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Pandemic spread of the novel coronavirus, severe acute respi-

atory syndrome coronavirus-2 (SARS-CoV-2), the causative agent

f the new disease Coronavirus disease 2019 (COVID-19), has been

ssociated with a case fatality rate of 2.3% [1] , approaching the

 2.5% rate estimated for the 1918 Influenza pandemic [2] . How-

ver, information regarding the precise cause of death in patients

xpiring with COVID-19 has been limited. We report the finding of

ulmonary thromboembolism as the cause of death in the initial

wo COVID-19 patients examined postmortem at our institution. 

The first patient, a middle-aged male with well-controlled hy-

ertension, was admitted with nine days of fever, chills, myal-

ia, dry cough, and dyspnea. On examination, he was found to

ave a temperature of 39.4 0 C and SpO2 of 92% on room air.

 nasopharyngeal swab was positive for SARS-CoV-2 by real-

ime reverse-transcription-polymerase-chain-reaction amplification 

or both the SARS-CoV-2 ORF1 a/b and pan-Sarbecovirus E-gene

RT-PCR, cobas R © 6800 system, RocheDiagnostics), but the initial

hest radiograph showed only mild bilateral pulmonary vascular

ongestion. He was treated with ceftriaxone and azithromycin for

resumed bacterial superinfection with improvement in fever and

eukocytosis, but continued to require supplemental nasal oxygen.

he serum inflammatory markers ferritin (752 ng/ml, reference

ange 30-400ng/ml) and C-reactive protein (43.74 mg/L, reference

ange < 5.1 mg/L) were noted to be elevated. Repeat chest radio-

raph on hospital day 8 revealed new dense patchy left mid-lung

nd retrocardiac opacities, and a hazy opacity in the right lower

ung. On day 9, the patient complained of increasing left inspira-
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ory chest pain and tenderness; 30 minutes later the patient was

ound to have pulseless electrical activity. 

The second, a middle-aged male with asthma, hypertension

nd human immunodeficiency virus infection controlled on highly-

ctive antiretroviral therapy, was admitted with fever, chills, pro-

uctive cough and dyspnea worsening over 2 days. A nasopha-

yngeal swab obtained during an evaluation the previous day was

ositive for SARS-CoV-2 by the Roche cobas R © 6800 RT-PCR assay.

xamination at admission was notable for a temperature of 38.4
 C and SpO2 of 93% on room air; multiple bilateral lung opaci-

ies were noted on chest radiography. Elevated serum ferritin (411

g/ml) and C-reactive protein (271.6 mg/L) were noted, and these

alues continued to rise despite treatment with broad-spectrum

ntibiotics. Of note, prothrombin time/INR was measured on multi-

le days and was not prolonged. His condition deteriorated, requir-

ng intubation and ventilator support; over the next 3 days he be-

ame hemodynamically unstable requiring multiple pressors. Eight

ays following admission he developed pulseless electrical activity.

At autopsy, a common notable finding was pulmonary throm-

oembolism, with occlusion of the right main pulmonary artery

n one case, and occlusion of both left and right main pulmonary

rteries in the second ( Fig. 1 A-B). Deep venous thrombosis was

ound in both cases. Other findings in both cases were multiple

oci of pulmonary parenchymal firmness consistent with bilateral

ulmonary consolidation, cardiomegaly, and left ventricular hyper-

rophy consistent with hypertensive cardiovascular disease. 

Histological examination of the lungs revealed characteristic

ale pink and red areas (Zhan lines) representing alternating strata

f platelets and fibrin with admixed layers of erythrocytes, consis-

ent with pulmonary thromboembolism ( Fig. 1 C-D). 

Ultrastructural examination demonstrated pleomorphic viral- 

ike particles ranging from 60 to 120 nm in distended cytoplasmic

https://doi.org/10.1016/j.carpath.2020.107227
http://www.ScienceDirect.com
http://www.elsevier.com/locate/carpath
http://crossmark.crossref.org/dialog/?doi=10.1016/j.carpath.2020.107227&domain=pdf
mailto:Alberto.Paniz-mondolfi@mountsinai.org
https://doi.org/10.1016/j.carpath.2020.107227


2 Z. Grimes, C. Bryce and E.M. Sordillo et al. / Cardiovascular Pathology 48 (2020) 107227 

Fig. 1. Pulmonary Emboli Occluding the Main Pulmonary Arteries (A) Gross autopsy image showing pulmonary thromboembolism occluding right and left main pulmonary 

arteries (Patient 1) and (B) right main pulmonary artery (Patient 2). Pulmonary embolism: alternating areas of pale pink (fibrin) and red (erythrocytes) layers forming "lines 

of Zahn" in patient 1 (C) and 2 (D). 
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vacuoles within the pneumocytes in lung specimens from both

cases ( Fig. 2 A-B). Rupture of the cytoplasmic vacuoles with

release of the virus-like particles into the alveolar lumen is shown

in Fig. 2 A. The individual spherical viral-like particles display

distinctive projections with mature particles exhibiting electron

dense centers, consistent with the appearance of coronavirus

( Fig. 2 B). Fibrin deposition within and outside capillaries ( Fig. 2

C-D), as well as pure platelet thrombi was also noted ( Fig. 2 E-F). 

In contrast to the majority of patients with SARS-CoV-2 infec-

tion, who are asymptomatic or pauci-symptomatic, some patients

will develop severe illness progressing to acute respiratory distress

syndrome (ARDS), followed by death in a significant subset [3] . Re-

cent reports from the People’s Republic of China have associated

severe pneumonia and fatal outcomes in SARS CoV-2 with elevated

levels of D-dimer and fibrin degradation products (FDP), suggesting

derangement of coagulation activation and consequently a poten-

tial for predisposition to thromboembolic events [4 , 5] . 
Notably, several viral infections have been associated with co-

gulation disorders that may lead to thrombosis and disseminated

ntravascular coagulation [6] , including influenza virus and SARS

hich have been associated with pulmonary intravascular thrombi

ormation and fibrin deposition likely as a result of disseminated

ntravascular coagulation and microthrombosis [7 , 8] . In SARS coro-

avirus infection, increased production of a novel procoagulant by

nfected cells due to increased hfg12 gene transcription induced by

iral nucleocapsid (N) protein has been proposed as mechanism

ontributing to thrombosis [9] . 

As reported previously for SARS-CoV [10] , our findings sug-

est that SARS-CoV-2 infected patients similarly may be at in-

reased risk for pulmonary thromboembolic events, due to a

aseline hypercoagulable state, and may benefit from evalua-

ion and management for coagulopathy early in the course of

isease. 
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Fig. 2. Electron microscopy and histopathological lung findings of SARS-CoV-2. Lung sections were initially placed in neutral buffered formalin and later transferred to 3% 

buffered glutaraldehyde. Following post-fixation in 1% osmium tetroxide, tissues were serially dehydrated and embedded in epoxy resin in standard fashion. One micron 

toluidine-stained scout sections were prepared for light microscopic orientation and 80nm ultrathin sections for electron microcopy were stained with uranyl acetate and 

lead citrate and examined in an Hitachi 7650 transmission electron microscope at 80kV. (A) Transmission electron microscopy image showing an infected pneumocyte. Note 

the cytoplasmic vacuole loaded with viral particles in various stages of bud formation ( ← ), and shedding into the luminal compartment ( ∗) (30 0 0x). (B) Typical morphology 

of Coronavirus (SARS-CoV-2) showing a symmetrical arrangement, outer envelope and surrounding electron dense shell with central zone. Note the distinctive projections 

conferring a solar corona appearance. (C) Multiple capillaries showing deposits of fibrin deposition ( ← ). (D) Coarse electron dense areas of cytoplasmic fibrin deposition. (E) 

Pure platelet thrombus within the arterial lumen and (F) Detail on platelet thrombi. Scale bars are shown at the bottom right of each figure. 
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