffuse in 5 patients,
mild and diffuse in 12 patients, and mild and limited to the subendo-
cardial region in 2 patients.

In comparing the cases with myocarditis with those without myo-
carditis, the densities of CD3þ lymphocytes and CD68þ macro-
phages were both higher in the myocarditis patients than in the non-
myocarditis patients, but there were no differences in the inflamma-
tory cell densities between the left and right ventricles for either
group (Figure 6). There were no differences between the two groups
in the duration of symptoms, duration of hospitalization, age, history
of hypertension, history of diabetes, history of prior immunosuppres-
sion, history of smoking, or history of prior cardiovascular disease
(Table 1). There was also no discernible difference between the two
groups in the COVID-19-related treatments (not shown). New-
onset atrial fibrillation was seen in two of the three patients with
myocarditis, and the third had a pre-existing history of atrial

fibrillation and also demonstrated ST-segment depression during the
final hospital admission. In contrast, new-onset atrial fibrillation was
only seen in 21% of the patients without myocarditis and without a
prior history of atrial fibrillation. For the 16 patients with docu-
mented troponin levels, there was no significant difference in the
serum troponin levels between the patients with and without myo-
carditis (Table 1). While the patient with the highest troponin level
(2494 ng/L) did have myocarditis, the patient with the second highest
troponin level (702 ng/mL) did not have myocarditis, but had acute
right ventricular myocardial injury most probably resulting from
strain. All three of the patients with myocarditis had troponins levels
>_60 ng/L compared with only 38% of the patients without myocardi-
tis (P = 0.20). In addition, all three patients with myocarditis had
serum troponin levels >_60 ng/mL in the setting of new electrocardi-
ography changes, compared with only 2 (15%) of the 13 patients
without myocarditis (P = 0.02). Eleven patients had more than one
troponin measurement, for whom plots of the troponin values are
shown in Supplementary material online, Figure S2.

Discussion

One of the key pathological findings in this series is that in patients
dying with COVID-19, there is frequently present a myocardial

Figure 4 Right ventricle myocardial injury consistent with strain. (A and B) Right ventricle myocardium showing subendocardial C4dþ necrotic
myocytes (arrows) in a 50-year-old man (C4d immunostaining: A �25; B �200). (C–E) C4d þ necrotic myocytes (arrows) in the right ventricle in a
60-year-old woman with microvascular pulmonary arterial thrombi (E, arrowhead) (C, H&E, �400; D, C4d immunostaining 4� 00; E, H&E �100).
Scale bars represent 1000 lm (A), 100 lm (B), 50 lm (C, D), and 200 lm (E).
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..interstitial macrophage infiltration, with a median of 44 cells per
�400 high-power field, without myocyte injury affecting 86% of the
patients (Figure 7). In a smaller number of cases, there is true multi-
focal lymphocytic myocarditis affecting 14% of the patients.
Compared with the prior SARS-CoV virus, the inflammatory cardiac
changes seen in COVID-19 appear overall more severe. Previously,
autopsies of patients dying from SARS showed that in 35% of
patients, SARS-CoV could be detected in myocardial tissue by PCR,
and in that subset of patients there was a degree of myocardial
macrophage infiltrate comparable with that present in 86% of the
COVID-19 cases in this series.16 The mean age of the patients in the
prior SARS study was 68 years with 45% men, compared with a
mean age of 69 years with 71% men for the COVID-19 patients in
this study. Underlying diseases and comorbidities were not reported
for the SARS group. The mechanisms underlying these macrophage
infiltrations remain uncertain at this time, but in the study by Oudit et
al., it was suggested that SARS-CoV-induced myocardial inflammation
is mediated predominantly by macrophages. Also in that study,
SARS-CoV was not shown to be associated with increased lympho-
cytic infiltrates or multifocal myocarditis as is present with SARS-
CoV-2 infection.

In normal human hearts, the macrophage density is typically <3
cells per �400 high-power field.17 In elderly patients and in the set-
ting of chronic cardiac diseases such as ischaemic heart disease, heart
failure, and amyloidosis, the macrophage density increases, but is
still typically <10 cells per �400 high-power field.18,19 The high
degree of macrophage infiltration seen in these patients with

COVID-19 (20–177 cells per �400 high-power field) and previously
with SARS,16 is uncommon, but not unique to coronavirus infection.
Patients dying from bacterial sepsis have macrophage densities in the
myocardium of the order of 26 cells per �400 high-power field,20

similar to those of the COVID-19 patients. Thus, the high levels of
myocardial macrophages in these COVID-19 patients may largely re-
sult from the elevated systemic levels of proinflammatory cytokines.
Patients with severe COVID-19 have been shown to have systemic
elevations of the proinflammatory cytokines interleukin-6 (IL-6) and
tumour necrosis factor-a (TNF-a).3,21 The macrophage infiltration
may reflect underlying diseases rather than COVID-19.

While there was a non-significant trend toward higher troponin
levels in the patients with myocarditis in this study, myocarditis does
not fully explain the elevated troponin levels seen in patients with
COVID-19. Other forms of myocardial injury such as right ventricu-
lar strain are clearly contributing to elevated troponin levels in these
patients. All of the patients with multifocal myocarditis in this series
had new electrocardiography changes including atrial fibrillation in
two cases, and new ST-segment depression in the setting of chronic
atrial fibrillation in the third case. Given that the majority of patients
with COVID-19 have increased macrophages in the heart, it may also
be challenging to discern which of these patients have actual lympho-
cytic myocarditis by imaging studies.

While the presence of virus in cardiac macrophages on electron
microscopy has been reported, we were unable to verify this find-
ing.13 However, so far, the electron microscopy in this patient series
has only been completed in three cases without actual myocarditis.

Figure 5 Myocardial small vessel changes. (A and B) Organizing microthrombus (arrow) in a small myocardial artery (A, H&E,�400) and organizing
venous thrombus (arrow) (B, H&E,�100) in a 70-year-old man. (C) Thrombus (arrow) in a small myocardial vein (H&E,�200) in a 71-year-old man.
(D and E) Leucocyte aggregates (mainly neutrophils and mononuclear cells, arrows) in capillaries and small veins in a 64-year-old man (H&E,�400).
(F–H) A 44-year-old man with eosinophils and mononuclear cells (arrow) filling the lumen of a small dilated vein (F, H&E,�200) and intravascular T
lymphocytes (arrows) in myocardial small veins (double immunostaning CD68 brown/CD3 red: G�200; H�400). Scale bars represent 20 lm (A),
100 lm (B, C, F, G), and 50 lm (D, E, H).
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Preliminary observations in the literature, together with the obser-
vations in this series, suggest that myocardial injury with or without
depressed cardiac function in these patients may result from aetiolo-
gies other than viral myocarditis. Acute myocardial tissue injury might
be related to elevated cytokines, hypoxaemia, right ventricular strain,
and thrombotic complications. Both myocardial microvascular
thrombi and right ventricular strain injury were present in some of

the patients in this series. Thus, the term myocarditis should be used
cautiously in describing patients with elevated troponin levels in the
setting of COVID-19, particularly in the absence of more specific
diagnostic testing such as endomyocardial biopsy and/or cardiac mag-
netic resonance imaging, which may be difficult to obtain in these
patients.

Details of the cardiac pathology from autopsies of patients dying
with COVID-19 are currently very limited. Despite the high mortality
rate worldwide, only a few studies, comprising a small number of
patients, have so far reported information concerning the cardiac
pathology in these patients.10,12,14,15 Some of these studies employed
limited diagnostic approaches such as biopsies. Thus, it is not surpris-
ing that in the few studies published to date, no substantial myocardial
changes have been identified. Our study represents the first series
with extensive histological cardiac examination, with a median of 20
full-thickness blocks of myocardium per case.

This study has several limitations. Molecular analysis for virus in the
myocardium was not performed. While this is the largest and most
detailed study of the cardiac pathology in the setting of COVID-19 to
date, this study is still relatively small, and underpowered for identify-
ing and excluding differences between the groups. Also this series
focused on a subset of patients who died from COVID-19, and the
observations may not be readily extended to all patients with
COVID-19. The definition for diagnosing COVID-19 in patients
infected with SARS-CoV-2 may not have been uniform across the
institutions of this multicentre study. Only limited bedside echocardi-
ography was performed on a small number of the patients.
Electrocardiographic findings were based on documented clinical
observations, and were not obtained in a standardized fashion.
Likewise, there was not a uniform process for obtaining the autopsies
in this series, and the results may not be readily extended to all
patients dying with COVID-19. This study was retrospective in na-
ture, and not all cases were sampled for histology in the same man-
ner. For this study, we used the stringent criterion of multiple foci of
inflammation associated with myocardial injury for a diagnosis of
myocarditis. Thus, there is high confidence that the three cases meet-
ing this criterion have myocarditis. There were six additional cases
with lymphocytic infiltrates but no or only focal myocyte injury. In
some previous studies not related to COVID-19, particularly involv-
ing endomyocardial biopsies, such pathology was regarded as myo-
carditis.22,23 However, the significance of these lymphocytic infiltrates
with no to only focal myocardial injury in the COVID-19 autopsy
population is currently unclear and may not be indicative of
myocarditis.

In summary, the cardiac pathological changes associated with
SARS-CoV-2 infection appear to be more severe than those associ-
ated with the previous SARS-CoV outbreak. In the setting of SARS-
CoV-2 infection, there is increased interstitial myocardial macro-
phages in a majority of the cases and multifocal lymphocytic myocar-
ditis in a small fraction of the cases. Other forms of myocardial injury
are also present in these patients, such as right ventricular strain
injury.

Supplementary material

Supplementary material is available at European Heart Journal online.

Figure 6 Quantification of inflammatory cells. There were more
CD68þ macrophages (A) and CD3þ lymphocytes (B) in the myo-
carditis group compared with the no myocarditis group. There
were no differences in inflammatory cell density between the left
and right ventricles for either group. Horizontal bars indicate the
median values. Overall P = 0.01 (A) and P = 0.005 (B).
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Figure 7 Cardiac pathological changes associated with COVID-19.
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