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Abstract
Background: A novel coronavirus, SARS-CoV-2, was identi-
fied in Wuhan, China in late 2019. This virus rapidly spread 
around the world causing disease ranging from minimal 
symptoms to severe pneumonia, which was termed corona-
virus disease (i.e., COVID). Postmortem examination is a 
valuable tool for studying the pathobiology of this new in-
fection. Methods: We report the clinicopathologic findings 
from 32 autopsy studies conducted on patients who died of 
COVID-19 including routine gross and microscopic exami-
nation with applicable special and immunohistochemical 
staining techniques. Results: SARS-CoV-2 infection was 
confirmed by nasopharyngeal RT-PCR in 31 cases (97%) and 
by immunohistochemical staining for SARS-CoV-2 spike-
protein in the lung in the remaining 1 case (3%). The ethni-
cally diverse cohort consisted of 22 males and 10 females 
with a mean age of 68 years (range: 30–100). Patients most 
commonly presented with cough (17 [55%]), shortness  
of breath (26 [81%]), and a low-grade fever (17 [55%]).  

Thirty-one (97%) of the patients had at least 1 comorbidity 
(mean = 4). Twenty-eight patients (88%) had widespread 
thromboembolic disease, as well as diffuse alveolar damage 
(30 [94%]), diabetic nephropathy (17 [57%]) and acute tubu-
lar injury. Patterns of liver injury were heterogeneous, fea-
turing 10 (36%) with frequent large basophilic structures in 
sinusoidal endothelium, and increased immunoblast-like 
cells in lymph nodes. Conclusion: This series of autopsies 
from patients with COVID-19 confirms the observation that 
the majority of severely affected patients have significant 
pulmonary pathology. However, many patients also have 
widespread microscopic thromboses, as well as characteris-
tic findings in the liver and lymph nodes.

© 2020 The Author(s) 
Published by S. Karger AG, Basel

Introduction

Coronaviruses (CoVs) are single-stranded, enveloped 
RNA viruses that cause respiratory illnesses among hu-
mans and animals [1, 2]. These ubiquitous viruses cause 
variably severe diseases that range from the common cold 
to severe acute respiratory syndrome (SARS) and Middle 
East respiratory syndrome (MERS). Several cases of 
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pneumonia reported in Wuhan, China in late 2019 led to 
identification of a novel coronavirus, later designated as 
SARS coronavirus-2 (SARS-CoV-2), the etiologic agent 
of COVID-19 [3, 4]. Since that time, SARS-CoV-2 has 
spread rapidly across the world causing more than ten 
million infections and more than half a million deaths by 
early summer 2020 [5]. 

Coronaviruses gain entry into cells via the angioten-
sin-converting enzyme 2 (ACE2), which is expressed in 
multiple tissue types [6]. The virus disproportionately af-
fects the respiratory system and, unlike SARS and MERS, 
disproportionately affects older patients with comorbidi-
ties such as hypertension, diabetes, obesity, and cardio-
vascular disease [4]. The reasons for this pattern of mor-
bidity and mortality are yet to be elucidated. Extrapulmo-
nary manifestations of the disease have not yet been fully 
described. 

Postmortem examination is an invaluable tool in un-
derstanding the pathobiology of disease. This study con-
tributes to the growing data on this topic [7–18]. The pur-
pose of this study is to describe clinical and pathologic 
findings in major organ systems of patients who died 
from SARS-CoV-2 infection. 

Methods

Autopsy Examination
Written or verbal informed consent was obtained for post-

mortem examination from the next of kin of 32 patients with 
confirmed or presumed COVID-19. Cases were confirmed by 
SARS-CoV-2 RT-PCR testing in 31 (97%) patients and by tissue-
based immunohistochemical staining for SARS-CoV-2 spike 
protein in 1 case (3%) of a patient who died at home and had not 
been tested previously, but had symptoms and positive family 
contacts. Clinical information and laboratory data were ob-
tained from the patients’ electronic medical records. Postmor-
tem examination of the brain was not performed due to potential 
infectious risk related to extraction. Two (6%) examinations 
were limited to the chest, one (3%) was confined to the right lung 
only, and one (3%) was limited to lung biopsies. The remaining 
28 (88%) cases included examination of all thoracic and abdom-
inal organs. The autopsies were performed from 5 to 382 h (me-
dian: 43) following death. Photographs were taken, and repre-
sentative sections submitted of all the organs and grossly visible 
lesions. 

Immunohistochemical Evaluation and Ancillary Studies
The lungs were insufflated with formalin prior to sectioning. 

Tissue specimens were fixed in 10% formalin for at least 24 h prior 
to processing. Microscopic examination of all tissue sections was 
performed on hematoxylin and eosin-stained slides. Immunohis-
tochemical stains were performed on select cases and included 
CD61 (clone 2F2, Leica NCL-CD61–308), CD163 (clone 10D6, 
Leica NCL-CD163), ERG (clone EPR3864, Ventana 6478450001), 

CD3 (clone SP7, Fisher RM-9107-S), CD20 (clone L26, Leica NCL-
CD20-L26), and C5b-9 (clone AE11, Quidel A239). Special stains 
performed on various tissue types included PAS, PAS with dia-
stase, iron, trichrome, reticulin, GMS, AFB, Brown Hopps Gram 
(BHG), and Warthin-Starry. Microscopic examination and inter-
pretation of ancillary stains were performed by 5 pathologists 
(S.P.S., A.C.B., S.V.S., J.J., A.C.).

The study was deemed exempt by the institutional review 
board. 

Statistical Analysis
Data normally distributed were presented as means and ranges. 

Categorical variables were summarized as counts and percentages. 
Statistical analysis was performed with Microsoft Excel. 

Results

Clinical Information
Patient demographics and clinical information are 

summarized in Table 1 and laboratory findings in Table 
2. The ratio of males to females was 2.2: 1, with an average 
age of 68 years old (range = 30–100 years). Thirty-seven 
percent of the patients were White, 31% were Hispanic, 
16% were Asian, and 16% were Black. Most (72%) were 
admitted to the hospital from home or died at home. 
Twenty-two percent were from a nursing home, and 6% 
were homeless. Fifty-three percent of the patients had no 
history of smoking, 25% were former smokers (mean 
pack-year = 40, range = 10–120), and for 7 (22%) it was 
unknown. None of the patients were known to be current 
smokers. No correlation was seen for patients’ blood 
types.

The average oxygen saturation (SpO2) upon admis-
sion was 78% (range = 20–99%), with only 22% of patients 
having an SpO2 > 90%. The average temperature (T) of 
patients upon admission was 37.8  ° C (range = 37–41  ° C), 
with 41% of patients having a T > 37.5  ° C. Most (81%) pa-
tients presented with shortness of breath and/or cough 
(53%); only 2 had anosmia (6%), and 1 (3%) had diarrhea 
recorded. A substantial number of patients had multiple 
comorbidities, particularly diabetes mellitus type 2 (63%), 
hypertension (53%), obesity (38%), and coronary artery 
disease (28%).

Fifty-three percent of admitted patients were trans-
ferred to the intensive care unit, and the average length of 
stay was 17 days (range = 1–28 days). Fifteen (47%) pa-
tients required intubation, which continued for a mean of 
17 days, 6% were maintained with bilevel positive airway 
pressure (BiPAP), and 31% required a non-rebreather 
mask. Treatment included a combination of hydroxy-
chloroquine (20, 63%), antibiotics (29, 91%), anticoagu-
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lation (25, 78%) and/or corticosteroids (2, 6%). The clin-
ical course was complicated by acute kidney injury (AKI) 
in 16 (50%) patients, with 6 (19%) requiring renal re-
placement therapy. Five (16%) patients developed liver 
failure. The average overall duration of disease until time 
of death was 21 days (range: 1–58). 

Thrombotic Complications
Twenty-seven (84%) of patients had macroscopic and/

or microscopic thrombi at autopsy (Table 3). Twenty-two 
(69%) had elevated D-dimers (range: 2–12,200 ng/mL). 
Coagulation factors were also prolonged, with a mean 
prothrombin time of 24 s and a mean activated partial 

Table 1. Patient demographics and clinical information

Characteristics Patients 
(n = 32)

Age, years 68 (30–100)
Gender

Male
Female

22 (69%)
10 (31%)

Race
White
Hispanic
Asian
Black

12 (37%)
10 (31%)

5 (16%)
5 (16%)

Site
Home
Nursing home
Homeless

23 (72%)
7 (22%)
2 (6%)

Postmortem interval, median (range), h 43 (5–382)
Smoking history

Never
Former
Current
Unknown

17 (53%)
8 (25%)
0 (0%)
7 (22%)

Pack-years
Former 40 (10–120)

SARS-CoV-2 RT-PCR
Positive
Not tested

31 (97%)
1 (3%)

Fever, ° C
<37.5° C
37.5–38.5° C
>38.5° C
Unknown

37.8 (37–41)
14 (41%)

5 (15%)
9 (26%)
4 (12%)

Admission SpO2, %
>90%
90–75%
<75%
NAa

78 (20–99)
7 (22%)

13 (41%)
7 (22%)
5 (15%)

Cough
Yes
No
Unknown

17 (53%)
14 (44%)

1 (3%)
Shortness of breath

Yes
No

26 (81%)
6 (19%)

Anosmia
Yes
No
Unknown

2 (6%)
27 (84%)

3 (10%)

Characteristics Patients 
(n = 32)

Diarrhea
Yes
No
NA

1 (3%)
29 (91%)

2 (6%)
Comorbiditiesb, %

None
≤2
3–5
>5
NA

4 (0–12)
1 (3%)
7 (22%)

14 (44%)
9 (28%)
1 (3%)

ICU admission
Yes
No

17 (53%)
15 (47%)

Length of ICU stay, days 17 (1–28)
Ventilator

Intubated
NRB
BiPAP
None

15 (44%)
10 (29%)

3 (9%)
6 (18%)

Length of intubation, days 17 (1–28)
Total duration of disease, days 21 (1–58)
Treatment

Antibiotics
Hydroxychloroquine and antibiotics
Hydroxychloroquine, antibiotics, and  
steroids
Supportive
Anti-coagulation

8 (25%)
17 (53%)

2 (6%)
5 (16%)

25 (78%)

Complications
Acute kidney injury
Liver failure

16 (50%)
5 (16%)

Renal replacement therapy
Yes
No

6 (19%)
26 (81%)

Data are presented as n (%) and mean (range) unless otherwise 
stated. SpO2, oxygen saturation; NA, not available; ICU, intensive 
care unit; NRB, non-rebreather mask; BiPAP, bilevel positive air-
way pressure; ACE, angiotensin converting enzyme; ARB, angio-
tensin receptor blocker. a Intubated on admission or information 
not available. b Comorbidities included: hypertension, hyperlip-
idemia, diabetes, obesity, coronary artery disease, congestive heart 
failure, chronic obstructive pulmonary disease, asthma, obstruc-
tive sleep apnea, end stage renal disease, stroke, dementia, and 
cancer.
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thromboplastin time of 51.6 s. Thrombi were most fre-
quently in respiratory (n = 25, 78%) and cardiovascular 
(n = 8, 25%) systems (Fig.  1). Macroscopic pulmonary 
thrombi were detected in 11 (34%) cases. 

Small intramyocardial vessels contained microthrom-
bi in 6 (19%) and contained fibrin, platelets, or a mixture 
of both (Fig. 1). Thrombi were also observed in the pros-
tatic venous plexus, trachea, lymph nodes, and kidney. 
Several organs showed concurrent parenchymal infarc-
tion, including one case of acute myocardial infarction 
(MI).

Respiratory System
The clinicopathologic features of the respiratory sys-

tem are summarized in Table 4. The average combined 

lung weight was 1,851 g (range = 1,000–3110 g; reference 
range = 685–1,050 g). Most patients (n = 24, 75%) had 
both exudative and proliferative diffuse alveolar damage 
(DAD). Of those patients, 13 (54%) were intubated dur-
ing their hospital course. Three (9%) patients each showed 
only acute/exudative DAD or organizing/proliferative 
DAD. All 3 patients with exudative DAD were never in-
tubated and had a mean duration of disease of 9 days 
(range = 7–11), while 2 of the 3 patients with proliferative 
DAD were intubated during their admission and had a 
mean duration of disease of 35 days (26–42 days). Sixteen 
(50%) showed the presence of alveolar neutrophils and 14 
(44%) showed evidence of organizing pneumonia. All 
cases had some degree of type II pneumocyte hyperplasia 
with reactive atypia and bronchial squamous metaplasia.

Parameters Patients (n = 32)

Blood type
O+
A+
AB+
B+
A–
NA

12 (38%)
8 (25%)
2 (6%)
2 (6%)
1 (3%)
7 (22%)

Hemoglobin, g/dL (n = 31) 11 (5.8–15.8)
WBC, ×103/μL (n = 31) 13 (0.5–43.5)
Lymphocytes, % (n = 31) 13 (1–29)
Absolute lymphocyte count, ×103/μL (n = 30) 2.5 (0.1–44.64)
Neutrophils, % (n = 31) 77 (7–96.1)
Platelets, ×103/μL (n = 31) 188 (23–400)
Troponin-I, ng/mL (n = 31) 3.7 (0.01–93.85)
D-dimer, ng/mL (n = 27) 4,848 (2–12,200)
Fibrinogen, mg/dL (n = 21) 551 (136–1,000)
Lactate dehydrogenase, U/L (n = 26) 1,071 (275–4,200)
Haptoglobin, mg/dL (n = 9) 181 (6–340)
PT, s (n = 28) 24 (12–80)
PTT, s (n = 27) 51.6 (24.9–150)
Procalcitonin, ng/mL (n = 29) 13.3 (0.06–93)
Erythroid sedimentation rate, mm/h (n = 16) 74 (10–130)
Aspartate aminotransferase, U/L (n = 31) 567 (18–6,000)
Alanine aminotransferase, U/L (n = 31) 387 (12–4,885)
Alkaline phosphatase, U/L (n = 31) 142 (53–875)
Total bilirubin, mg/dL (n = 31) 1.23 (0.2–8.4)
Antemortem blood culture

Positive
Candida albicans
Klebsiella pneumoniae
Escherichia coli
Methicillin-susceptible Staphylococcus aureus

Negative
NA

5 (15%)
2
1
1
1

23 (72%)
4 (13%)

Data are presented as n (%) or mean (range). WBC, white blood cells; PT, prothrombin 
time; PTT, partial thromboplastin time.

Table 2. Patient laboratory data
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Cardiovascular System
Clinicopathologic findings of 30 cases in which exam-

ination of the heart was performed are summarized in 
Table 5. Hypertension was the most common cardiac co-
morbidity, present in 72% of cases (n = 23). Clinically di-
agnosed coronary artery disease and chronic heart failure 
were present in 33% and 20% of patients, respectively. 

Twelve patients (38%) had two or more concurrent car-
diac comorbidities. The majority of patients had elevated 
troponin (I) (n = 23, 77%) which averaged 4.89 ng/mL. At 
autopsy, most patients (n = 28, 93%) were found to have 
mild cardiomegaly, average heart weight 494 (g) among 
women and 515 (g) among men. Histologic examination 
showed myocyte hypertrophy in 24 cases (80%) and re-

Site Thrombi 
(n = 32)

Thrombosis and 
coexisting organ 
infarction 

Heart 
Intramyocardial small vessel thrombi
Valve-associated thrombi

6 (19%)
2 (6%)

1

Lungs 
Small vessel thrombi
Large vessel thrombi
Both

23 (72%)
11 (34%)

9 (28%)

3
3
3 

Trachea 4 (13%) 1
Thyroid 3 (9%) 0
Lymph node 3 (9%) 1
Bladder 2 (6%) 0
Kidney 2 (6%) 1
Prostate 2 (6%) 1
Esophageal varices 1 (3%) 0
Diaphragm 1 (3%) 0
Ovary 1 (3%) 0

a b c

d e f

Table 3. Distribution of thrombi and 
parenchymal infarcts in organ systems

Fig. 1. Multisystem microscopic thromboses were common including in the intracardiac arteries and arterioles 
(a, b; ×20 and ×40), highlighted by CD61 immunohistochemistry (c; ×20), in the lung with (d; ×20) or without 
(e; ×20) associated infarction and in other organs including the prostate (f; ×40). 
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mote myocardial injury in 20 patients (67%) as patchy 
interstitial fibrosis. Survey of the coronary tree showed at 
least moderate atherosclerosis (> 50%) in 17 patients 
(57%). Acute myocardial ischemia was observed in a mi-
nority of patients (n = 5, 17%). Of these patients, 1 had 
acute MI due to thrombosis or hemorrhage into an ath-
erosclerotic plaque of a major coronary artery along with 
concurrent COVID-19. One patient had persistent lym-
phocytic myocarditis, diagnosed 38 days prior to the on-
set of respiratory symptoms and prior to the diagnosis of 
COVID-19. No other myocarditis or cardiac amyloid was 
seen in our cohort. 

Hepatobiliary System
Histopathologic abnormalities were observed in the 

livers of 17 (61%) patients. Steatosis was present in 9 
(32%) cases and represented the most common finding 
and could be explained by concomitant obesity, diabetes 
mellitus, and/or hyperlipidemia. Nonspecific portal-
based mild lymphocytic inflammation was present in 6 
(21%) cases. Three cases showed evidence of chronic liv-
er disease with bridging fibrosis and/or cirrhosis of un-
clear etiology. One patient had a poorly preserved intra-
ductal trematode consistent with Fasciola hepatica. 
Large peculiar basophilic structures were found in the 

Table 4. Pathological characteristics of the lungs

Characteristics DAD

none exudative proliferative both

Patients
Alveolar neutrophils
Organizing pneumonia
Pulmonary edema

2 (6%)
1
0
0

3 (9%)
2
2
0

3 (9%)
2
3
0

24 (75%)
11
8
8

Combined lung weights, ga 1,630 (1,160–2,100) 1,917 (1,830–2,020) 2,050 (1,540–2,520) 1,804 (1,000–3,110)b

Duration of disease, days 18 (1–36) 9 (7–11) 35 (26–42) 20 (1–58)
Intubated 0 0 2 (67%) 13 (52%)
Length of intubation, days NA NA 31 (28–33) 15 (1–50)

Data are presented as n (%) or mean (range). DAD, diffuse alveolar damage; NA, not applicable. a Reference range for combined lung 
weights in adults = 685–1,050 g. b Combined weight for the right lung and lung biopsy only cases are not applicable.

Features Patients (n = 30) Average

Clinical findings
Coronary artery disease 10 (33%)
Chronic heart failure 6 (20%)
Hypertension 21 (70%)
Troponin (I)a 3.7 (ng/mL)

Normal 6 (20%) 0.027 (ng/mL)
Elevated 23 (77%) 4.89 (ng/mL)

Pathologic findings
Heart weightb 480 (g)

Normal weight 2 (6%) 350 (g)
Cardiomegaly 28 (93%) 490 (g)

Histologic features
Atherosclerosis (>50% stenosis) 17 (57%)
Myocyte hypertrophy 24 (80%)
Myocyte ischemia 5 (17%)
Interstitial fibrosis 20 (67%)

a Normal troponin-I: ≤0.04 ng/mL. b Normal heart weight: male 270–360 g, female 
200–280 g.

Table 5. Clinicopathologic features of the 
cardiovascular system
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sinusoids of 10 (36%) cases (Fig.  2). These structures 
were surrounded by scant or no cytoplasm and were 
thought to represent nuclear remnants of altered cells. 
Attempts to define their nature by immunohistochem-
istry using markers for megakaryocytes (CD61), histio-
cytes (CD163), and endothelial cells (ERG) were unsuc-
cessful. 

Hematopoietic System
Sections of the spleen and/or lymph nodes were ex-

amined from all 32 cases. Due to safety concerns, bone 
marrow was not obtained except in 2 cases. Lymph 
nodes submitted included hilar, mediastinal, para
esophageal, and paraaortic. Microscopic examination 
showed variable degrees of autolysis in the spleen and 
lymph node tissues. Thus, only a select group of lymph 
nodes (18 patients) and spleens (14 patients) from au-
topsies performed 1–7 days after death were reviewed. 
Even with this restriction, the spleens showed signifi-
cant autolysis, precluding accurate histologic evalua-
tion. The lymph nodes demonstrated relatively pre-
served architecture, except for one patient with splenic 
marginal zone lymphoma (SMZL), with morphologi-
cally intact lymphoid follicles containing centrally lo-
cated germinal centers (15 cases), paracortical areas, and 
patent sinuses (Fig. 3a). This was confirmed by immu-

nostaining with CD20 highlighting the intact follicles 
with central CD10-positive germinal center cells out-
lined by CD3-positive T cells (Fig. 3b–d). The subcap-
sular and intraparenchymal sinuses were frequently ex-
panded and often contained a variable number of larger 
transformed cells with prominent nucleoli and ampho-
philic cytoplasm (Fig. 3e–f), which were variably CD20 
positive by immunostaining (Fig. 3e inset). These trans-
formed cells, some of which were immunoblast-like in 
appearance, were also seen scattered, next to vascular 
channels or sinuses and in loose groups in the paracorti-
cal region. In at least 2 cases, the loose groups of these 
larger cells were associated with apoptotic debris. These 
larger cells were present in all cases including the case of 
SMZL. Except for the scattered larger transformed cells, 
the cells in the paracortical areas were largely small lym-
phocytes or plasma cells. In some cases, the plasma cells 
were the prominent cell population. While most cases 
showed predominately CD3-positive T cells in the para-
cortical areas by immunostaining, a few cases had more 
CD20-positive B cells than usual. In addition, many 
lymph nodes showed prominent vascular congestion. 
The 3 cases where germinal centers were not identified 
were from patients who had SMZL (1), were under treat-
ment for acute myeloid leukemia (1), or had significant 
fibrosis associated with anthracotic pigment (1). How-

a b

c d

Fig.  2. Liver showing steatosis and large, 
atypical basophilic sinusoidal structures  
as seen in 2 separate cases. a H&E, ×20.  
b PAS-D, ×20. c H&E, ×40. d PAS-D, ×40.
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ever, the latter 2 cases showed otherwise normal archi-
tectural features including sinuses. 

Kidney
Clinical parameters for comorbidities and renal func-

tion tests on all 32 patients are summarized in Table 6. 
Diabetes and hypertension were frequently present, and 
patients had subsequent associated chronic kidney disease. 
Two patients had ESRD at the time of autopsy, while 16 
had AKI corresponding to the onset of viral infection. Five 
(17%) required new renal replacement therapy. Presenting 
creatinine ranged from 0.66 to 9.6 mg/dL (mean 1.7 mg/
dL). Proteinuria was present in 9 patients with 2+ to 3+ 
intensity (of 18 with urinalysis performed), but no quanti-
fication was undertaken in any patients in this cohort. 

Histologic examination was available for 28 autopsies. 
The pathology correlated with their underlying comor-

bidities, including diabetic nephropathy in 14 patients 
(50%), extensive tubulointerstitial scarring (> 25%) in 
43% of cases, with moderate to severe vascular sclerosis 
in 79% of cases (Fig. 4). Tubular autolysis precluded as-
sessment of acute tubular injury in the majority of cases, 
which was likely the main etiology of AKI on chronic kid-
ney disease. The peritubular capillaries were dilated in 
nearly all cases with inflammatory margination frequent-
ly identified. Rare other pathologic diagnoses were also 
seen (Table 6; Fig. 4). Two cases showed thrombotic mi-
croangiopathy of the glomeruli with acute thrombi fo-
cally present within the glomerular hilar vessels and/or 
peripheral capillary loops leading to endothelial swelling 
and luminal closure. Evidence of complement-mediated 
endothelial injury was identified by C5b-9 staining in up 
to 67% of cases, including the 2 with frank thrombi (Table 
6; Fig. 4e).

a b

c d

e f

Fig. 3. Lymph nodes with preserved archi-
tecture (a; H&E, ×20), including intact fol-
licles highlighted by CD3 (b; IHC, ×20), 
CD20 (c; IHC, ×20), and CD10 (d; IHC, 
×20). The subcapsular and intraparenchy-
mal sinuses contain large transformed cells 
with prominent nucleoli and amphophilic 
cytoplasm (e, f; H&E with oil immersion, 
×100), which stain for CD20 (e, inset, 
IHC, ×60).
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Discussion

In this study, we described the unique and multisystem 
clinical and pathologic findings in 32 autopsies of patients 
who died from the novel coronavirus, SARS-CoV-2. 
Clinically, our patient cohort was older with multiple un-
derlying comorbidities, similar to those described in oth-
er publications [1, 4]. The majority of patients were male, 
on average in their late 60s, and had an average of 4 co-
morbidities, most commonly hypertension, coronary ar-
tery disease, obesity, and diabetes. More than half of the 
patients were Caucasian or Hispanic, but in distinction to 
studies from the Chinese and European literature, ours 
was a diverse patient population with deaths seen across 
the ethnic spectrum [18–20]. The most common present-
ing symptoms were shortness of breath, cough, and a low-

grade fever. On histologic examination, we observed 
findings secondary to the patients’ preexisting conditions 
in the heart, lungs, liver, and kidneys, as well as changes 
secondary to SARS-CoV-2 infection such as various stag-
es of DAD and multiple thromboemboli in large and 
small vessels in multiple organs. 

As previously reported, lung injury was the main cause 
of death in our patients [4, 8]. The virus is believed to in-
fect the epithelial lining cells of the respiratory tract using 
the ACE2 enzyme as a viral receptor leading to DAD, ede-
ma, and a marked increase in lung weights at autopsy. 
Notably, the lung pathology was heterogeneous, corre-
sponding to the radiographic findings of patchy ground 
glass opacifications, and on histology the pulmonary pa-
renchyma demonstrated a range of findings from patchy 
exudative hyaline membrane disease to organizing pneu-

Table 6. Clinicopathologic features of the kidneys

Feature Patients (n = 32) Notes

Clinical findings
Diabetes/pre-diabetes 20 (63%) 
Hypertension 23 (72%) 
Obesity 10 (31%) 
Acute kidney injury 16 (53%) n = 30a

Requiring renal replacement therapy 5 (17%) n = 30a

Creatinine, mg/dL Range: 0.66–9.61 (n = 29) Mean 1.7  
Proteinuria 9 (50%) (n = 18) None quantitated

Pathologic findings (n = 28)b

Diabetic nephropathy 14 (50%)
Diffuse mesangial glomerulosclerosis 11 (39%) 
Nodular mesangial glomerulosclerosis 3 (11%) 

Other diagnoses
Obesity related glomerulopathy 2
Papillary Necrosis 2
Thrombotic microangiopathy 2
Atheroembolic disease 1
Bilateral infarction 1

Global glomerulosclerosis 5–95% Mean 22.7%b 
Interstitial fibrosis and tubular atrophy

<25%  16 (57%)
26–50%  7 (25%)
>50% 5 (18%)

Vascular sclerosis
Mild 6 (21%)
Moderate 10 (36%)
Severe 12 (43%)

C5b-9 immunohistochemical staining
Cases in arterioles 67%
Cases in glomeruli 21% 

a Two ESRD patients excluded. b Excludes ESRD and chest only autopsies.
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monia, while some areas were histologically normal. 
These features are most likely indicative of the spread of 
virus in the lung, but future studies are needed to investi-
gate this in greater detail.

Multiple authors have reported clinical evidence of 
cardiac injury seen in the form of elevated troponins, and 
pathologically concurrent MI and myocarditis [1, 4, 21–
24]. Similar to other studies, the majority of our patients 
had elevated troponin (I) [8]. The most significant histo-
logic finding in our cohort was the presence of intramyo-
cardial thrombi, identified in 19% of patients. Currently, 
it is known that endothelial injury and thrombosis are 
seen in patients with SARS-CoV-2 infection as a part of 
microangiopathy [25]. Thrombi are most frequently seen 
in the lungs [19, 25]. However, few reports address mi-
crothrombi in the myocardium, which we found in these 
patients when evaluating random heart sections. We be-
lieve that SARS-CoV-2-infected patients have a propen-
sity to develop microthrombi in the myocardial vessels 
which correspond to microthrombi also seen in other or-
gans. Microthrombi are not typically seen in the micro-
circulation of the heart in conditions other than throm-
botic thrombocytopenic purpura and hemolytic uremic 
syndrome [26, 27]. While frank myocardial ischemia was 
not frequently present, except in 1 case with well-docu-
mented MI, the elevated troponins and clinical myocar-

dial dysfunction may be due to small-vessel thromboses 
in addition to general hypoxia. 

SARS-CoV-2 has also been reported to cause myocar-
ditis, mostly reported based on imaging and electrocar-
diogram changes [22, 23, 28]. As more studies emerge, the 
link of COVID-19 and viral-associated myocarditis does 
not appear to have a major role, if any, in the cardiac in-
jury in these patients. In our series, one patient had lym-
phocytic myocarditis at autopsy. However, the patient 
had underlying congenital heart disease requiring mul-
tiple surgeries, and the myocarditis was temporally dis-
tant, arising earlier than viral symptoms. Therefore, we 
believe it was unrelated to the viral infection. No other 
patient had any inflammatory infiltrates in the heart. No 
viral inclusion was observed in any cases. 

Liver injury, in the form of moderately elevated ami-
notransferases, has been reported in up to 53% of patients 
[29]. Rare patients have transaminases rise above a thou-
sand [30]. In contrast to the cardiovascular pathology, 
few patients had preexisting chronic disease, with the ex-
ception of steatosis, similar to other studies [18, 29–31]. 
Close to a half of our cohort exhibited moderately elevat-
ed aspartate and alanine aminotransferase enzymes, and 
a minority of patients (n = 5) developed acute liver failure 
of unclear etiology. The presence of ACE-2 which is inte-
gral for viral entry into the cells is present more on chol-

a b c

d e f

Fig. 4. Kidney showing prominent changes of diabetic nephropathy including mesangial diabetic glomeruloscle-
rosis and extensive arteriolar hyalinosis (a; PAS, ×40), acute tubular necrosis (b; H&E, ×20), papillary necrosis 
(c; H&E, ×4), atheroembolic disease (d; PAS, ×20), glomerular thrombotic microangiopathy (e; H&E, ×40), and 
glomerular and arteriolar endothelial staining for C5b-9 (f; IHC, ×40).
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angiocytes compared to hepatocytes; however, no signif-
icant elevation in bilirubin or histologic evidence of duct-
ular injury was seen, similar to the study by Fan et al. [32]. 
Nuclear material of SARS-CoV has been detected in the 
liver by RT-PCR [33, 34]; however, no specific histologic 
correlate of direct hepatocyte injury by SARS-CoV has 
been reported with the exception of nonspecific findings 
of acidophil bodies, ballooning hepatocytes, and atypical 
mitoses. Drug-mediated liver damage may confound the 
interpretation of hepatocyte injury in these patients par-
ticularly when treated with lopinovir and ritonavir for 
COVID-19 [32]. However, our patients have been treated 
predominately with hydroxychloroquine which is not 
known to cause direct liver injury [35]. 

A number of mechanisms have been proposed to in-
duce clinically observed liver damage in COVID patients 
such as locoregional viral replication, cytokine storm, hy-
poxia, hypovolemia, and acute on chronic injury of pre-
existing conditions [33, 36]. We have observed peculiar 
previously unreported basophilic structures of unknown 
origin, in 36% of patients. These structures are singly scat-
tered and located predominately in sinusoids. While im-
munohistochemical staining failed to prove their identity 
as macrophage, megakaryocytic, or endothelial derived 
structures, there is a possibility that IHC staining was 
compromised on this autolyzed autopsy material. As one 
of these patients had blue-green crystals in circulating 
monocytes and neutrophils premortem, which have been 
ascribed to liver injury in the literature, it is possible that 
these structures are related [37]. By further identification 
and study of these structures, hopefully full characteriza-
tion will be possible. 

The renal manifestations of AKI in these patients are 
mostly due to acute tubular injury in addition to chronic 
diseases from the patients’ underlying conditions, partic-
ularly diabetes and hypertension, confirming that seen in 
prior studies [3, 4]. Acute tubular injury may be related to 
tubular ischemia alone such as hemodynamic changes or 
could be further exacerbated by direct viral infection, cy-
tokine mediated injury, or drug-related tubular toxicity. 
Considerable renovascular disease is present with moder-
ate-to-severe sclerosis in 80% of cases, atheroemboli, pap-
illary necrosis, and 2 cases of glomerular fibrin thrombi 
also detected. The latter corresponding to patients with 
more widespread multiorgan thromboses, but overall the 
majority (67%) had evidence of complement-mediated 
endothelial injury, by C5b-9 staining, potentially indicat-
ing a role of viral-associated endothelial pathology. 

Although the primary target of coronaviruses is the 
respiratory system, coronaviruses are known to cause dis-

seminated infection [33]. One of unusual sites is the he-
matopoietic system. Clinically patients have lymphope-
nia and mild thrombocytopenia, as seen in this study. 
Previously reported lymphocyte depletion in the lymph 
nodes and absent germinal centers have not been ob-
served in this cohort [8]. We have seen preservation of 
lymph node architecture with addition of sinus dilatation 
and congestion, similar to that reported by Menter et al. 
[18]. It is unclear if viral proteins are present within the 
lymph nodes and therefore whether morphologic chang-
es in the lymph nodes are a direct consequence of viral 
replication or a nonspecific change to a viral infection.

Overall, the autopsies show 2 patterns of injury, chron-
ic and acute. The patients had significant underlying co-
morbidities, and the more chronic pathologic changes re-
flect that, including the chronic kidney disease namely 
diabetic nephropathy and vascular sclerosis, the cardiac 
hypertrophy, patchy cardiac fibrosis, and coronary artery 
disease, as well as the hepatic steatosis and nonspecific 
fibrosing changes. On top of those, there are acute chang-
es either directly due to viral infection or associated with 
the recent infection which include the pulmonary DAD, 
widespread microscopic thrombi and associated organ 
infarcts, reactive lymph node changes with immunoblas-
tic-type cells, atypical hepatic sinusoidal concretions/
cells, renal TMA, and acute tubular injury in the kidneys.

The autopsies all came from a 2-month period of time 
when the treatment the patients received was largely an-
tibiotics plus or minus hydroxychloroquine in 78% of 
these cases. As the microthrombi became a more regard-
ed complication, anticoagulation was also utilized, also in 
78% (n = 25) of the cases. However, of those 25, 19 still 
were found to have thrombi in the lungs at autopsy and 
of the 6 without pulmonary thrombi, 2 had other organ 
involvement bringing the total to 21 of 25 patients. In 
comparison, 6 of the 7 patients who were not anti-coag-
ulated also showed thrombi. Steroids were not frequently 
utilized and only given to 2 patients, for 3 days each, 17 
and 24 days prior to their death. Larger studies are need-
ed to further investigate the impact of anticoagulation 
and immunosuppression in this disease.

In conclusion, this autopsy series of 32 ethnically di-
verse patients with SARS-CoV-2 infection from a single 
NYC autopsy service shows a multisystemic pathology 
which leads to death typically in those with comorbidi-
ties. While the lung findings are most significant for the 
majority of those infected, other organ systems are fre-
quently involved including with widespread microscop-
ic thromboses in numerous organs, as well as liver, kid-
ney, and lymph node pathology. Autopsy findings in 
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these most severely affected patients can serve as a valu-
able source of information in studying this new disease 
process. 
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