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Background: Coronavirus disease 2019 (COVID-19) caused by
the novel severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) has rapidly become pandemic, with substantial
mortality.

Objective: To evaluate the pathologic changes of organ sys-
tems and the clinicopathologic basis for severe and fatal
outcomes.

Design: Prospective autopsy study.

Setting: Single pathology department.

Participants: 11 deceased patients with COVID-19 (10 of whom
were selected at random for autopsy).

Measurements: Systematic macroscopic, histopathologic, and
viral analysis (SARS-CoV-2 on real-time polymerase chain reac-
tion assay), with correlation of pathologic and clinical features,
including comorbidities, comedication, and laboratory values.

Results: Patients' age ranged from 66 to 91 years (mean, 80.5
years; 8 men, 3 women). Ten of the 11 patients received prophy-
lactic anticoagulant therapy; venous thromboembolism was not
clinically suspected antemortem in any of the patients. Both
lungs showed various stages of diffuse alveolar damage (DAD),
including edema, hyaline membranes, and proliferation of pneu-
mocytes and fibroblasts. Thrombosis of small and mid-sized pul-
monary arteries was found in various degrees in all 11 patients

and was associated with infarction in 8 patients and broncho-
pneumonia in 6 patients. Kupffer cell proliferation was seen in all
patients, and chronic hepatic congestion in 8 patients. Other
changes in the liver included hepatic steatosis, portal fibrosis,
lymphocytic infiltrates and ductular proliferation, lobular choles-
tasis, and acute liver cell necrosis, together with central vein
thrombosis. Additional frequent findings included renal proxi-
mal tubular injury, focal pancreatitis, adrenocortical hyperplasia,
and lymphocyte depletion of spleen and lymph nodes. Viral RNA
was detectable in pharyngeal, bronchial, and colonic mucosa
but not bile.

Limitation: The sample was small.

Conclusion: COVID-19 predominantly involves the lungs, caus-
ing DAD and leading to acute respiratory insufficiency. Death
may be caused by the thrombosis observed in segmental and
subsegmental pulmonary arterial vessels despite the use of pro-
phylactic anticoagulation. Studies are needed to further under-
stand the thrombotic complications of COVID-19, together with
the roles for strict thrombosis prophylaxis, laboratory, and imag-
ing studies and early anticoagulant therapy for suspected pul-
monary arterial thrombosis or thromboembolism.
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The pandemic spread of the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) causing coro-

navirus disease 2019 (COVID-19) has, within a few
months, led to a global health and economic crisis (1–3).
COVID-19 is usually characterized by symptoms of acute
respiratory infection, such as fever, headache, dry cough,
and shortness of breath, but may show further symptoms
involving the gastrointestinal tract (gastroenteritis-like,
with vomiting and diarrhea, or a hepatitis-like picture) and
the central nervous system (most notably anosmia) (4–8).
Only a small subset of infected individuals becomes se-
verely ill, requiring intensive care and with risk for death,
but this number may increase dramatically through the
high transmission rate of the virus (8–10). Although ad-
vanced age and certain comorbid conditions, such as di-
abetes mellitus and cardiovascular diseases, have been
identified as risk factors for adverse outcome and death,
the individual clinical course can be highly unpredictable
and dynamic, with rapid deterioration of the respiratory
and hemodynamic condition (10–14).

So far, very little is known about the pathologic
findings underlying the clinical presentation of severe

COVID-19. Only a few reports on surgical specimens
and autopsy cases have been published over the past
few months, and detailed information is still limited (15–
17) and was in part obtained by postmortem core bi-
opsies (18, 19). More insights from autopsies have be-
come available from the 2003 SARS-CoV-1 epidemic,
showing that patients with fatal outcome predomi-
nantly had diffuse alveolar damage characterized by
edema, hyaline membranes, and proliferation of pneu-
mocytes and fibroblasts (20). Nevertheless, the pattern
of organ damage caused by SARS-CoV-2 and occurring
in patients with COVID-19 is still incompletely under-
stood. In light of the currently limited options for effec-
tive antiviral treatment, it may be critical to better un-
derstand the morphologic basis for severe and fatal
COVID-19 outcomes (21).

The aim of this detailed autopsy study was to un-
ravel the clinicopathologic basis for adverse outcomes
in patients with a fatal course of COVID-19 by evaluat-
ing the gross and microscopic findings in correlation
with their clinical phenotypes. We used a prospectively
designed systematic approach to perform the autop-
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Table 1. Clinical and Laboratory Characteristics

Characteristic Patient Summary

1 2 3 4 5 6 7 8 9 10 11

Clinical

Age group, y* 80–89 80–89 80–89 80–89 80–89 80–89 80–89 70–79 60–69 90–99 70–79 Mean, 80.55 y

Sex M M F M M M F F M M M 8:3 (M:F)

Site of transmission Hospital Home Home Hospital Home Home Nursing
home

Hospital Nursing
home

Home Home

Onset of symptoms to admission, d 0 0 0 4 5 2 0 1 0 1 7 Mean, 2 d

Onset of symptoms to death, d 4 9 6 11 11 10 4 6 5 10 18 Mean, 8.54 d

Duration of hospitalization, d 4 9 6 7 6 8 4 5 6 9 11 Mean, 6.82 d

Chronic medical illness

Arterial hypertension Yes Yes Yes Yes No Yes Yes Yes No Yes Yes 9/11

Diabetes mellitus Yes Yes No No No No Yes Yes No Yes No 5/11

Coronary artery disease Yes No No Yes No Yes No No No No No 3/11

Previous malignant disease No No No Yes Yes No No No No No No 2/11

COPD No No No No No Yes Yes No No No No 2/11

Cerebrovascular disease Yes Yes Yes No No Yes No No No No No 4/11

Dementia No No No No No No Yes Yes Yes Yes No 4/11

Laboratory

Leukocyte count, × 109 cells/L
(normal range, 4–9 × 109/L)

5.4 5.9 8.1 9.1 12.3 6.26 3.65 21.4 2.9 4.22 7.03

Abnormal leukocyte count No No No Yes Yes No Yes Yes Yes No No 5/11

Neutrophils, % (normal range,
34%–68%)

82 72 84 86 57 86 61 86 65 76 73

Elevated neutrophil level Yes Yes Yes Yes No Yes No Yes No Yes Yes 8/11

Lymphocytes, % (normal range,
22%–53%)

11 19 15 6 12 9 26 12 25 17 14

Low lymphocyte level Yes Yes Yes Yes Yes Yes No Yes No Yes Yes 9/11

Monocytes, % (normal range,
5%–13%)

4 9 2 6 31 4 13 4 10 11 6

Abnormal monocyte level Yes No Yes No Yes Yes No Yes No No No 5/11

Eosinophils, % (normal range,
1%–7%)

2 1 0 1 0 0 0 0 0 0 7

Abnormal eosinophil level No No Yes No Yes Yes Yes Yes Yes Yes No 7/11

Erythrocyte count, × 1012 cells/L
(normal range, 4.6–6.1 × 1012

cells/L)

4.79 3.94 4.46 3.49 4.38 4.13 4.08 4.57 5.7 4.26 3.66

Low erythrocyte count No Yes Yes Yes Yes Yes Yes Yes No Yes Yes 9/11

Hemoglobin level, g/L (normal
range, 130–180 g/L)

135 124 126 107 134 127 130 132 164 125 108

Low hemoglobin level No Yes Yes Yes No Yes No No No Yes Yes 6/11

Hematocrit, % (normal range,
40%–51%)

38 38 39 30 40 38 39 38 51 38 34

Low hematocrit Yes Yes Yes Yes No Yes Yes Yes No Yes Yes 9/11

Platelet count, × 109 cells/L (normal
range, 150–370 × 109 cells/L)

130 158 251 338 209 223 211 351 173 152 172

Low platelet count Yes No No No No No No No No No No 1/11

LDH level, U/L (normal range,
120–240 U/L)

454 NA 502 609 363 634 294 442 407 719 308

Elevated LDH level Yes NA Yes Yes Yes Yes Yes Yes Yes Yes Yes 10/11

AST level, U/L (normal range,
10–50 U/L)

76 NA 51 17 42 148 25 32 78 189 56

Elevated AST level Yes NA Yes No No Yes No No Yes Yes Yes 6/10

ALT level, U/L (normal range, 10–50
U/L)

60 56 23 24 19 98 22 20 31 55 43

Elevated ALT level Yes Yes No No No Yes No No No Yes No 4/11

GGT level, U/L (normal range,
10–71 U/L)

191 142 342 39 275 240 21 18 23 212 116

Elevated GGT level Yes Yes Yes No Yes Yes No No No Yes Yes 7/11

Bilirubin level

μmol/L (normal range, 5.1–20.5
μmol/L)

5.1 11.9 6.8 5.1 23.9 8.5 8.5 15.3 6.8 11.8 15.3

mg/dL (normal range, 0.30–1.20
mg/dL)

0.3 0.7 0.4 0.3 1.4 0.5 0.5 0.9 0.4 0.69 0.9

Elevated bilirubin level No No No No Yes No No No No No No 1/11

Troponin level, ng/L (normal range,
0–34.2 ng/L)

NA NA 24 NA 86 NA NA 7.4 NA 1264 3

Elevated troponin level NA NA No NA Yes NA NA No NA Yes No 2/5

Continued on following page
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sies and to study organ changes macro- and micro-
scopically and relate them to key clinical features.
Moreover, we provide a comprehensive and systematic
clinicopathologic evaluation of key multiorgan involve-
ment and failure in COVID-19.

METHODS
Case Selection and Autopsy Material

The study was prospectively designed, and all au-
topsies on patients with COVID-19 in our hospital were
done according to the same protocol.

The Hospital Graz II is the second largest public
and academic teaching hospital in the region of Styria,
Austria (1.2 million inhabitants) and was designated the
COVID-19 center of the region at the beginning of the

outbreak of the pandemic. From 28 February to 14
April 2020, 242 patients with COVID-19 were treated in
our hospital, of whom 48 died. Autopsy was performed
in 11 of the 48 deceased patients (23%), of whom 10
were selected at random; in 1 case, the treating inten-
sive care specialist requested autopsy. The number of
patients randomly selected for autopsy was influenced
by the daily number of deceased patients, together
with our infrastructural, time, and personnel constraints.
There were no medical exclusion criteria. According to
federal Austrian hospital law, an autopsy in a public
hospital is mandatory without requirement of an in-
formed consent by the relatives when the cause of
death is unclear, scientific or public interest is present,
or health authorities or a court order the autopsy. Never-

Table 1—Continued

Characteristic Patient Summary

1 2 3 4 5 6 7 8 9 10 11

CRP level, nmol/L (normal
range, 0–47.6
nmol/L)

1371.4 342.9 2361.9 1600.0 3466.7 1000.0 238.1 1190.5 809.5 1028.6 2581.0

Elevated CRP level Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 11/11

Ferritin level, μg/L
(normal range,
22.0–275.0 μg/L)

NA NA NA NA 3585.24 1799.42 501.65 566.3 269.23 554.1 3277.1

Elevated ferritin level NA NA NA NA Yes Yes Yes Yes No Yes Yes 6/7

Procalcitonin level, μg/L
(normal range,
0.00–0.05 μg/L)

0.02 0.02 NA 0.05 12.6 2.26 0.03 3.71 NA 0.24 3.29

Elevated procalcitonin
level

No No NA No Yes Yes No Yes NA Yes Yes 5/9

INR NA 1.1 0.9 1.2 2.2 1.1 1.2 1.1 1.2 1.1 1.2

Quick value, % (normal
range, 70%–130%)

NA 79 119 77 49 78 71 80 74 85 68

Abnormal value NA No No No Yes No No No No No Yes 2/10

APTT, s (normal range,
25.1–36.5 s)

34 NA 26.6 32.6 32 38 30.1 24.7 31 32.2 79.5

Abnormal APTT No NA No No No No No No No No Yes 1/11

D-dimer level, μg/L
(normal range, 0–500
μg/L)

NA NA NA NA 15 532 1331 3580 3927 439 1013 6466

Elevated D-dimer level NA NA NA NA Yes Yes Yes Yes No Yes Yes 6/7

Fibrinogen level, μmol/L
(normal range,
5.8–11.6 μmol/L)

14.6 NA 14.6 8.3 21.4 NA NA 6.9 NA NA 14.3

Elevated fibrinogen level Yes NA Yes No Yes NA NA No NA NA Yes 4/7

Urea nitrogen level

mmol/L (normal range,
3.57–17.85 mmol/L)

16.07 11.43 18.21 11.43 54.99 41.42 NA 32.85 NA 26.07 34.28

mg/dL (normal range,
10–50 mg/dL)

45 32 51 32 154 116 NA 92 NA 73 96

Elevated urea level No No Yes No Yes Yes NA Yes NA Yes Yes 6/9

Creatinine level

μmol/L (normal range,
62–106 μmol/L)

87 71 80 50 219 218 50 128 103 86 156

mg/dL (normal range,
0.70–1.20 mg/dL)

0.98 0.8 0.9 0.57 2.48 2.47 0.56 1.45 1.17 0.97 1.77

Abnormal creatinine level No No No Yes Yes Yes Yes Yes No No Yes 6/11

eGFR (normal range,
90.0–120.0 mL/min
per 1.73 m2)

72.5 85 58.9 97 22.9 23.7 87.7 34.3 65 68 36.2

Low eGFR Yes Yes Yes No Yes Yes Yes Yes Yes Yes Yes 10/11

ALT = alanine aminotransferase; APTT = activated partial thromboplastin time; AST = aspartate aminotransferase; COPD = chronic obstructive
pulmonary disease; CRP = C-reactive protein; CVD = cerebrovascular disease; eGFR = estimated glomerular filtration rate; GGT = �-glutamyltransferase; INR =
international normalized ratio; LDH = lactate dehydrogenase; NA = not assessed.
* To prevent identification of individual patients, the age group is reported in decades.
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theless, religious reasons or an explicit wish from the pa-
tients' relatives to abstain from autopsy would be re-
spected, if possible. In this study, autopsy was performed
in accordance with the law owing to the unknown cause
of death, and to both scientific and public interest in a
novel disease. No informed consent was obtained from
the families. All performed procedures and investigations
were in accordance with the ethical standards of the insti-
tutional research committee and with the 1964 Declara-
tion of Helsinki and its later amendments.

All patients fulfilled the World Health Organization
criteria for COVID-19 (www.who.int) and presented
with fever and acute respiratory symptoms, including
cough, dyspnea, and hypoxia on pulse oximetry. All
tested positively for SARS-CoV-2 RNA by polymerase
chain reaction (PCR) assay either before or at admission
to our hospital. The clinical information was retrieved
from the electronic files of the hospital information sys-
tem (MEDOCS) of the Styrian hospital corporation and
was carefully reviewed by 2 of the treating specialists
for internal medicine.

Swabs were collected by using the Copan ESwab
collection system containing 1 mL of transport medium.
Samples were tested for SARS-CoV-2 RNA at the Mo-
lecular Diagnostics Laboratory, Medical University of
Graz, within 12 hours of arrival. Presence of SARS-
CoV-2 RNA was determined by real-time PCR using the
in vitro diagnostics/Conformité Européenne–labeled
Cobas SARS-CoV-2 Test (Roche) for use on the Cobas
6800/8800 Systems (Roche Molecular Diagnostics) (22,
23). Selective amplification of target nucleic acid from
the sample was achieved by the use of target-specific
forward and reverse primers for ORF1a/b nonstructural
region that is unique to SARS-CoV-2. In addition, a con-
served region in the structural protein envelope E-gene
was chosen for pan-Sarbecovirus detection. The pan-
Sarbecovirus detection sets also detect SARS-CoV-2 virus.

Autopsy Procedure
To reduce the probability of transmission of active

virus, the autopsies were performed at earliest 48 hours
after death. For the autopsies, we used protective mea-

Table 2. Pathologic Findings

Pathologic Findings Patient

1 2 3 4 5 6

Lungs

Edema Yes Yes No Yes Yes Yes

Hyaline membranes Yes Yes Yes Yes Yes No

Proliferation* No Yes Yes Yes Yes No

Pulmonary artery thrombosis Yes Yes Yes Yes Yes Yes

Infarction Yes Yes Yes Yes Yes Yes

Pneumonia No Yes No No Yes Yes

Emphysema +/++ ++ ++ +++ +++ ++

Liver

Steatosis ++ +++ +++ ++ ++ +

Chronic congestion No No Yes Yes Yes Yes

Hepatocyte necrosis No Single cells Massive Single cells Single cells No

Kupffer cell proliferation Nodular Nodular NA Nodular Nodular Nodular

Cholestasis Yes Yes Yes No No Yes

Fibrosis No No No Portal No No

Other portal changes No Lymphocytic
infiltrate,
ductular
proliferation

No Lymphocytic
infiltrate,
ductular
proliferation

Lymphocytic
infiltrate,
ductular
proliferation

Lymphocytic
infiltrate,
ductular
proliferation

Heart

Myocardial hypertrophy Yes Yes Yes Yes Yes Yes

Coronary small vessel disease No Yes Yes Yes No No

Myocardial fibrosis Yes Yes Yes Yes Yes Yes

Other cardiac changes Endocardial thrombi
left ventricle

No Thrombosis of a
myocardial vein

No No No

Kidneys

Nodular glomerulosclerosis Yes No Yes No No No

Benign nephrosclerosis Yes Yes Yes Yes Yes Yes

Acute tubular injury (necrosis) Yes Yes Yes Yes Yes Yes

Other renal changes No Cortical fibrosis No No No No

Other organs

Pancreatitis (focal) Yes No Yes No No No

Adrenal cortical hyperplasia NA NA Nodular Diffuse No Nodular

Lymphocyte depletion, spleen Yes Yes Yes Yes Yes Yes

Lymphocyte depletion, lymph node Yes Yes Yes Yes Yes Yes

NA = not assessed.
* Proliferation of pneumocytes and fibroblasts.
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sures similar to those used when caring for our patients
with COVID-19, according to World Health Organiza-
tion guidelines (https://app.who.int). The same team
carried out all autopsies. The autopsy procedure was
consistent for all cases and consisted of removal of the
thoracic situs and a modified in situ technique for the
abdominal situs. The brain was dissected in only 1 pa-
tient, in whom a cerebral insult was suspected. During
the autopsy, swabs for SARS-CoV-2 RNA testing were
taken from the pharynx and both lungs (bronchial sys-
tem) as well as the gallbladder and the colon.

Tissue Processing for Histopathologic
Examination

The lungs in total and tissue samples from other
organs (heart, kidneys, liver, pancreas, spleen, thyroid,
submandibular glands, adrenals, gallbladder, small
and large intestine) were fixed in 4% buffered formalin
for histopathologic examination. After fixation, the
lungs were dissected systematically from the apex to
the basis and multiple samples were processed for his-

topathologic examination (hematoxylin and eosin and
special stains). Immunohistochemistry was performed
on a Ventana BenchMark Ultra system.

Role of the Funding Source
The study did not receive funding.

RESULTS
Clinical Findings

Key clinical findings are summarized in Table 1.
The age of the patients undergoing autopsy ranged
from 75 to 91 years (median, 80.5 years; mean, 81.5
years); 8 patients were male, and 3 were female. The
duration of COVID-19 disease ranged from 4 to 18
days (mean, 8.5 days). Among coexisting diseases, ar-
terial hypertension (9 patients) and type 2 diabetes
mellitus (5 patients) were most common, followed by
cerebrovascular disease (history of ischemic stroke in 4
patients) and dementia (4 patients). Chronic obstructive

Table 2—Continued

Pathologic Findings Patient

7 8 9 10 11 n/N

Lungs

Edema Yes Yes Yes Yes Yes 10/11

Hyaline membranes Yes Yes Yes Yes Yes 10/11

Proliferation* Yes Yes Yes Yes 9/11

Pulmonary artery thrombosis Yes Yes Yes Yes Yes 11/11

Infarction No No Yes Yes Yes 9/11

Pneumonia No Yes No Yes Yes 6/11

Emphysema + ++ ++ +/++ +++ 11/11

Liver

Steatosis ++ +++ +++ + ++ 11/11

Chronic congestion Yes Yes No Yes Yes 8/11

Hepatocyte necrosis No No Single cells Focal Focal 7/11

Kupffer cell proliferation Nodular Nodular Diffuse Nodular Nodular 10/10

Cholestasis Yes Yes Yes Yes No 8/11

Fibrosis Portal Portal, incomplete
septal

Portal Portal, incomplete
septal

Portal, incomplete
septal

6/11

Other portal changes Lymphocytic
infiltrate,
ductular
proliferation

Lymphocytic
infiltrate,
ductular
proliferation

Ductular
proliferation

Lymphocytic
infiltrate

Lymphocytic
infiltrate,
ductular
proliferation

9/11

Heart

Myocardial hypertrophy Yes Yes Yes Yes Yes 11/11

Coronary small vessel disease Yes Yes No Yes No 6/11

Myocardial fibrosis Yes Yes No Yes Yes 10/11

Other cardiac changes No No No Amyloidosis Focal lymphocytic
infiltrate

Kidneys

Nodular glomerulosclerosis No Yes Yes No No 4/11

Benign nephrosclerosis Yes Yes No Yes Yes 10/11

Acute tubular injury (necrosis Yes Yes Yes Yes Yes 11/11

Other renal changes Angiomyolipoma of
the left kidney

Chronic
interstitial
nephritis

No No Chronic
interstitial
nephritis

Other organs

Pancreatitis (focal) No Yes No Yes Yes 5/11

Adrenal cortical hyperplasia Diffuse NA Nodular Diffuse No 6/8

Lymphocyte depletion, spleen No Yes Yes Yes Yes 10/11

Lymphocyte depletion, lymph node Yes Yes Yes Yes Yes 11/11
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pulmonary disease (COPD), coronary heart disease,
history of malignant disease (Hodgkin lymphoma and
transitional cell carcinoma of the urinary bladder) were
also present; 1 patient had a history of pulmonary em-
bolism. Body mass index (BMI) could only be assessed
in 3 of the 11 patients, but nutritional status was rou-
tinely assessed during the inspection of the corps be-
fore the autopsy. Two patients were considered obese,
of whom 1 had a BMI of 33 kg/m2; the other 9 were
considered in good nutritional status, 2 of whom had a
BMI of 27 kg/m2 and 30 kg/m2.

Of the whole group of 48 deceased patients (all of
whom were white), 30 were male and 18 female, with a
mean age of 81.75 years (range, 66 to 94 years); 14 had
a history of a cerebrovascular stroke, 14 had coronary
artery disease, 21 had a history of diabetes, 36 had
arterial hypertension, 11 had chronic respiratory dis-
eases (COPD), 7 had pulmonary embolism, and 12 had
a history of previous malignant diseases.

Because of severe comorbidities, 2 of the patients
were treated in the intensive care unit, including inva-
sive mechanical ventilation; the others were treated in a
dedicated hospital ward for infectious diseases, where
they received oxygen and nasal high-flow therapy us-
ing the AIRVO 2 system (Fisher & Paykel Healthcare
Systems). The selection of patients for intensive care
was discussed daily by an institutional review board,
including 2 intensivists and the attending physician of
the special ward.

Clinical laboratory data after admission are shown
in Table 1. Frequent findings were lymphopenia; low
eosinophil and monocyte values; and reduced erythro-
cyte count, hemoglobin, and hematocrit. Levels of
C-reactive protein, ferritin, procalcitonin, liver enzymes,
and lactate dehydrogenase were frequently elevated. Re-
nal function was frequently abnormal. Fibrinogen and
D-dimer levels were also frequently elevated, but the
Quick value, international normalized ratio, and activated
partial thromboplastin time were rarely abnormal.

Chest radiography was performed in 9 patients
and showed features of bilateral (5 of 8 patients) or
unilateral (3 of 8 patients) pneumonia; 1 patient showed
no clear pneumonic changes. Echocardiograms were
normal or had nonspecific findings; 2 patients had left
bundle branch block, and no patient showed signs of car-
diac ischemia. Venous thromboembolic disease was not
suspected antemortem in any of the patients.

Concomitant medication use is shown in Appendix
Table 1 (available at Annals.org). Notably, all patients
received either anticoagulant or antiaggregant therapy
or a combination of both. Two patients received anti-
coagulant therapy before admission because of history
of pulmonary embolism (1 patient) and recent orthope-
dic surgery (1 patient). Antiaggregant therapy was
given in 7 patients before admission because of cardio-
vascular or cerebrovascular disorders. The anticoagu-
lants received before or after admission were exclu-
sively at prophylactic doses. Individual treatment of
preexisting chronic medical illnesses before acquisition
of COVID-19 included ACE inhibitors or AT1-receptor
blockers or sartans, antidiabetic drugs or insulin, st-
atins, and xanthine oxidase inhibitors. Appendix Table

1 also shows the medications patients received during
hospitalization on a COVID-19 ward or in the intensive
care unit: antipyretics, antimicrobials (mostly �-lactams,
carbapenems, and macrolides, as well as hydroxychlo-
roquine in 3 patients), sedatives or muscle relaxants,
and vasopressors, among others.

Pathologic Findings
Table 2 shows the key pathologic findings.

Lungs

Weight ranged from 420 g to 1460 g (mean, 998 g)
for the right lung and from 340g to 1200 g (mean, 795
g) for the left lung (normal weights for each lung lobe
are 180 g ± 57 g, as determined radiologically and
postoperatively) (24). Macroscopically, we found a sim-
ilar appearance in 9 of the patients, showing massive
bilateral congestion and hypostasis with reddish-blue
surface and cut surface except for the anterior and api-
cal segments as well parts of the medium lobe and the
lingula, which were grayish-red and better ventilated. In
the 2 remaining patients, the lungs were well venti-
lated, except for atelectasis and mild hypostasis in
the dorsobasal segments. Moderate emphysematous
changes were seen diffusely in all lungs, with severe
emphysema in 3 patients. The bronchial system con-
tained in most cases viscous mucus. The pleura was
inconspicuous except for fibrous adhesions in 7 pa-
tients, pleural effusion was absent in all but 1 patient
which showed 20 mL of serous effusion. The most strik-
ing feature was the presence of thrombotic material in
branches of the pulmonary arteries in all cases. These
findings varied in extent from focal to extensive (Figure
1, A), and pulmonary infarctions were present in all but
3 patients (Figure 1, B). Vessels of all size were in-
volved, and the thrombotic material was often grossly
visible, particularly after formalin fixation of the lung tis-
sue (Figure 1, A and B).

Histologically, the lungs showed a heterogeneous
pattern of changes, with different stages of diffuse alve-
olar damage with edema, hyaline membranes, and pro-
liferation of pneumocytes and fibroblasts (Figure 2, A
to C). Hyaline membranes were found in all cases, and
in areas of proliferation admixed with proliferated
pneumocytes, macrophages, lymphocytes, plasma
cells, neutrophils, fibroblasts, and collagen (Figure 2, B
and C). The degree of organization was more intense
after a longer duration of disease. Extensive corpora
amylacea were found in 4 patients (Figure 2, C). Multi-
ple thrombi were present in small to mid-sized pulmo-
nary arteries, and the vessel wall was partially infiltrated
by neutrophils (Figure 3, A and B). In 8 patients, the
adjacent lung tissue showed hemorrhage and infarc-
tion (Figure 3, C). In 1 of these patients, who was cared
for in the intensive care unit, the infarction showed rec-
ognizable demarcation on gross examination. Because
the thrombotic material filled out the lumen of the af-
fected pulmonary arteries (Figure 1, A and B), it was
considered thrombotic rather than embolic. Some of
the thrombi were neither fixed to the arterial wall nor
histologically organized by macrophages or granula-
tion tissue and, therefore, were no older than a few
hours. Others showed reactive neutrophil infiltrates
(Figure 3, A and B). Thrombi in small arteries were also
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found close to or within areas of organization (Figure 3,
D). In 1 patient with multiple infarctions, we could not
exclude the possibility that the thrombus observed in a
branch of the right pulmonary artery was embolic. We
excluded a putative embolic source from the pelvic and
large femoral veins but did not dissect the veins of the
lower leg. Bronchopneumonia associated with infarc-
tion was found in 6 patients, ranging from focal to con-
fluent (Figure 3, C).

Heart

The weight of the heart ranged from 280 g to 690 g
(mean, 483 g; normal weight, 250 to 350 g). All patients
had hypertrophy of both ventricles, with predominance
of left ventricular hypertrophy, showing a wall thickness
measured 1 cm beneath the mitral valve ranging from
14 to 22 mm. The myocardial hypertrophy was re-
flected histologically by enlargement of myocytes with
nuclear polymorphism. In 10 patients, both ventricles
were massively dilated. Patchy myocardial fibrosis of

various extent in 10 patients. In 1 patient, intraventricu-
lar endocardial mural thrombi were found, but without
ischemic changes of the adjacent myocardium. Neither
acute myocardial necrosis nor inflammatory changes
were found, except in 1 patient with a focus of frag-
mented cardiomyocytes with lymphocytic and granulo-
cytic reaction. Isolated massive cardiac amyloidosis was
incidentally found in a 91-year-old man and was con-
firmed by positive Congo red stain and immunoreactiv-
ity for amyloid P.

Figure 1. Pulmonary thrombosis.

A. A cross-section through the lung shows massive thrombosis of
medium-sized to large arteries (arrows). B. A peripheral artery and its
branches (arrows) are obliterated by thrombosis, and the supplied
region is infarcted (asterisks). Note the emphysematous changes in
both lungs (formalin-fixed specimens).

Figure 2. Stages of diffuse alveolar damage.

A. Early, with edema and hyaline membranes (original magnifica-
tion, × 100). B. Intermediate, with proliferation of pneumocytes ad-
mixed with lymphocytes and neutrophils, organizing a residual hyaline
membrane (original magnification, × 100). C. Late, with proliferation
of fibroblasts (original magnification, × 200). Hematoxylin–eosin
staining.
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Peritoneal Cavity

The peritoneal cavity was inconspicuous and free
of ascites in all patients. The small and large bowel and
the gallbladder were also histologically normal. Focal
pancreatitis was found in 4 patients, with necrosis of
pancreatic parenchyma and adjacent adipose tissue
and calcifications.

Liver

Steatosis was found in all patients, involving 5% to
60% of the hepatocytes, predominantly macrovesicu-
lar; in 1 patient, it was microvesicular and predomi-
nantly located pericentrally but also periportal. Chronic
congestion was detected in 8 patients (73%). Hepato-
cyte necrosis was massive confluent and panlobular in
1 patient, focal in 2 patients (and associated with cen-
tral vein thrombosis in 1 patient [Figure 4, A]), and in
single cells in 4 patients with a predominant pericentral
location. Kupffer cells were activated in all patients and
showed nodular proliferation in 70%. Cholestasis with
canalicular bile plugs was found in 7 patients. Portal
changes were present in 9 patients and included a mild

to moderate lymphocytic infiltrate, mild nuclear pleo-
morphism of cholangiocytes, and ductular proliferation
with portal or incomplete septal fibrosis.

Kidneys

The most frequent findings were alterations of the
proximal tubules ranging from swelling of the tubular
epithelium to necrosis and regenerating changes with
flattened tubular epithelium (Figure 4, B). Focally, the
tubules were filled with proteinaceous masses. Benign
nephrosclerosis was found in all patients and nodular
glomerulosclerosis (Kimmelstiel–Wilson syndrome) in 4
patients, of whom 3 had type 2 diabetes mellitus.

Other Organs

The hilar and posterior mediastinal lymph nodes
were enlarged and anthracotic in all cases, but histo-
logically, they showed lymphocyte depletion with com-
plete absence of germinal centers (Figure 4, C). This
was associated with dilation of sinuses and vessels and
partially with bleeding. The spleen showed white pulp

Figure 3. Thrombosis of pulmonary arteries of various size.

A. Thrombosis of a dilated mid-sized pulmonary artery without subsequent infarction. The surrounding lung tissue is in part edematous (original magni-
fication, × 10). B. A small pulmonary artery is obliterated by a thrombus, which is infiltrated by neutrophils (original magnification, × 100). C. Pulmonary
artery with thrombosis and infarction and pneumonia of the surrounding lung tissue (original magnification, × 10; corresponding histology to Figure 1, B).
D. Microthrombi of small arteries in areas of diffuse alveolar damage (original magnification, × 100). Hematoxylin–eosin staining.
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atrophy due to lymphocyte depletion in 10 patients. In
addition, areas of hemorrhage with acute or chronic
congestion were noted, the latter with fibrosis. The sub-
mandibular glands showed a mild to moderate degree
of lipomatosis. The thyroid was normal in 8 patients; 3
had nodular goiter. The adrenal cortex, in particular the
zona fasciculata, was hyperplastic in 6 patients (86%), of
whom 2 showed a slightly nodular pattern (Figure 4, D).
The bone marrow showed normal hemopoiesis, with a
reactive lymphocytic infiltrate in 1 patient. The brain
was analyzed in 1 patient only and showed atrophy and
arteriosclerotic changes but no acute alterations.

Microbiological Findings
Results of PCR are shown in Appendix Table 2

(available at Annals.org). Testing detected SARS-CoV-2
RNA on the pharyngeal swabs from 10 patients and on
the bronchial system swabs from all patients. In addi-
tion, SARS-CoV-2 RNA was found in 1 patient on a swab
from the colon mucosa; on 2 other swabs from the co-
lon, the assay was inconclusive owing to assay interfer-
ence by inhibitors. No SARS-CoV-2 RNA was found in
bile obtained from the gallbladder in 4 patients.

DISCUSSION
Autopsy rapidly regains its importance when novel

diseases arise, but access may by limited during a pan-
demic (20). In this study, we performed autopsies on 11
of 48 deceased patients with COVID-19, 10 of whom
were randomly selected over 5 weeks, and we system-
atically analyzed the pathologic findings in correlation
with the clinical features. The pathologic findings
showed a peculiar pattern of distribution, which pre-
dominantly affected the lungs but also involved the kid-
neys, the liver, and the lymphatic system.

Human cells are infected by SARS-CoV-2 through
angiotensin-converting enzyme-2 (ACE-2) receptors,
which are localized in such cell types as alveolar epithe-
lium, renal tubular epithelium, hepatocytes, biliary epi-
thelium, and enterocytes (25–27). A similar mechanism
was proposed for SARS-1, which could be detected
particularly in lungs, kidneys, and the gastrointestinal
tract (28). Of note, the pattern of pathologic changes
found in our study includes profound acute changes in
lung and kidney but not in the gastrointestinal tract and
the heart, which is similar to the findings of SARS-1

Figure 4.Other involved organs.

A. Thrombosis of a central vein with focal necrosis of liver cells at 6 hours. Macrovesicular steatosis and focal canalicular bile plugs (original
magnification, × 100). B. Acute tubular injury showing necrosis and regeneration of the proximal tubules. Some tubules contain proteinaceous
material (original magnification, × 200). C. Lymphocyte depletion of a hilar lymph node, with absence of germinal centers and dilated vessels and
sinuses (original magnification, × 40). D. The same patient showed adrenocortical hyperplasia with a nodular pattern (original magnification, × 20).
Hematoxylin–eosin staining.
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studies. Moreover, it is important to distinguish acute
pathologic changes (attributed to COVID-19) from
chronic underlying changes (potentially predisposing
to a fatal course of COVID-19) and nonspecific second-
ary changes related to hypotension or sepsis.

A major acute pathologic finding was bilateral dif-
fuse alveolar damage (DAD), characterized by alveolar
edema, hyaline membranes, and proliferation of pneu-
mocytes and fibroblasts in a heterogeneous distribu-
tion. This pattern of reaction of the alveolar system can
be caused by various pathogenic agents, such as hyp-
oxia; toxic inhalants; drugs; and infection, including
with such viruses as SARS-1 (29). Early changes of DAD
were recently reported for COVID-19 (16, 17). Notably,
the most striking and unexpected finding was the ob-
struction of pulmonary arteries by thrombotic material
present at both the macroscopic and microscopic level
in all cases. In most of the cases, this key finding was
associated with lung parenchymal bleeding and hem-
orrhagic infarction. Pulmonary infarction was compli-
cated by bronchopneumonia in almost one half of the
cases, although it was mostly focal. It is very likely that
emphysema, which was found in all patients to some
degree, may have aggravated the course of COVID-19.
Of note, the combination of both alveolar and vascular
changes could explain the rapid and sometimes unpre-
dictable clinical deterioration seen in some severe
COVID-19 cases (14).

The key finding of thrombosis in small to mid-sized
pulmonary arteries was unexpected. On the basis of
the occurrence of this finding in all patients, we assume
that these thrombotic events were disease-related and
were the immediate cause of death, through acute pul-
monary hypertension and cessation of pulmonary circu-
lation. Notably, pulmonary thrombosis and thrombo-
embolisms have been reported from autopsies of
patients with SARS-1 (29), but until now, not of patients
with COVID-19 (15, 19). A recent autopsy study by
Wichmann and colleagues (30) reported a high inci-
dence of venous thrombosis and found pulmonary em-
bolism as the cause of death in one third of the cases.
However, we consider our findings to be caused by
thrombosis rather than by thromboembolism, because
most vessels were completely occluded by thrombotic
material and small arteries were involved, with a diam-
eter less than 1 mm. Our observation became apparent
only by careful and systematic dissection of the
formalin-fixed lungs and subsequent histologic exami-
nation of numerous samples, which might not have
been performed by other researchers. Notably, pulmo-
nary microthrombosis was observed in all cases in
Wichmann and colleagues' study (30).

However, the mechanisms leading to pulmonary
arterial thrombosis and coagulopathy in COVID-19 are
not yet completely understood. There appears to be a
causal relationship with the inflammatory and repara-
tive processes involving DAD, because thrombi are fre-
quently detected in small pulmonary arteries, most
likely secondary to endothelial damage (31). The endo-
thelial damage could also be related to direct viral in-
fection of the endothelial cells, which express ACE-2

receptors, or to a host response, as recently proposed
(32). Furthermore, the alveolar fibrin deposition in DAD
may affect the delicate local balance of fibrinolysis and
coagulation (33). A combination of alveolar and endo-
thelial damage of smaller vessels may be followed by
microvascular pulmonary thrombosis, which could then
extend to larger vessels. Microthrombi in small pulmo-
nary arterioles have been reported in recent COVID-19
cases, but large-vessel involvement has so far been
only reported in rare cases diagnosed radiologically by
using CT angiography (13, 34, 35). Elevated D-dimer
levels greater than 2500 μg/L were determined to de-
tect all patients with pulmonary embolism and might
be a valuable selection criterion for CT angiography to
detect thrombosis of segmental or subsegmental pul-
monary arteries, leading to efficient treatment (36). Re-
cently, “MicroCLOTS” (microvascular COVID-19 lung
vessels obstructive thromboinflammatory syndrome)
was proposed as a new name for severe pulmonary
COVID-19, but this term does not acknowledge the
clinically important feature of mid-sized and larger pul-
monary vessel involvement revealed by our study, with
all hemodynamic and respiratory consequences (37).

Patients with severe COVID-19 can develop
COVID-19–associated coagulopathy (CAC), with fea-
tures of both disseminated intravascular coagulation
and thrombotic microangiopathy, resulting in wide-
spread microvascular thrombosis that may involve the
liver (as in 1 of our patients) and consumption of coag-
ulation factors (38). Moreover, antiphospholipid anti-
bodies (not tested in our patients) may also contribute
to CAC (39). Recent data suggest that abnormal coag-
ulation variables are associated with poor prognosis in
patients with COVID-19 pneumonia, whereas anticoag-
ulant treatment is associated with decreased mortality
(40, 41). Notably, our patients experienced thrombosis
despite prophylactic anticoagulant treatment.

Chronic organ changes of the kidneys and the liver
may have contributed to fatal outcomes. These were
related to preexisting arteriosclerosis and arterial hy-
pertension and included benign nephrosclerosis; dia-
betes mellitus type 2; and metabolic disorders, such as
nodular glomerulosclerosis and hepatic steatosis with
and without fibrosis and ductular proliferation. In con-
trast to previous reports, severe obesity was not char-
acteristic in our cohort (42). Acute renal tubular injury,
which was also reported with SARS-1, seems to be re-
lated to hypoxia and causal for terminal renal failure
rather than viral induced through the high expression
of ACE-2 receptors in the epithelium of the tubules (25,
28). Acute hepatocyte necrosis as well as cholestasis
should be more likely attributed to hypoxia or sepsis,
also caused by central vein thrombosis and systemic
inflammation rather than to a direct viral effect (43). As
in the systemic inflammatory response syndrome and
sepsis, liver involvement (frequently seen in our pa-
tients) could have an independent prognostic role by
altering the secretion of acute phase reactant, cyto-
kines or other inflammatory mediators, and coagulation
factors and could subsequently contribute to thrombo-
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sis of subsegmental and segmental pulmonary arteries
(44, 45).

The intestine was not altered in our patients, al-
though we detected viral RNA in a swab from normal
colonic mucosa. Focal pancreatic involvement ap-
peared without clinical symptoms in about one third of
our cases. The frequent depletion of lymphocytes in
lymph nodes and spleen as reported in SARS-1 concurs
with lymphopenia and may be similar to that in SARS-1,
caused by at least in part by increased endogenous
secretion of cortisol through the hypothalamic–pitu-
itary–adrenal axis, associated with hyperplasia of the
adrenal cortex (29, 46).

In conclusion, the lungs can be considered the ma-
jor target organ of severe COVID-19, reacting with
DAD and affected by thrombosis in subsegmental and
segmental pulmonary arteries. The combination of
both of these phenomena could explain the rapid clin-
ical deterioration in severe COVID-19 and may call for
more proactive expansion of current anticoagulation
strategies that also consider therapeutic doses or even
thrombolytic therapy (47–49). Subsequently, these se-
vere pulmonary changes seem to lead to multiorgan
failure involving especially the kidneys and, less fre-
quently, the liver. Strict thrombosis prophylaxis, close
laboratory and imaging studies, and early anticoagu-
lant therapy for suspected cases of pulmonary arterial
thrombosis or venous thromboembolism should be
considered. Further studies are needed to confirm
these findings and to unravel the detailed mechanisms
involved in this broad spectrum of organ damage
caused by SARS-CoV-2.
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Appendix Table 1. Use of Concomitant and COVID-19–Related Medications

Medication Patient and Hospital Setting

1 2 3 4 5 6

COVID-19 Ward COVID-19 Ward COVID-19 Ward COVID-19 Ward ICU COVID-19 Ward

Anticoagulants 0 Enoxaparin, 40 mg Rivaroxaban, 15 mg* Enoxaparin, 40 mg Enoxaparin, 40 mg Enoxaparin, 20 mg

Antiplatelet

agents

Acetylsalicylic acid,

100 mg*†;

clopidogrel, 75 mg

Clopidogrel, 75 mg* Acetylsalicylic acid, 100 mg* Acetylsalicylic acid, 100 mg* Acetylsalicylic acid,

100 mg*

Acetylsalicylic acid,

100 mg*

Antipyretics Metamizole,

paracetamol

Metamizole Metamizole,* paracetamol,*

prednisolone*

Metamizole* 0 Paracetamol,

metamizole*

Antibiotics and

other

antimicrobial

agents

Piperacillin–

tazobactam

None Clarithromycin,

piperacillin–tazobactam

Moxifloxacin Amoxicillin–clavulanic

acid,* clarithromycin,*

piperacillin–

tazobactam,

azithromycin,

meropenem,

hydroxychloroquine

Ceftriaxone

ACE inhibitors

or

AT1-receptor

antagonists

Valsartan–

hydrochlorothiazide

(combination)*

None Lisinopril* Imidapril* None Amlodipine–valsartan

(combination)*

Other relevant

comedication

Atorvastatin,*

allopurinol*†

bisoprolol,*

furosemide,

ipratropium

bromide–

salbutamol,

esomeprazole,*

L-thyroxine,* insulin

lispro*† L-dopa,*

mirtazapine,*

triazolam

Simvastatin,* allopurinol,*

amlodipine,*

pantoprazole,*

silibinin, tamsulosin,*

trazodone,*

venlafaxine*

Amlodipine,* hydrochlorothiazide,*

pantoprazole,* L-thyroxine,*

vitamin D,* donepezil,*

duloxetine,* morphine, fentanyl*

Simvastatin, allopurinol,* furosemide,*

vitamin B complex,* tamsulosin,*

simeticone, pregabalin*†

Carvedilol*† furosemide,

OM-85*†

pantoprazole,

midazolam,

cis-atracurium,

ketamine, sufentanil,

norepinephrine

Simvastatin,* allopurinol,*

furosemide,*

pantoprazole,*

tamsulosin,* vitamin

D,* alprazolam,

hydromorphone*

ACE = angiotensin-converting enzyme; COVID-19 = coronavirus disease 2019; ICU = intensive care unit.
* Received preadmission.
† Discontinued at admission.
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Appendix Table 1—Continued

Medication Patient and Hospital Setting

7 8 9 10 11 n/N

COVID-19 Ward COVID-19 Ward COVID-19 Ward COVID-19 Ward ICU

Anticoagulants Enoxaparin, 40 mg* Enoxaparin, 40 mg Enoxaparin, 40 mg Enoxaparin, 40 mg Enoxaparin,

4–80 mg

10/11 (2/11)*

Antiplatelet agents Acetylsalicylic acid,

100 mg*

None None None 7/11 (7/11)*

Antipyretics None None Paracetamol, metamizole None Paracetamol 7/11v(3/11)*

Antibiotics and other

antimicrobial agents

Ceftriaxone Amoxicillin–clavulanic

acid

Amoxicillin–clavulanic

acid, erythromycin,

meropenem,

caspofungin,

anidulafungin,

hydroxychloroquine

9/11 (2/11)*

ACE inhibitors or

AT1-receptor

antagonists

None Lisinopril–

hydrochlorothiazide

(combination)*

None Ramipril* None 6/11 (6/11)*

Other relevant

comedication

Amlodipine, carvedilol,*

esomeprazole*†

metformin,

lorazepam,

risperidone

Amlodipine,* carvedilol,*

linagliptin,*

metformin,*

L-thyroxine,*

pantoprazole,*

rilmenidine,*

oxazepam,*

venlafaxine,*

trazodone,*zinc

L-thyroxine,* donepezil,*

levomepromazine,*

lorazepam,*

olanzapine,*

quetiapine*

Allopurinol*† donepezil,*

risperidone,*

morphine, zinc,

vitamin C

Amlodipine,*†

bisoprolol,

esmolol,

clonidine,

furosemide,

xipamide,

metoclopramide,

mometasone,

insulin,

midazolam,

ketamine,

propofol,

rocuronium,

sufentanil,

dobutamine,

zinc

Appendix Table 2. Postmortem Microbiology: Results of Polymerase Chain Reaction Assay for SARS-CoV-2

Variable Patient

1 2 3 4 5 6 7 8 9 10 11 Tested
Positive, n/N

Time of swab
after death, h

64 55 56 39 26 79 28 36 79 45 94 —

Location of swab

Throat Positive Negative Positive Positive Positive Positive Positive Positive Positive Positive Positive 10/11

Right bronchus NA Positive Positive Positive Positive Positive Positive Positive Positive Positive Positive 10/10

Left bronchus Positive NA Positive Positive Positive Positive Positive Positive Positive Positive Positive 10/10

Gallbladder NA NA NA Negative NA Negative Negative Negative NA NA NA 0/3

Colon NA NA NA NA NA NA NA NA Inhibited* Inhibited* Positive 1/3

NA = not assessed; SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2.
* Failure of detection of internal control owing to interference with inhibitors (such as bile, salts, feces, complex polysaccharides).
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