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RETROSPECTIVE CLINICAL TRIALS

• COVID-19 primarily effects the upper respiratory tract causing pneumonia, respiratory 
failure and acute respiratory distress syndrome, there have also been many reports of 
cardiovascular involvement 

• Retrospective Single Study Trials
• Huang et al. Lancet 2020
• Chen et al. Lancet 2020
• Wang et al. JAMA 2020

• Retrospective Multi Center Studies
• Wu et al. JAMA 2020
• Guan et al. NEJM 2020

• COVID-19 infection can also present with isolated cardiac symptoms, even in the absence 
of respiratory symptoms (Inciardi et al. JAMA Cardiol 2020)
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IMPORTANCE Virus infection has been widely described as one of the most common causes of
myocarditis. However, less is known about the cardiac involvement as a complication of
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection.

OBJECTIVE To describe the presentation of acute myocardial inflammation in a patient with
coronavirus disease 2019 (COVID-19) who recovered from the influenzalike syndrome and
developed fatigue and signs and symptoms of heart failure a week after upper respiratory
tract symptoms.

DESIGN, SETTING, AND PARTICIPANT This case report describes an otherwise healthy
53-year-old woman who tested positive for COVID-19 and was admitted to the cardiac care
unit in March 2020 for acute myopericarditis with systolic dysfunction, confirmed on cardiac
magnetic resonance imaging, the week after onset of fever and dry cough due to COVID-19.
The patient did not show any respiratory involvement during the clinical course.

EXPOSURE Cardiac involvement with COVID-19.

MAIN OUTCOMES AND MEASURES Detection of cardiac involvement with an increase in levels
of N-terminal pro–brain natriuretic peptide (NT-proBNP) and high-sensitivity troponin T,
echocardiography changes, and diffuse biventricular myocardial edema and late gadolinium
enhancement on cardiac magnetic resonance imaging.

RESULTS An otherwise healthy 53-year-old white woman presented to the emergency
department with severe fatigue. She described fever and dry cough the week before. She was
afebrile but hypotensive; electrocardiography showed diffuse ST elevation, and elevated
high-sensitivity troponin T and NT-proBNP levels were detected. Findings on chest
radiography were normal. There was no evidence of obstructive coronary disease on
coronary angiography. Based on the COVID-19 outbreak, a nasopharyngeal swab was
performed, with a positive result for SARS-CoV-2 on real-time reverse transcriptase–
polymerase chain reaction assay. Cardiac magnetic resonance imaging showed increased wall
thickness with diffuse biventricular hypokinesis, especially in the apical segments, and severe
left ventricular dysfunction (left ventricular ejection fraction of 35%). Short tau inversion
recovery and T2-mapping sequences showed marked biventricular myocardial interstitial
edema, and there was also diffuse late gadolinium enhancement involving the entire
biventricular wall. There was a circumferential pericardial effusion that was most notable
around the right cardiac chambers. These findings were all consistent with acute
myopericarditis. She was treated with dobutamine, antiviral drugs (lopinavir/ritonavir),
steroids, chloroquine, and medical treatment for heart failure, with progressive clinical and
instrumental stabilization.

CONCLUSIONS AND RELEVANCE This case highlights cardiac involvement as a complication
associated with COVID-19, even without symptoms and signs of interstitial pneumonia.

JAMA Cardiol. doi:10.1001/jamacardio.2020.1096
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• 53F with no prior medical history presenting to Niguarda Hospital in Milan, Italy in 
March 2020 with chest pain and dyspnea

• Presenting VS: afebrile, HR 100 bpm, BP 90/50 mmHg, SpO2 98% RA



T he first cases of coronavirus disease !"#$ (COVID-#$)
were reported in December !"#$, originating in Wu-
han, China,# with rapid spread worldwide, and COVID-#$

became a public health emergency of international concern.!

The pathogen has been identified as a novel enveloped RNA
beta-coronavirus and has been named severe acute respira-
tory syndrome coronavirus ! (SARS-CoV-!).% The clinical course
of SARS-CoV-! infection is mostly characterized by respira-
tory tract symptoms, including fever, cough, pharyngodynia,
fatigue, and complications related to pneumonia and acute re-
spiratory distress syndrome.&

Data regarding cardiovascular involvement due to SARS-
CoV-! infection are less described. Previous severe acute re-
spiratory syndrome (SARS) beta-coronavirus infections could
be associated with tachyarrhythmias and signs and symp-
toms of heart failure.' The present report describes a case of
cardiac involvement in a patient affected by COVID-#$. The pa-
tient provided written informed consent, and the diagnostic
procedures were conducted in accordance with institutional
guidelines about the protection of human subjects.

Report of a Case
An otherwise healthy '%-year-old white woman without pre-
vious history of cardiovascular disease presented to the emer-
gency department with severe fatigue for ! previous days. She
denied chest pain, dyspnea, and further symptoms. She re-
ported having fever and cough the week before.

On arrival to the emergency department, physical exami-
nation revealed blood pressure of $"/'" mm Hg, heart rate of
#"" beats per minute, oxygen saturation of $(% while breath-
ing ambient air, and body temperature of %).) °C. (She re-
mained afebrile during the subsequent clinical course.) Arte-
rial gas analysis showed a pH of *.&), oxygen partial pressure
of (! mm Hg, carbon dioxide partial pressure of %! mm Hg, and

lactate level of #*.# mg/dL (to convert to millimoles per liter,
multiply by ".###). A #!-lead electrocardiogram (ECG) showed
low voltage in the limb leads, minimal diffuse ST-segment el-
evation (more prominent in the inferior and lateral leads), and
an ST-segment depression with T-wave inversion in lead V# and
aVR (Figure !A).

Findings on chest radiography were unremarkable
(Figure #B). Blood tests revealed elevated levels of markers of
myocyte necrosis (high-sensitivity troponin T level of ".!&
ng/mL [to convert to micrograms per liter, multiply by #] and
creatine kinase–MB level of !".% ng/mL [to convert to micro-
grams per liter, multiply by #]), elevated N-terminal pro–
brain natriuretic peptide (NT-proBNP) levels (')&* pg/mL [to
convert to nanograms per liter, multiply by #]), slight increase
in C-reactive protein levels (#.% mg/dL [to convert to milli-
grams per liter, multiply by #"), and normal blood cell counts
(Table). Blood sample tests also revealed hyperkalemia, hy-
ponatremia, and hypochloremia. These abnormalities were
treated with kayexalate, glucose and insulin solution, and so-
dium bicarbonate. Given the echocardiography changes, re-
gional wall motion abnormalities, and elevated markers of

Key Points
Question What are the cardiac complications associated with the
emerging outbreak of coronavirus disease 2019 (COVID-19)?

Findings In this case report, an otherwise healthy 53-year-old
patient developed acute myopericarditis with systolic dysfunction
confirmed on cardiac magnetic resonance imaging a week after
onset of fever and dry cough due to COVID-19. The patient was
treated with inotropic support, antiviral drugs, corticosteroids,
and chloroquine, with progressive stabilization of the clinical
course.

Meaning The emerging outbreak of COVID-19 can be associated
with cardiac involvement, even after the resolution of the upper
respiratory tract infection.

Figure 1. Electrocardiographic and Chest Radiographic Findings

ElectrocardiographyA Chest radiographyB

A, Electrocardiography showing sinus rhythm with low voltage in the limb leads,
diffuse ST-segment elevation (especially in the inferior and lateral leads), and
ST-segment depression with T-wave inversion in leads V1 and aVR. B,

Posteroanterior chest radiography at presentation. No thoracic abnormalities
were noted.
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myocardial necrosis, urgent coronary angiography was per-
formed, which showed no evidence of obstructive coronary
disease.

The patient was admitted to the intensive care unit with
a diagnosis of suspected myopericarditis. Based on the clini-
cal history and the COVID-!" outbreak, COVID-!" was deemed
as likely. A nasopharyngeal swab was performed with a posi-
tive result for SARS-CoV-# on real-time reverse transcriptase–
polymerase chain reaction assay. Search for common cardio-
tropic infectious agents yielded negative results.

Transthoracic echocardiography revealed normal left ven-
tricular (LV) dimensions with an increased wall thickness (in-
terventricular septum, !$ mm, posterior wall, !$ mm) and a
diffuse echo-bright appearance of the myocardium. There was
diffuse hypokinesis, with an estimated LV ejection fraction
(LVEF) of $%%. There was no evidence of heart valve disease.
Left ventricular diastolic function was mildly impaired with
mitral inflow patterns, with an E/A ratio of %.& and an average
E/e' ratio of !#. There was a circumferential pericardial effu-
sion that was most notable around the right cardiac cham-
bers (maximum, !! mm) without signs of tamponade. Cardiac
magnetic resonance imaging (MRI) confirmed the increased
wall thickness with diffuse biventricular hypokinesis, espe-
cially in the apical segments, and severe LV dysfunction (LVEF
of ()%) (Video ! and Video "). Short tau inversion recovery and
T#-mapping sequences showed marked biventricular myocar-
dial interstitial edema. Phase-sensitive inversion recovery se-
quences showed diffuse late gadolinium enhancement ex-

tended to the entire biventricular wall (Figure "). The
myocardial edema and pattern of late gadolinium enhance-
ment fulfilled all the Lake Louise criteria for the diagnosis of
acute myocarditis.* The circumferential pericardial effusion
was confirmed, especially around the right cardiac chambers
(maximum, !# mm).

During the first days of her hospitalization, the patient re-
mained hypotensive (systolic blood pressure less than "% mm
Hg) and required inotropic support (dobutamine) in the first
$+ hours, during which there was a further increase in levels
of NT-proBNP (+$*) pg/mL), high-sensitivity troponin T (%.)"
ng/mL), and creatine kinase–MB (("." ng/mL), with a progres-
sive stabilization and reduction during the following days
(Table). Blood pressure progressively stabilized, although sys-
tolic pressure remained less than !%% mm Hg, and dobuta-
mine treatment was weaned on day $. Heart failure–directed
medical treatment was started with daily doses of )% mg of kan-
renone, #) to )% mg of furosemide, and #.) mg of bisoprolol,
then reduced and finally withdrawn on day ) owing to sinus
bradycardia. The patient was treated on admission with intra-
venous aspirin ()%% mg twice daily), and given the cardiac MRI
findings, hydroxychloroquine (#%% mg twice daily), lopinavir/
ritonavir (# tablets of #%%/)% mg twice daily), and intrave-
nous methylprednisolone (! mg/kg daily for ( days)&,+ were ad-
ministrated. Chest radiography was repeated on day $ and
showed no thoracic abnormalities. Transthoracic echocardi-
ography, performed on day *, revealed a significant reduc-
tion of LV wall thickness (interventricular septum, !! mm; pos-

Table. Clinical Laboratory Results

Measure Reference range

Result

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7
Red blood cell count, !106/"L 4.0-5.2 5.5a 4.6 4.0b 3.9b 3.8b 3.6b 3.7b

Hemoglobin, g/dL 12.0-16.0 17.1a 14.5 12.4 11.9b 12.0 11.4b 11.2b

Hematocrit, % 37.0-47.0 49.3a 42.1 36.0b 34.9b 35.1b 33.9b 33.6b

White blood cell count, per "L 4000-10 800 8900 12 090a 9920 10 900 13 470a 13 730a 13 500a

Lymphocyte count

Relative, % 20.0-40.0 10.6b NA NA NA NA NA 7.7b

Absolute, per "L 900-4000 950 NA NA NA NA NA 1040

Platelet count, !103/"L 130-400 152 168 164 213 317 317 360

Sodium, mEq/L 136-145 129b 133b 129b 136 132b 134b 137

Potassium, mEq/L 3.4-4.5 5.7a 6.3a 3.9 3.7 3.5 3.6 3.6

Chloride, mEq/L 98-107 89b 96b 92b 92b NA 92b 94b

Calcium, mg/dL 8.60-10.20 8.63 NA 7.84b 8.15b NA NA NA

Creatinine, mg/dL 0.60-1.00 0.75 0.76 0.53b 0.88 0.99 0.96 0.80

C-reactive protein, mg/dL <0.5 1.3a 0.7a 1.0a 1.1a 0.6 0.4 0.3

Creatine kinase–MB, ng/mL <4.9 20.3a 39.9a 30.7a 13.3 5.2 3.3 2.8

High-sensitivity troponin T, ng/mL <0.01 0.24 0.59 0.78 0.89 0.76 0.65a 0.63a

NT-proBNP, pg/mL <300c 5647 8465 8133 5113 2827 NA NA

Abbreviations: NA, not applicable; NT-proBNP, N-terminal pro–brain natriuretic
peptide.
SI conversion factors: To convert red blood cell count to !1012 per liter, multiply
by 1; hemoglobin to grams per liter, multiply by 10; white blood cell count to
!109 per liter, multiply by 0.001; lymphocyte count to !109 per liter, multiply by
0.001; platelet count to !109 per liter, multiply by 1; sodium to millimoles per
liter, multiply by 1; potassium to millimoles per liter, multiply by 1; chloride to
millimoles per liter, multiply by 1; C-reactive protein to milligrams per liter,

multiply by 10; creatine kinase–MB to micrograms per liter, multiply by 1;
high-sensitivity troponin T to micrograms per liter, multiply by 1; and NT-proBNP
to nanograms per liter, multiply by 1.
a The value in the patient was greater than normal.
b The value in the patient was less than normal.
c Less than 300 pg/mL was a rule-out for acute heart failure; greater than 900

pg/mL was a rule-in for acute heart failure.
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terior wall, !" mm), an improvement of LVEF to ##%, and a
slight decrease of pericardial effusion (maximum, $-% mm).
At the time of submission, the patient was hospitalized with
progressive clinical and hemodynamic improvement.

Discussion
Herein, we describe a patient without a history of cardiovas-
cular disease admitted to the hospital with COVID-!% and se-
vere LV dysfunction and acute myopericarditis. Our main find-
ings are that cardiac involvement may occur with COVID-!%

even without respiratory tract signs and symptoms of infec-
tion.

After the first cases describing pneumonia cases of un-
known origin in Wuhan, China, SARS-CoV-& rapidly spread
worldwide with critical challenges for the public health and
medical communities.!,& The World Health Organization has
declared SARS-CoV-& a public health emergency of interna-
tional concern, with a global estimate of %$ !%& laboratory-
confirmed cases and ''$" deaths as of March (, &"&".

A &"&" report by the China Medical Treatment Expert
Group for COVID-!%% showed the spectrum of clinical and di-
agnostic features associated with SARS-CoV-& infection among

Figure 2. 1.5-Tesla Cardiac Magnetic Resonance Imaging

STIR sequence in short-axis viewA STIR sequence in 4-chamber viewB

T2-mapping sequence in short-axis viewC T2-mapping sequence in 4-chamber viewD

PSIR sequence in short-axis viewE PSIR sequence in 4-chamber viewF

Short tau inversion recovery (STIR)
sequences in short-axis view (A) and
4-chamber view (B) showed diffuse
myocardial signal hyperintensity of
the biventricular wall, suggesting
interstitial edema. Results were
confirmed on the T2-mapping
sequences in short-axis view (C) and
4-chamber view (D). Phase-sensitive
inversion recovery (PSIR) sequences
in short-axis view (E) and 4-chamber
view (F) showed diffuse biventricular
late gadolinium enhancement. All
images demonstrated a
circumferential pericardial effusion,
especially around the right ventricle.
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RETROSPECTIVE CLINICAL TRIALS

• Retrospective studies from Wuhan University examining cardiovascular disease in COVID-19 (Guo et al. 
JAMA Cardiol 2020, Shi et al. JAMA Cardiol 2020)

• Patients with baseline cardiovascular disease have increased mortality during COVID-19
• 7.62% mortality in patients without prior CVD and with normal TnT
• 13.33% morality in patients WITH prior CVD and with normal TnT

• Patients who experience acute myocardial injury during COVID-19 infection have worse mortality even 
in the absence of baseline symptoms (although baseline cardiovascular disease + acute myocardial 
injury had higher mortality)
• 37.5% mortality in patients without prior CVD with ELEVATED TnT
• 69.44% mortality in patients WITH prior CVD and with ELEVATED TnT

• Acute myocardial injury alone, even without LV dysfunction, was associated with higher mortality, 
however those with LV dysfunction had the worst mortality of any age group

• Cardiovascular complications of COVID-19 infection are a major contributor to patient mortality, but the 
pathophysiology underlying this cardiac injury is not presently understood



PROPOSED MECHANISMS OF MYOCARDIAL INJURY

• Type I MI/Plaque Rupture
• Increased rates of type I MI in influenza (Nguyen JAMA Cardiol 2016, Kwong NEJM 2018)

• Type II MI/Demand Ischemia
• Similar to that seen in severe sepsis

• Acute Fulminant Myocarditis
• Similar to that seen with MERS (Alhogbani Ann Saudi Med 2016)
• Would require viremia and direct infection of myocardium since viral entry is most likely mediated by 

infection of nasopharyngeal cells, and virus was detected in blood in only a minority of patients (To 
Lancet Infect Dis 2020)

• Cytokine Storm-mediated Injury
• Autoimmune response to viral infection mediates end-organ damage
• “Secondary hemophagocytic lymphohistiocytosis”

• ACE2-mediated direct infection of myocardial cells (Oudit J Clin Invest 2009, Wrapp Science 2020, Patel Circ
Res 2016)
• Direct infection of cardiomyocytes
• Vascular/Endothelial dysfunction

• Limited myocardial tissue pathology has been completed to date

Bonow, Fonarow, O’Gara, Yancy. JAMA Cardiology 2020
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See Online for appendix

Pathological findings of COVID-19 associated with acute 
respiratory distress syndrome 
Zhe Xu*, Lei Shi*, Yijin Wang*, Jiyuan Zhang, Lei Huang, Chao Zhang, Shuhong Liu, Peng Zhao, Hongxia Liu, Li Zhu, Yanhong Tai, Changqing Bai, 
Tingting Gao, Jinwen Song, Peng Xia, Jinghui Dong, Jingmin Zhao, Fu-Sheng Wang

Since late December, 2019, an outbreak of a novel 
coronavirus disease (COVID-19; previously known as 
2019-nCoV)1,2 was reported in Wuhan, China,2 which 
has subsequently a!ected 26 countries worldwide. In 
general, COVID-19 is an acute resolved disease but it can 
also be deadly, with a 2% case fatality rate. Severe disease 
onset might result in death due to massive alveolar 
damage and progressive respiratory failure.2,3 As of Feb 15, 
about 66 580 cases have been confirmed and over 
1524 deaths. However, no pathology has been reported 
due to barely accessible autopsy or biopsy.2,3 Here, we 
investigated the pathological characteristics of a patient 
who died from severe infection with severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) by 
postmortem biopsies. This study is in accordance with 
regulations issued by the National Health Commission of 
China and the Helsinki Declaration. Our findings 
will facilitate understanding of the pathogenesis of 
COVID-19 and improve clinical strategies against 
the disease.

A 50-year-old man was admitted to a fever clinic on 
Jan 21, 2020, with symptoms of fever, chills, cough, 
fatigue and shortness of breath. He reported a travel 
history to Wuhan Jan 8–12, and that he had initial 
symptoms of mild chills and dry cough on Jan 14 (day 1 
of illness) but did not see a doctor and kept working 
until Jan 21 (figure 1). Chest x-ray showed multiple 
patchy shadows in both lungs (appendix p 2), and a 
throat swab sample was taken. On Jan 22 (day 9 of 
illness), the Beijing Centers for Disease Control (CDC)  
confirmed by reverse real-time PCR assay that the 
patient had COVID-19.

He was immediately admitted to the isolation ward and 
received supplemental oxygen through a face mask. He 
was given interferon alfa-2b (5 million units twice daily, 
atomisation inhalation) and lopinavir plus ritonavir 
(500 mg twice daily, orally) as antiviral therapy, and 
moxifloxacin (0·4 g once daily, intravenously) to prevent 
secondary infection. Given the serious short ness of 
breath and hypoxaemia, methylprednisolone (80 mg twice 

Cough

Chills

Fever (°C)
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Wuhan Fever clinic Day 1 Day 2 Day 4 Day 5 Day 6Day 3Work

Hospital

WorkWork
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Figure !: Timeline of disease course according to days from initial presentation of illness and days from hospital admission, from Jan 8–27, 2020
SARS-CoV-2=severe acute respiratory syndrome coronavirus 2.
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daily, intravenously) was administered to attenuate lung 
inflammation. Laboratory tests results are listed in the 
appendix (p 4). After receiving medication, his body 
temperature reduced from 39·0 to 36·4 °C. However, his 
cough, dyspnoea, and fatigue did not improve. On day 12 
of illness, after initial presentation, chest x-ray showed 
progressive infiltrate and di!use gridding shadow in 
both lungs. He refused ventilator support in the intensive 
care unit repeatedly because he su!ered from claustro-
phobia; there fore, he received high-flow nasal cannula 
(HFNC) oxygen therapy (60% concentration, flow rate 
40 L/min). On day 13 of illness, the patient’s symptoms 
had still not improved, but oxygen saturation remained 
above 95%. In the afternoon of day 14 of illness, his 
hypoxaemia and shortness of breath worsened. Despite 
receiving HFNC oxygen therapy (100% concentration, 
flow rate 40 L/min), oxygen saturation values decreased 
to 60%, and the patient had sudden cardiac arrest. He 
was immediately given invasive ventilation, chest com-
pression, and adrenaline injection. Unfortunately, the 
rescue was not successful, and he died at 18:31 (Beijing 
time).

Biopsy samples were taken from lung, liver, and heart 
tissue of the patient. Histological examination showed 
bilateral di!use alveolar damage with cellular fibromyxoid 
exudates (figure 2A, B). The right lung showed evident 
desquamation of pneumocytes and hyaline mem brane 
formation, indicating acute respiratory distress syndrome 
(ARDS; figure 2A). The left lung tissue displayed 
pulmonary oedema with hyaline membrane formation, 
suggestive of early-phase ARDS (figure 2B). Inter stitial 
mononuclear inflammatory infiltrates, dominated by 
lymphocytes, were seen in both lungs. Multi nucleated 
syncytial cells with atypical enlarged pneumocytes 

character ised by large nuclei, amphophilic granular cyto-
plasm, and prominent nucleoli were identified in the intra-
alveolar spaces, showing viral cytopathic-like changes. No 
obvious intranuclear or intracytoplasmic viral inclusions 
were identified.

The pathological features of COVID-19 greatly 
resemble those seen in SARS and Middle Eastern 
respiratory syndrome (MERS) coronavirus infection.4,5 In 
addition, the liver biopsy specimens of the patient with 
COVID-19 showed moderate microvesicular steatosis 
and mild lobular and portal activity (figure 2C), indicating 
the injury could have been caused by either SARS-CoV-2 
infection or drug-induced liver injury. There were a few 
interstitial mononuclear inflammatory infil trates, but no 
other substantial damage in the heart tissue (figure 2D).

Peripheral blood was prepared for flow cytometric 
analysis. We found that the counts of peripheral CD4 
and CD8 T cells were substantially reduced, while 
their status was hyperactivated, as evidenced by the 
high proportions of HLA-DR (CD4 3·47%) and CD38 
(CD8 39·4%) double-positive fractions (appendix p 3). 
Moreover, there was an increased concentration of 
highly proinflammatory CCR6+ Th17 in CD4 T cells 
(appendix p 3). Additionally, CD8 T cells were found to 
harbour high concentrations of cytotoxic granules, in 
which 31·6% cells were perforin positive, 64·2% cells 
were granulysin positive, and 30·5% cells were 
granulysin and perforin double-positive (appendix p 3). 
Our results imply that overactivation of T cells, 
manifested by increase of Th17 and high cytotoxicity of 
CD8 T cells, accounts for, in part, the severe immune 
injury in this patient.

X-ray images showed rapid progression of pneumonia 
and some di!erences between the left and right lung. In 
addition, the liver tissue showed moderate microvesicular 
steatosis and mild lobular activity, but there was no 
conclusive evidence to support SARS-CoV-2 infection 
or drug-induced liver injury as the cause. There were 
no obvious histological changes seen in heart tissue, 
suggesting that SARS-CoV-2 infection might not directly 
impair the heart.

Although corticosteroid treatment is not routinely 
recommended to be used for SARS-CoV-2 pneumonia,1 
according to our pathological findings of pulmonary 
oedema and hyaline membrane formation, timely and 
appropriate use of corticosteroids together with ventilator 
support should be considered for the severe patients to 
prevent ARDS development.

Lymphopenia is a common feature in the patients with 
COVID-19 and might be a critical factor associated with 
disease severity and mortality.3 

Our clinical and pathological findings in this severe 
case of COVID-19 can not only help to identify a cause 
of death, but also provide new insights into the 
pathogenesis of SARS-CoV-2-related pneumonia, which 
might help physicians to formulate a timely therapeutic 
strategy for similar severe patients and reduce mortality.

Figure !: Pathological manifestations of right (A) and left (B) lung tissue, liver tissue (C), and heart tissue (D) 
in a patient with severe pneumonia caused by SARS-CoV-2
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Pathological findings of COVID-19 associated with acute 
respiratory distress syndrome 
Zhe Xu*, Lei Shi*, Yijin Wang*, Jiyuan Zhang, Lei Huang, Chao Zhang, Shuhong Liu, Peng Zhao, Hongxia Liu, Li Zhu, Yanhong Tai, Changqing Bai, 
Tingting Gao, Jinwen Song, Peng Xia, Jinghui Dong, Jingmin Zhao, Fu-Sheng Wang

Since late December, 2019, an outbreak of a novel 
coronavirus disease (COVID-19; previously known as 
2019-nCoV)1,2 was reported in Wuhan, China,2 which 
has subsequently a!ected 26 countries worldwide. In 
general, COVID-19 is an acute resolved disease but it can 
also be deadly, with a 2% case fatality rate. Severe disease 
onset might result in death due to massive alveolar 
damage and progressive respiratory failure.2,3 As of Feb 15, 
about 66 580 cases have been confirmed and over 
1524 deaths. However, no pathology has been reported 
due to barely accessible autopsy or biopsy.2,3 Here, we 
investigated the pathological characteristics of a patient 
who died from severe infection with severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) by 
postmortem biopsies. This study is in accordance with 
regulations issued by the National Health Commission of 
China and the Helsinki Declaration. Our findings 
will facilitate understanding of the pathogenesis of 
COVID-19 and improve clinical strategies against 
the disease.

A 50-year-old man was admitted to a fever clinic on 
Jan 21, 2020, with symptoms of fever, chills, cough, 
fatigue and shortness of breath. He reported a travel 
history to Wuhan Jan 8–12, and that he had initial 
symptoms of mild chills and dry cough on Jan 14 (day 1 
of illness) but did not see a doctor and kept working 
until Jan 21 (figure 1). Chest x-ray showed multiple 
patchy shadows in both lungs (appendix p 2), and a 
throat swab sample was taken. On Jan 22 (day 9 of 
illness), the Beijing Centers for Disease Control (CDC)  
confirmed by reverse real-time PCR assay that the 
patient had COVID-19.

He was immediately admitted to the isolation ward and 
received supplemental oxygen through a face mask. He 
was given interferon alfa-2b (5 million units twice daily, 
atomisation inhalation) and lopinavir plus ritonavir 
(500 mg twice daily, orally) as antiviral therapy, and 
moxifloxacin (0·4 g once daily, intravenously) to prevent 
secondary infection. Given the serious short ness of 
breath and hypoxaemia, methylprednisolone (80 mg twice 
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daily, intravenously) was administered to attenuate lung 
inflammation. Laboratory tests results are listed in the 
appendix (p 4). After receiving medication, his body 
temperature reduced from 39·0 to 36·4 °C. However, his 
cough, dyspnoea, and fatigue did not improve. On day 12 
of illness, after initial presentation, chest x-ray showed 
progressive infiltrate and di!use gridding shadow in 
both lungs. He refused ventilator support in the intensive 
care unit repeatedly because he su!ered from claustro-
phobia; there fore, he received high-flow nasal cannula 
(HFNC) oxygen therapy (60% concentration, flow rate 
40 L/min). On day 13 of illness, the patient’s symptoms 
had still not improved, but oxygen saturation remained 
above 95%. In the afternoon of day 14 of illness, his 
hypoxaemia and shortness of breath worsened. Despite 
receiving HFNC oxygen therapy (100% concentration, 
flow rate 40 L/min), oxygen saturation values decreased 
to 60%, and the patient had sudden cardiac arrest. He 
was immediately given invasive ventilation, chest com-
pression, and adrenaline injection. Unfortunately, the 
rescue was not successful, and he died at 18:31 (Beijing 
time).

Biopsy samples were taken from lung, liver, and heart 
tissue of the patient. Histological examination showed 
bilateral di!use alveolar damage with cellular fibromyxoid 
exudates (figure 2A, B). The right lung showed evident 
desquamation of pneumocytes and hyaline mem brane 
formation, indicating acute respiratory distress syndrome 
(ARDS; figure 2A). The left lung tissue displayed 
pulmonary oedema with hyaline membrane formation, 
suggestive of early-phase ARDS (figure 2B). Inter stitial 
mononuclear inflammatory infiltrates, dominated by 
lymphocytes, were seen in both lungs. Multi nucleated 
syncytial cells with atypical enlarged pneumocytes 

character ised by large nuclei, amphophilic granular cyto-
plasm, and prominent nucleoli were identified in the intra-
alveolar spaces, showing viral cytopathic-like changes. No 
obvious intranuclear or intracytoplasmic viral inclusions 
were identified.

The pathological features of COVID-19 greatly 
resemble those seen in SARS and Middle Eastern 
respiratory syndrome (MERS) coronavirus infection.4,5 In 
addition, the liver biopsy specimens of the patient with 
COVID-19 showed moderate microvesicular steatosis 
and mild lobular and portal activity (figure 2C), indicating 
the injury could have been caused by either SARS-CoV-2 
infection or drug-induced liver injury. There were a few 
interstitial mononuclear inflammatory infil trates, but no 
other substantial damage in the heart tissue (figure 2D).

Peripheral blood was prepared for flow cytometric 
analysis. We found that the counts of peripheral CD4 
and CD8 T cells were substantially reduced, while 
their status was hyperactivated, as evidenced by the 
high proportions of HLA-DR (CD4 3·47%) and CD38 
(CD8 39·4%) double-positive fractions (appendix p 3). 
Moreover, there was an increased concentration of 
highly proinflammatory CCR6+ Th17 in CD4 T cells 
(appendix p 3). Additionally, CD8 T cells were found to 
harbour high concentrations of cytotoxic granules, in 
which 31·6% cells were perforin positive, 64·2% cells 
were granulysin positive, and 30·5% cells were 
granulysin and perforin double-positive (appendix p 3). 
Our results imply that overactivation of T cells, 
manifested by increase of Th17 and high cytotoxicity of 
CD8 T cells, accounts for, in part, the severe immune 
injury in this patient.
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steatosis and mild lobular activity, but there was no 
conclusive evidence to support SARS-CoV-2 infection 
or drug-induced liver injury as the cause. There were 
no obvious histological changes seen in heart tissue, 
suggesting that SARS-CoV-2 infection might not directly 
impair the heart.

Although corticosteroid treatment is not routinely 
recommended to be used for SARS-CoV-2 pneumonia,1 
according to our pathological findings of pulmonary 
oedema and hyaline membrane formation, timely and 
appropriate use of corticosteroids together with ventilator 
support should be considered for the severe patients to 
prevent ARDS development.

Lymphopenia is a common feature in the patients with 
COVID-19 and might be a critical factor associated with 
disease severity and mortality.3 

Our clinical and pathological findings in this severe 
case of COVID-19 can not only help to identify a cause 
of death, but also provide new insights into the 
pathogenesis of SARS-CoV-2-related pneumonia, which 
might help physicians to formulate a timely therapeutic 
strategy for similar severe patients and reduce mortality.

Figure !: Pathological manifestations of right (A) and left (B) lung tissue, liver tissue (C), and heart tissue (D) 
in a patient with severe pneumonia caused by SARS-CoV-2
SARS-CoV-2=severe acute respiratory syndrome coronavirus 2.
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We describe the !rst case of acute cardiac injury directly linked to myocardial localization of severe acute respiratory syndrome coronavirus
(SARS-CoV-2) in a 69-year-old patient with "u-like symptoms rapidly degenerating into respiratory distress, hypotension, and cardiogenic
shock. The patient was successfully treated with venous-arterial extracorporeal membrane oxygenation (ECMO) and mechanical ventilation.
Cardiac function fully recovered in 5 days and ECMO was removed. Endomyocardial biopsy demonstrated low-grade myocardial in"ammation
and viral particles in the myocardium suggesting either a viraemic phase or, alternatively, infected macrophage migration from the lung.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Introduction
Acute myocardial involvement in coronavirus disease 2019
(COVID-19) is currently described as ‘acute cardiac injury’,
de!ned as blood levels of cardiac biomarkers [high-sensitivity
troponin I (hs-TnI)] above the 99th-percentile upper reference
limit. It is described in more than 20% of patients and seems to
be related to increased mortality.1,2 The pathogenesis of acute
myocardial injury is unknown. The diagnosis is based upon clin-
ical data, imaging and biomarkers of acute cardiac damage3,4;
the identi!cation of the cause, either myocardial in"ammation
(myocarditis or myopericarditis5), or necrosis, is clinically relevant
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.. for the correct diagnostic and therapeutic management of patients,

especially those with severe infections admitted to the intensive
care unit (ICU).

We describe a COVID-19 patient with "u-like symptoms rapidly
degenerating into respiratory distress, hypotension, and cardio-
genic shock. He was successfully treated with mechanical venti-
lation and venous-arterial extracorporeal membrane oxygenation
(VA-ECMO) implantation as a bridge to recovery. Endomyocar-
dial biopsy (EMB) showed low-grade myocardial in"ammation and
coronavirus particles. Twelve days after weaning from ECMO, with
complete normalization of cardiac function, the patient died of
Gram-negative septic shock. This !rst case unquestionably shows
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Figure 1 Light microscopy immunostaining of the in!ammatory in"ltrate. (A,B) Low- and high-power views of endomyocardial biopsy, with
sparse CD45RO positive interstitial cells. (C,D) Large, vacuolated macrophages immunostained with anti-CD68 antibodies. (E) Ultrastructural
morphology of a large and cytopathic macrophage. (A–D: the bar scale is in the left low corner of each panel. E: the bar scale is in the right
low corner of the panel and corresponds to 2 !m).

that the heart can be directly involved in the infection with clinical
manifestations similar to those of fulminant myocarditis but with
pathology evidence of very low-grade myocardial in!ammation.

Case description
Acute clinical manifestation
and evolution
A 69-year-old patient presented to the emergency department of
the main hospital of a ‘red zone’ town in Lombardy, Italy. He had
been complaining of worsening dyspnoea, persistent cough, and
weakness since 4 days. A lung computed tomography scan showed
diffuse bilateral interstitial in!ammation with sub-pleural consoli-
dations. The nasopharyngeal swab tested positive for COVID-19
on real-time reverse transcriptase-polymerase chain reaction assay.
Blood analysis demonstrated high in!ammatory markers and lym-
phopenia (white blood cell count 23080/mm3, neutrophils 91.4%,
lymphocytes 1.4%, C-reactive protein 52.7 mg/L) and increased
hs-TnI (4332 ng/L). Arterial blood gas analysis showed severe
metabolic acidosis with hyperlactacidaemia (pH 7.2, excess basis
–6 mEq/L, lactates 9 mmol/dL) and hypoxaemia. Non-invasive ven-
tilation was initiated. The "rst echocardiography showed a dilated
left ventricle [left ventricular (LV) end-diastolic diameter 56 mm],
severe and diffuse LV hypokinesia (LV ejection fraction 34%). Three
hours later, LV ejection fraction dropped to 25% and estimated
cardiac index was 1.4 L/min/m2. Coronary angiography "ndings
were unremarkable. An intra-aortic balloon pump (IABP) was ..
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. placed on top of adrenaline (0.07 !g/kg/min), and noradrenaline
(0.1 !g/kg/min) was added for worsening hypotension (systolic
blood pressure: 80/67/60 mmHg). The mobile team from our
third level ECMO center was activated for on-site implantation
of VA-ECMO and patient retrieval to our hospital. After ECMO
institution, the patient developed sudden and marked desatura-
tion requiring orotracheal intubation. On admission to our ICU,
due to maintenance of minimal ventricular ejection and aortic
valve opening, the inotropic support was gradually decreased
and eventually stopped to prevent adrenergic stimulation to the
myocardium (online supplementary Appendix S1). EMB was per-
formed and a venous cannula was added at the right jugular
vein site for persistent severe hypoxaemia, thus upgrading the
VA-ECMO to venous-arterial-venous ECMO. LV function progres-
sively recovered up to normal levels on day 5, when both ECMO
and IABP were discontinued. Twelve days after weaning from
ECMO, the patient suddenly developed Gram-negative pneumo-
nia (Pseudomonas aeruginosa and Klebsiella pneumoniae) and died of
septic shock within a few hours, without any further LV function
impairment.

Endomyocardial biopsy
Endomyocardial biopsy was performed as per protocol in
non-ischaemic cardiogenic shock. Myocardial samples were rapidly
processed for light (n = 3) and electron microscopy (n = 1). The
pathologic study showed low-grade interstitial and endocardial
in!ammation (Figure 1A and 1B). Large (>20 !m), vacuolated,
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Figure 2 Examples of small groups of viral particles (A and B; panel C shows a higher magni!cation of one of the viral particles squared in
dashed red box of panel B) or single particles (D–F) observed within the interstitial cells of the myocardium of the patient. The red arrows
indicate the most typical and easy-to-recognize viral particles, whose size varies from about 70 nm to 120 nm (see the white bars in the panels).
Morphology also shows small differences with more or less prominent spikes of the viral crown. The morphology may also show viral particle
disruption (E, green arrow) or attenuation of spikes of the crown (D and F), or viral particles in budding attitude (F). (Bar scale: A and B, 200 nm;
C, 50 nm; D, 100 nm; E, 100 nm; F, 50 nm).

CD68-positive macrophages were seen with immune-light micro-
scopy (Figure 1C and 1D); they were ultrastructurally characterized
by cytopathy, with membrane damage and cytoplasmic vacuoles
(Figure 1E). The ultrastructural study demonstrated single or small
groups of viral particles with the morphology (dense round viral
envelope and electron-dense spike-like structures on their surface)
and size (variable between 70 and 120 nm) of coronaviruses (Figure
2). COVID-19 infected Vero cells were used as control. The viral
particles were observed in cytopathic, structurally damaged inter-
stitial cells that demonstrated loss of the cytoplasmic membrane
integrity (Figure 3).

Cardiac myocytes showed non-speci!c features consisting of
focal myo!brillar lysis, and lipid droplets. We did not observe viral
particles in myocytes and endothelia. Small intramural vessels were
free from vasculitis and thrombosis. EMB did not show signi!cant
myocyte hypertrophy or nuclear changes; interstitial !brosis was
minimal, focal, and mainly perivascular.

Discussion
We describe the !rst case of biopsy-proven myocardial localiza-
tion of viral particles with morphology and size typical of coron-
avirus in a COVID-19 patient presenting with cardiogenic shock.
While the clinical presentation was suggestive for severe and ..
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. necrotizing acute myocarditis, the pathologic study demonstrated
low-grade myocardial in"ammation and absence of myocyte necro-
sis. Pathologic studies are especially needed for the characteri-
zation of acute myocardial injury in COVID-19 patients admit-
ted to the ICU. Our ultrastructural !ndings are similar to those
observed in autopsy samples from a patient with T-cell lymphoma
and Middle East respiratory syndrome coronavirus (MERS-CoV),6

where viral particles were found in the cytoplasm of pneumo-
cytes and alveolar macrophages, renal proximal tubular epithelial
cells, and macrophages in!ltrating the skeletal muscle. Our obser-
vation of myocardial localization implies either a viraemic phase
or, alternatively, the migration of infected alveolar macrophages
in extra-pulmonary tissues. Although the main target cells for the
virus to infect are epithelial cells and macrophages of the respira-
tory tract,7 COVID-19 RNA has been detected in the small and
large intestine, lymph nodes, spleen, liver, heart, kidney, skeletal
muscle, adrenal gland, and cerebrum, suggesting extra-pulmonary
dissemination and virus localization in different types of tissues
and "uids.8 We observed viral particles in interstitial cytopathic
macrophages and their surroundings. Vice versa, we did not
observe viral particles in cardiac myocytes and, therefore, we
cannot infer on viral cardiotropism. Cardiac myocytes showed
non-speci!c damage that was mainly characterized by focal myo!b-
rillar lysis. In addition, we did not observe cytopathic endothelia
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• 69M presents to ED in Lombardy, Italy with cough, 
shortness of breath and weakness x 4 days

• CT Thorax with bilateral interstitial infiltrates, labs 
with leukocytosis and elevated inflammatory 
markers, ABG with pH 7.2

• TTE with LVEF 35% à 25% within 3 hours
• Cath unremarkable à IABP à worsening 

hypotension à VA-ECMO + intubation
• Transfer to tertiary MC à EMB performed
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Heart with lymphocytic myocarditis and myocytolysis
No other details about case were provided

Bradley et al. Histopathological and Ultrastructural 
Findings in COVID-19 Infection
https://www.medrxiv.org/content/10.1101/2020.04.17.
20058545v1
Post mortem analysis of 12 fatal cases presenting in 
Seattle, WA Feb-Mar 2020 (University of Washington)

Fox et al. Pulmonary and Cardiac Pathology in COVID-19: The First 
Autopsy Series from New Orleans
https://www.medrxiv.org/content/10.1101/2020.04.06.2005057
5v1.full.pdf
Post mortem analysis of 4 fatal cases at University Medical Center 
in New Orleans, LO (LSU/Tulane)

 

FIGURE 3: SARS-CoV-2 cytopathic effects. A) H&E stain of several enlarged pneumocytes within a 
damaged alveolus, having enlarged nuclei, prominent nuceloli, and cytologic atypia. B) Relative 
distribution of dsDNA (red) versus RNA (green) in tissue sections via DRAQ5 and SYTO RNASelect 
fluorescent staining (see Supplementary Methods for staining details). Virally infected cells in alveolar 
spaces show multinucleation and grouping as evidenced by DNA stain, and abundant RNA present within 
the cytoplasm (white arrows), C) Entrapment of immune cells, including degeneration neutrophils, within 
fibrin, and strands of extracellular material with weak DNA staining, and D) Control lung tissue obtained 
at autopsy for non-pulmonary cause of death prior to the SARS-CoV-2 pandemic. E) and F) H&E stains 
of cardiac myocytes with focal degeneration (blue arrows). 

 
Discussion: 

The dominant process in all cases was consistent with diffuse alveolar damage, with a mild to 
moderate mononuclear response consisting of notable CD4+ aggregates around thrombosed 
small vessels, and significant associated hemorrhage.  Important additional mechanisms that may 
have contributed to death in this initial series of autopsies include a thrombotic microangiopathy 
that was restricted to the lungs. This process may involve activation of megakaryocytes, possibly 
those native to the lung, with platelet aggregation and platelet-rich clot formation, in addition to 
fibrin deposition. Small vessel thrombus formation in the lung periphery was in many cases 
associated with foci of alveolar hemorrhage. In one case, extensive fibrin and early organization 
was present, with degenerated neutrophils within the alveoli possibly representing neutrophil 
extracellular traps.1,2 On RNA imaging, we were able to visualize multinucleated cells within 
alveolar spaces, containing abundant RNA, likely representing virally infected cells. These may 
represent the multinucleated cells previously described from a single report of post-mortem 
biopsy from a decedent in China.4 Cardiac findings were significant for a lack of myocarditis, 
and the rise in BNP observed in at least one of our cases was likely due to acute right ventricular 
dilatation. The underlying cause of scattered atypical myocyte degeneration remains uncertain. 
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H&E stains of cardiac myocytes with focal degeneration (blue 
arrows). Myocardium did not show any large or confluent areas of 
myocyte necrosis but did show scattered individual cell necrosis in 
each heart examined.  They did note some lymphocytes adjacent 
to (but not surrounding) these individual necrotic myocytes.  
Possibly early lymphocytic myocarditis

https://www.medrxiv.org/content/10.1101/2020.04.17.20058545v1
https://www.medrxiv.org/content/10.1101/2020.04.06.20050575v1.full.pdf


CONCLUSIONS

• Limited myocardial tissue pathology available
• Patient demographics from the autopsy series are limited
• No basic transcriptomic/molecular data available
• Limited cardiac functional data available


