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COVID-19 
FACTS 

DIFFUSE ALVEOLAR DAMAGE
AND
ACUTE RESPIRATORY DISTRESS SYNDROME



Zhou F et al. Lancet 2020;395(10229):1054-62. 

ARDS 

is associated with 

increased risk of  

death 

In COVID-19



COVID-19: February 3, 2020 



Deaths in 1 year: COVID-19 vs. Cancer (US)

COVID-19: 281,000

Lung cancer: 142,081

Breast cancer: 42,466

Prostate cancer: 33,330

Melanoma: 6,850

Thyroid cancer: 2,180



Jan 2020 Feb 2020 March 2020 April 2020 May 2020

Xu: postmortem biopsy 

from 1 patient

Tian: lobectomies from 2 

patients

Xu Z et al. Lancet Respir Med 2020;8(4):420-422. 

Tian S, et al. J Thorac Oncol 2020;15(5):700-704. 

New York Times video

320,609>3000 >102,700COVID-19 GLOBAL DEATHS

YouTube video: 

ARDS

Pathology of  COVID-19



How Coronavirus Attacks the Body. Produced by Joshua Kessel, New York Times, April 6, 2020. https://www.youtube.com/watch?v=BuzP-uLctYE

New York Times, April 6, 2020

https://www.youtube.com/watch?v=BuzP-uLctYE


Acute Respiratory Distress 
Syndrome
(ARDS)

… is defined by clinical 
criteria

Diffuse Alveolar Damage 
(DAD)

… is defined by histologic 
criteria

ARDS vs. DAD



ARDS

• Acute = onset within 1 week of  a known 
clinical insult or new or worsening symptoms 

• Respiratory failure not explained by heart 
failure or fluid overload

• Hypoxia (low oxygen levels)

• Bilateral lung opacities on chest imaging



NormalARDS



What causes ARDS?

• Sepsis/Infection

• Shock

• Toxic inhalants 

• Drug overdose 

• Chemotherapy 

• Toxic ingestants 

• Aspiration 

• Irradiation

• Pancreatitis

• Massive blood transfusion

• Major trauma



@smlungpathguy
Courtesy of  Mark Sabo, Cleveland Clinic



@smlungpathguy
Courtesy of  Mark Sabo, Cleveland Clinic



SARS-CoV-2 detected by IHC in upper airways 
and lungs but NOT in heart, liver, kidney

Martines RB, et al. Emerg Infect Dis 2020. PMID 32437316 



Martines RB, et al. Emerg Infect Dis 2020. PMID 32437316 

A. Alveolar 
space

B. Ciliated 
cells upper 

airway
C. Type 2 

pneumocyte 
(virus and 
surfactant)

D. Membrane 
bound 
vacuole

E. Alveolar 
macrophage
F. Hyaline 
membrane



DAD Normal



DAD, late phase Normal



ARDS is the result of  
sudden, severe injury to the lung from 

any cause

When ARDS develops, oxygen levels 
drop and mechanical ventilation may be 

required to keep patients alive



COVID-19 
AUTOPSIES 
OK, USA

FIRST PUBLISHED REPORT OF COMPLETE 
COVID-19 AUTOPSIES IN THE LITERATURE



Jan 2020 Feb 2020 March 2020 April 2020 May 2020

April 10: Barton et al 

First published report of  

complete autopsies

320,609>102,700GLOBAL DEATHS

Barton LM et al. Am J Clin Pathol 2020;153(6):725-733. PMID 32275742  



Impact



Case 1: 77/M

H/o fever, 
chills x 6 days

H/o 
hypertension, 
remote 
splenectomy

Never tested 
for COVID-19 
pre-mortem

Arrested en 
route to 
hospital

Barton LM et al. Am J Clin Pathol 2020;153(6):725-733.  



DAD

Barton LM et al. Am J Clin Pathol 2020;153(6):725-733.  



Inflammation in 

COVID-19

Barton LM et al. Am J Clin Pathol 2020;153(6):725-733.



Interstitial inflammation: lymphocytes

Barton LM et al. Am J Clin Pathol 2020;153(6):725-733. 



H&E CD3

CD4 CD8

Barton LM et al. Am J Clin Pathol 2020;153(6):725-733. PMID 32275742  



Case 2: 42/M

H/o abdominal 
pain f/b 
respiratory 
symptoms 
(“CAP”)

H/o myotonic 
dystrophy

Never tested for 
COVID-19 pre-
mortem

Died after few 
hours in hospital

Barton LM et al. Am J Clin Pathol 2020;153(6):725-733. PMID 32275742  



Acute bronchopneumonia due to aspiration

Barton LM et al. Am J Clin Pathol 2020;153(6):725-733. PMID 32275742  



OTHER 
AUTOPSY 
STUDIES

DIFFUSE ALVEOLAR DAMAGE
ACUTE BRONCHOPNEUMONIA
THROMBOSIS



Jan 2020 Feb 2020 March 2020 April 2020 May 2020

Menter: 21 cases

Wichmann: 12 cases

Menter T, et al. Histopathology 2020. PMID 32364264.

Wichmann D, et al. Ann Intern Med 2020. PMID 32374815.  

Lax SF, et al. Ann Intern Med 2020. PMID 32422076. 

Lax: 11 cases



DAD is very 
common in fatal 

COVID-19

DAD in 10/11

DAD in 16 (acute)and 8 (org)

DAD in 8/12



DAD in COVID-19 (2020) DAD in H1N1 (2009)

@smlungpathguy



Bronchopneumonia in 6 patients, focal 

to confluent

Bronchopneumonia 
is common in 
COVID-19 

Bronchopneumonia 

diffuse in 6, focal in 4 

Focal bronchopneumonia in 4/12



Thrombosis is 
common in 

fatal 
COVID-19 Thrombosis in 11/11

DVT in 7/12, massive 

PE in 4/12

Alveolar capillary 

microthrombi in 5/11



Thrombosis

Wichmann D, et al. Ann Intern Med 2020;173(4): 268-277. PMID 32374815.  

Lung DVT

Prostatic vein



Image courtesy of  

Dr. Alexandar Tzankov

and Dr. Sambit Mohanty

Menter T, et al. 

Histopathology 2020. 

PMID 32364264.

Microthrombi 
in COVID-19



Immunostain for fibrin. 

Image courtesy of  

Dr. Alexandar Tzankov

Fibrin 
microthrombi

Menter T, et al. 

Histopathology 2020. 

PMID 32364264.



Pic courtesy of  Dr. Alexandar

Tzankov.

Microthrombi in 
glomerular 
capillaries



Katzenstein AL. Diffuse alveolar damage. In: 

Surgical pathology of  non-neoplastic lung disease, 

4th edition. Page 20. 

“Fibrin thrombi in various 
stages of  organization are 

often present in small 
pulmonary arteries and they 
may be numerous. They are 
thought to occur secondary 

to endothelial damage” 

Thrombi in small pulmonary arteries are common in DAD



Tomashefski JF, et al. Am J Pathol 1983;112:112-126

“Thromboemboli, were the 
most consistently observed 

vascular feature, present in 21 
of  22 patients.” 

“Microthrombi, also present 
in 19 patients…”

Thrombi in DAD: “everything old is new again”



Harms PW et al. Am J Clin Pathol 2010;134(1):27-35 

“Although microscopic thrombi 
within the pulmonary arterial system 
have been described in association 

with influenza and DAD, the number, 
size and peripheral location of  the 

thrombi observed in our study may be 
unique to novel H1N1 influenza virus 

infection.” 

Déjà vu



What is your diagnosis?



@smlungpathguy
#CAPVirtualPath

Thrombi in H1N1 (2009)

(this is not COVID-19)



68 autopsies; Sept 2020 
DAD = 87%

Acute inflammation = 43%
Large thrombi = 32%
Microthrombi = 65%



OBSERVATIONS

BEYOND AUTOPSIES



Clogging of  ET 

tubes in 

COVID-19

Wiles S, et al. J Intensive Care Med 2020. 

PMID 33375893
Wiles S, et al. J Intensive Care Med 2020. 

PMID 33375893



Aesif  SW et al. Am J Clin Pathol 2020;Online ahead of  print. PMID 33316056  



Diffuse interstitial 

fibrosis

Day 126: bilateral lung 

transplant

Massive unilateral 

infarction + DAD

Day 38: debridement

Day 57: autopsy

Diffuse interstitial 

fibrosis

Day 74: surgical bx

Aesif  SW, et al. Am J Clin Pathol 2020





Sex differences in COVID-

19 outcomes are 

independent of  TMPRSS2 



TMPRSS2 male mouse TMPRSS2 prostate control

TMPRSS2 female mouse TMPRSS2 male human ACE2 male smoker

ACE2 control



CONTROVERSIES

FACT OR FICTION?



Myocarditis in COVID-19?

Image from Basso C, et al. Eur Heart J 2020. PMID 32968776

*Bois MC, et al. Circulation 2020. PMID  33197204

78% had abnormal cardiovascular MR findings (only 
3 with pathology)

4/26 (15%) competitive athletes had CMR findings 
suggestive of  myocarditis

Lymphocytic myocarditis in 14%
Interstitial macrophage infiltration in 86%
Non-occlusive fibrin microthrombi in 
microvasculature most (12/15)*



Virus in endothelial cells?

Goldsmith CS, et al. Lancet 2020. PMID 32442529 Varga S, et al. Lancet 2020. 395(10234): 1417-1418.



Misinterpretation of  
clathrin-coated vesicles as viral particles 

Goldsmith CS, et al. J Am Soc Nephrol 2020. PMID 32651224

Menter T, et al. Histopathology 2020. PMID 32364264. 

Larsen CP et al. Kidney Int Rep 2020. PMID 32292867

Farkash EA, et al. J Am Soc Nephrol 2020. PMID 32371536 



“4 times as large as SARS-CoV-2, not located within 
cell membranes, lack viral nucleocapsids, not within 

vesicles”

Scholkmann F, Nichols J. N Engl J Med 2020. PMID 32678533Ackermann M, et al. N Engl J Med 2020. 383(2):120-128.



Cytokine storm? 

Sinha P, et al. JAMA Intern Med 2020. PMID 32602883



COVID-19 facts: 
Lung involvement
Diffuse alveolar damage (DAD)
Bronchopneumonia
Thrombi

COVID-19 controversies: 
Degree of  extrapulmonary involvement
“Viral particles” in endothelium
“Cytokine storm” 



Thank you for your attention


