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Abstract: Coronavirus Disease 2019 (COVID-19), caused by the
novel Severe Acute Respiratory Syndrome–associated Coronavirus
2 (SARS-CoV-2), has become a global threat to public health.
COVID-19 is more pathogenic and infectious than the prior 2002
pandemic caused by SARS-CoV-1. The pathogenesis of certain
disease manifestations in COVID-19 such as diffuse alveolar
damage (DAD) are thought to be similar to SARS-CoV-1. How-
ever, the exact pathogenesis of COVID-19 related deaths remains
poorly understood. The aim of this article was to systematically
summarize the rapidly emerging literature regarding COVID-19
autopsies. A meta-analysis was also conducted based on data ac-
crued from preprint and published articles on COVID-19 (n=241
patients) and the results compared with postmortem findings as-
sociated with SARS-CoV-1 deaths (n=91 patients). Both autopsy
groups included mostly adults of median age 70 years with COVID-
19 and 50 years with SARS-CoV-1. Overall, prevalence of DAD
was more common in SARS-CoV-1 (100.0%) than COVID-19
(80.9%) autopsies (P=0.001). Extrapulmonary findings among
both groups were not statistically significant except for hepatic ne-
crosis (P <0.001), splenic necrosis (P< 0.006) and white pulp de-
pletion (P <0.001) that were more common with SARS-CoV-1.
Remarkable postmortem findings in association with COVID-19
apart from DAD include pulmonary hemorrhage, viral cytopathic
effect within pneumocytes, thromboembolism, brain infarction,
endotheliitis, acute renal tubular damage, white pulp depletion of

the spleen, cardiac myocyte necrosis, megakaryocyte recruitment,
and hemophagocytosis.
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KEY POINTS

(1) A meta-analysis of autopsy findings was conducted
based on data from articles on Coronavirus Disease
2019 (COVID-19), (n= 241 patients) and Severe Acute
Respiratory Syndrome–associated Coronavirus 1
(SARS-CoV-1) deaths (n= 91 patients).

(2) Diffuse alveolar damage (DAD) was the most
common cause of mortality in both viral groups.

(3) Notable extrapulmonary postmortem findings associated
with COVID-19 include thromboembolism, brain in-
farction, endotheliitis, acute renal tubular damage, white
pulp depletion of the spleen, cardiac myocyte necrosis,
megakaryocyte recruitment, and hemophagocytosis.

INTRODUCTION
Autopsies remain the gold standard to understand the

pathogenesis of new and emerging diseases. Autopsies per-
formed during previous coronavirus pandemics, due to Severe
Acute Respiratory Syndrome (SARS) caused by SARS-
CoV-1 in 2002, and Middle East Respiratory Syndrome
(MERS) caused by MERS-related coronavirus (MERS-CoV)
in 2012, provided insights into their pathogenesis that con-
tributed to improved patient management.1,2 Since the initial
2019 outbreak in Wuhan, China almost every country has
subsequently been affected by COVID-19 caused by the novel
Severe Acute Respiratory Distress Syndrome Coronavirus 2
(SARS-CoV-2). While most infected individuals have recov-
ered from COVID-19, many have become seriously ill, espe-
cially the elderly and those with underlying comorbidities (eg,
hypertension, diabetes).3 Unfortunately, the mortality rate
among severely ill patients, despite medical intervention such
as ventilation, has been high with an overall global mortality
rate of 7% to 15%.4,5
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Studies have shown that SARS-CoV-2 is an RNA
virus that belongs to the same family of beta coronaviruses
as SARS-CoV-1 and MERS-CoV. Minor differences in
the spike protein of SARS-CoV-2 are associated with its
increased transmission rate.6 Both SARS-CoV-1 and
SARS-CoV-2 use the angiotensin-converting enzyme 2
(ACE-2) receptor for binding to host cells. It is speculated
that the pathogenesis of COVID-19 is similar to that of
SARS. Although acute respiratory distress syndrome
(ARDS), and its histologic hallmark DAD, is considered
to be the most common cause of death in COVID-19, the
pathologic basis of why ARDS occurs only in a subset of
patients and why only a subset of these afflicted in-
dividuals die is unclear.7,8 Furthermore, the clinical course
of severe and fatally ill patients with COVID-19 has been
complicated by cardiac injury, shock, and thrombosis in-
cluding pulmonary embolism and stroke.9

The literature regarding COVID-19 is rapidly
emerging with articles progressively unraveling the
pathogenesis and underlying pathology of this infectious
disease based largely on either gross examination only,
limited autopsy case reports, small postmortem series, and
partial autopsy findings.10–14 Despite the active appeal to
perform autopsies on COVID-19 patients, the current
overall autopsy rate appears to be low.15–18 The paucity of
autopsy data is not surprising because initially there were
recommendations to suspend postmortems on patients
with suspected/confirmed COVID-19 infection.19 Also,
performing postmortem examinations on COVID-19 pa-
tients is risky and requires an autopsy facility with ap-
propriate biosafety accessories.20 Fortunately, there has
been a recent drive to boost postmortem services during
this pandemic.21 This is important because many critical
questions about COVID-19 remain to be answered. For
example, apart from ARDS what role do other processes
such as direct nonpulmonary tissue viral infection, im-
mune dysregulation, primary thrombosis, disseminated
intravascular coagulation (DIC), and secondary infections
play in fatal COVID-19 disease?22–25 Clearly, there is an
urgent need to characterize the underlying pathology of
COVID-19 to better understand the pathogenesis of this
disease and more effectively treat infected patients.

The aim of this review article was to systematically
summarize the available emerging literature regarding
COVID-19 autopsies. The intent was to additionally
conduct a meta-analysis to compare postmortem findings
in decedents of COVID-19 to previously published find-
ings in SARS-CoV-1 associated deaths.

MATERIALS AND METHODS
A review of the English and non-English literature in

online archival databases up to June 2020 was performed.
There were 15 articles about autopsies on patients with
confirmed SARS-CoV-11,26–39 and 24 articles detailing
autopsies on patients with confirmed COVID-1911–14,40–59

that were included (Supplemental Digital Content Table 1,
http://links.lww.com/PAS/B82). Two of the SARS-CoV-1
articles referred to the same group of 8 patients,26,27 but

because they provided different clinical and pathologic
details in each paper both were included without dupli-
cating the patient count. A total of 332 patients were
identified including 91 with SARS-CoV-1 infection and
241 with COVID-19. All of the papers concerning SARS-
CoV-1 were previously published, whereas only 15
(62.5%) of the papers about COVID-19 autopsies were
accepted in the peer-reviewed literature at the time of
submitting this review with the remaining preprint articles
analyzed available on medRxiv or bioRxiv. One COVID-
19 paper of a pregnant woman with COVID-19 has since
been withdrawn by the authors.47

Specific patient age was provided for 131 patients
(60 with SARS-CoV-1, 71 with COVID-19), allowing for
an age comparison for both patient groups. The normality
of the distributions of patient age was examined using the
Shapiro-Wilk normality test. As the data were not nor-
mally distributed, the Mann-Whitney test was used to
compare SARS-CoV-1 and COVID-19 patient ages. One
article provided age ranges for each of the 11 patients in
their study,52 and these were added to a categorical sum-
mary of age with the other 131 patients. The Pearson χ2
test was used to determine if the proportion of cases with
SARS-CoV-1 or COVID-19 was different among catego-
rical data variables (sex, age category, race/ethnicity,
documented comorbidities, and microscopic pathologic
details including inflammation, thromboembolic findings, and
necrosis). Pooled prevalence and their 95% confidence inter-
vals of histopathologic findings was calculated using the
DerSimonian-Laird random-effects model after double-
arcsine transformation. Double-arcsine transformation is the
appropriate choice when the sample size is small and/or ex-
treme proportions need to be handled.60,61 A formal Egger test
detected no publication bias.62 Statistical significance was as-
sumed at P-value <0.05. Analyses were performed using IBM
SPSS Statistics 22 and software R 3.6.2 (R Foundation for
Statistical Computing, Vienna, Austria) with R Studio
1.2.5033 environment (R Studio Inc., Boston, MA).

The selected images included in this manuscript were
acquired from a total of 157 autopsies performed at the
aforementioned institutions, as well as from 26 personal
consultation cases of autopsies performed at other in-
stitutions on patients with confirmed SARS-CoV-2.

Autopsy Procedure
Since the outbreak of COVID-19, several articles have

emphasized the need to conduct autopsies using standardized
protocols and recommended using at least a Biosafety Level-
2 autopsy facility.20,63–65 Guidelines were also proposed for
forensic pathology.66 Although performing a complete body
autopsy is ideal, alternative options utilized to minimize the
risk of SARS-CoV-2 transmission to autopsy staff have in-
cluded performing limited postmortems with in situ sampling
or minimally invasive puncture/core biopsy autopsies11,12,67

of only major target organs with or without opening the
entire body. Autopsy procedure recommendations have in-
cluded utilizing adequately trained staff, minimizing
the number of people in the autopsy suite, and allowing only
one person to handle knives. The autopsy facility should
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include an airborne infection isolation room with negative
pressure and a minimum number of air changes per hour. If
an airborne infection isolation room is not available, a
portable high-efficiency particulate air recirculation unit has
been recommended to reduce aerosols.

In addition to universal precautions, additional air-
borne safeguards as well as eye protection are recom-
mended during these autopsies. Personal protective
equipment recommendations include double surgical
gloves with cutproof synthetic mesh gloves in between,
impermeable/fluid-resistant gown, waterproof apron, face
shield or goggles, N-95 or higher disposable respirators, as
well as donning surgical scrubs, shoe covers, and a surgical
cap. Postmortem swabs for COVID-19 testing have been
recommended from the upper respiratory tract (eg, naso-
pharyngeal swab) or lower respiratory tract (eg, swab
from each lung).68,69 Aerosol-generating procedures
(eg, use of an oscillating bone saw) are to be avoided. If
brain removal is performed using an oscillating saw, the
use of a vacuum shroud or containment box has been
recommended.70 Standard precautions along with the use
of personal protective equipment are also recommended
when transferring bodies, including disinfecting the out-
side of body bags after use. Specimens collected for bio-
banking have included unfixed tissue, swabs, or blood
stored at −80°C, as well as formalin-fixed tissue.64,71

Epidemiology and Clinical Setting
Articles about SARS-CoV-1 were mostly from

China (n= 11, 73%) with 2 published from Singapore and
1 each from Taiwan and Canada. Articles about COVID-
19 arose mostly from the United States (n= 11, 46%), then
China (n= 5, 21%), with 2 published from Switzerland
and 1 each from Austria, France, Germany, Iran, Italy,
and Japan. Table 1 summarizes the autopsy procedures
employed (Supplemental Digital Content Table 2,

http://links.lww.com/PAS/B83). The clinical course (Sup-
plemental Digital Content Table 3, http://links.lww.com/
PAS/B84) for COVID-19 in these papers ranged from 0 to
61 days after the onset of illness to the time of death,
compared with 1 to 108 days for SARS-CoV-1 patients.
The initial clinical presentation for COVID-19 was similar
to SARS-CoV-1. The majority of infected patients pre-
sented with fever, cough, shortness of breath, myalgia and
other variable symptoms depending upon organ involve-
ment (eg, diarrhea, headache).

COVID-19 patients were statistically significantly
older (median= 70.0 y) than SARS-CoV-1 patients (me-
dian= 50.0 y, U= 949.00, P< 0.001) (Table 2). Of note,
COVID-19 patients were more likely than SARS-CoV-1
patients to be 60 to 79 years old (χ2= 10.383, P= 0.001)
and 80+ years old (χ2= 12.098, P= 0.001). Table 3
compares patient race among both viral groups showing
that with SARS-CoV-1 infections were restricted to Asian
populations, but that COVID-19 infections present in all
examined ethnic groups. With COVID-19, of 234
autopsies that specified sex, there were 161 (68.8%)
males and 73 (31.2%) females. With SARS-CoV-1, of 80
autopsies that specified sex, there were 57 (71.3%) males
and 23 (28.8%) females. There was not a significant
association between gender and virus group (χ2= 0.168,
P= 0.682). Table 4 and Supplemental Digital Content
Table 3 (http://links.lww.com/PAS/B84) summarizes pa-
tient comorbidities indicating that hypertension was the
most common comorbid disease overall. Nearly all of the
listed comorbidities were documented in a higher pro-
portion for COVID-19 patients, with the exception of

TABLE 1. Summary of Type of Autopsy, Organs Examined,
and Timing of Diagnosis

n (%)

Autopsy Parameters
COVID-19
(N= 241)

SARS-CoV-1
(N= 91)

Autopsy type
Whole body autopsy 130 (53.9) 57 (62.6)
Partial/punch autopsy 110 (45.6) 34 (37.4)
Not specified 1 (0.4) 0 (0.0)

Organ(s) examined
Lung 157 (65.1) 72 (79.1)
Kidney 124 (51.5) 31 (34.1)
Liver 92 (38.2) 44 (48.4)
Heart 100 (41.5) 30 (33.0)
Spleen 92 (38.2) 39 (42.9)
Brain 71 (29.5) 27 (29.7)
Gastrointestinal 53 (22.0) 28 (30.8)
Other organ(s) 36 (14.9) 39 (42.9)
Endocrine 26 (10.8) 24 (26.4)
Genitourinary 15 (6.2) 19 (20.9)

Timing of diagnosis
Antemortem 236 (97.9) 88 (96.7)
Postmortem 5 (2.1) 3 (3.3)

Days to death (range) 0-61 1-108

TABLE 2. Age Distribution by Virus Group in Autopsy
Publications

n (%)

Age
(y)

COVID-19*
(N= 82)

SARS-CoV-1†
(N= 60)

Higher
Proportion χ2 P

≤ 39 4 (4.9) 19 (31.7) SARS 18.318 < 0.001
40-59 12 (14.6) 23 (38.3) SARS 10.478 0.001
60-79 41 (50.0) 14 (23.3) COVID 10.383 0.001
80+ 25 (30.5) 4 (6.7) COVID 12.098 0.001

*82 of the 241 (34.0%) COVID-19 patients from included articles had patient-
level age information; the remaining 86 patients provided only summary in-
formation (average, range) or no age information.

†60 of the 91 (65.9%) SARS-CoV-1 patients from included articles had patient-
level age information; the remaining 31 patients provided summary information
(average, range) or no age information.

TABLE 3. Deceased Patient Race/Ethnicity by Virus Group
n (%)

Race/Ethnicity COVID-19* (N= 157) SARS-CoV-1† (N= 67)

Caucasian 44 (28.0) 0 (0.0)
African American 26 (16.6) 0 (0.0)
Asian 52 (33.1) 67 (100.0)
Hispanic 34 (21.7) 0 (0.0)

*157 of the 241 (65.1%) COVID patients from included articles provided race.
†67 of the 91 (73.6%) SARS patients from included articles provided race.
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cancer. COVID-19 patients were more likely to have hy-
pertension, diabetes, and/or obesity than SARS-CoV-1
patients (χ2= 21.177, P< 0.001; χ2= 8.620, P= 0.003;
χ2= 5.433, P= 0.020, respectively).

Pulmonary radiology features were similar in both
groups with a chest x-ray or computed tomography scan
findings showing bilateral ground-glass opacities with or
without consolidation. Laboratory test results were re-
ported in some studies. The most notable findings for
COVID-19 were leukocytosis with relative lymphocyto-
penia, variably increased lactate dehydrogenase, increased
blood urea nitrogen, decreased glomerular filtration rate,
increased international normalized ratio, and increased
D-dimers.11,12,40,47,48,52,53 SARS-CoV-1 patients were also
reported to present with lymphocytopenia.31,36,38

Pulmonary Pathology Findings
The gross findings in COVID-19 autopsies were no-

table for heavy lungs with edema, congestion, with or
without consolidation, and in some cases, hemorrhage was
observed (Fig. 1). In COVID-19 cases, there was a mild
serosanguinous pleural effusion (n= 7) and pleural adhesions
(n=8). According to Calabrese et al72 pleural effusions were
detected in more than half of the patients with COVID-19.
Tracheitis was present in a subset of COVID-19 patients.40

The main histopathologic lung findings in available
studies are summarized in Table 5 (Supplemental Digital
Content Table 4, http://links.lww.com/PAS/B85 and Supple-
mental Digital Content Table 5, http://links.lww.com/PAS/
B86). The spectrum of microscopic abnormalities seen in
COVID-19 overlapped with those reported in SARS-CoV-1.
All of the SARS-CoV-1 patients showed DAD, which was
statistically significantly higher than COVID-19 (χ2=12.029,
P=0.001). The majority of COVID-19 patients exhibited
features of DAD (Fig. 2), with most cases showing early acute
DAD (Fig. 3). Histologic features suggestive of the different
phases of DAD reported in COVID-19 autopsies included
acute DAD (n=74), proliferative DAD (n=22), mixed acute/
proliferative DAD (n=42), and fibrotic/chronic DAD
(n=20). For SARS-CoV-1 autopsies, the histologic features
of the different phases of DAD included: acute DAD (n=39)
(Fig. 4), proliferative DAD (n=20), mixed acute/proliferative
DAD (n=23), and fibrotic/chronic DAD (n=33). Additional
findings included severe type II pneumocyte hyperplasia,

desquamation of pneumocytes, squamous metaplasia, focal
fibroblast plugs, interstitial thickening, mild patchy chronic
inflammation, intra-alveolar hemorrhage (Fig. 5), mega-
karyocytes,14,43,46 and hemophagocytosis.55 A significantly
higher proportion of SARS-CoV-1 patients had hemorrhage
and/or vascular injury identified in their lungs (χ2=28.643,
P<0.001; χ2=14.681, P<0.001, respectively). Vascular
injury was noted in both viral groups, with most of the
involved COVID-19 cases showing lymphocytic endo-
theliitis44,47,51,53 with41 or without necrosis of the vessel wall,
cytoplasmic vacuolization, or endothelial detachment.56 Vasc-
ular injury described in the articles was mainly endotheliitis
due to inflammation of small capillary sized blood vessels/
capillaritis. Very few articles included the term vasculitis. The

TABLE 4. Documented Patient Comorbidities by Virus Group
n (%)

Comorbid Disease COVID-19* (N= 234) SARS-CoV-1† (N= 35) Higher Proportion χ2 P

Hypertension 131 (56.0) 5 (14.3) COVID 21.177 < 0.001
Diabetes 68 (29.1) 2 (5.7) COVID 8.620 0.003
Obesity 32 (13.7) 0 (0.0) COVID 5.433 0.020
Lung disease 31 (13.2) 1 (2.9) COVID 3.136 0.077
Heart disease 83 (35.5) 8 (22.9) COVID 2.164 0.141
Kidney disease 31 (13.2) 1 (2.9) COVID 3.136 0.077
Cancer 25 (10.7) 4 (11.4) SARS 0.018 0.895
Immunocompromised 12 (5.1) 0 (0.0) COVID 1.879 0.170

*234 of the 241 (97.1%) COVID-19 patients from included articles had comorbidity details provided.
†35 of the 91 (38.5%) SARS-CoV-1 patients from included articles had comorbidity details provided.

FIGURE 1. Right lung shown in the sagittal section from a
68-year-old woman who died of COVID-19 after 3 weeks of
ventilation for ARDS showing diffuse hemorrhagic congestion
(lung weight=1130 g; normal adult mean weight=300 to
350 g).
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literature was inconsistent in providing details about vascular
injury and ranged from endothelial denudation to vasculitis.
In COVID-19 autopsies, for the reported cases with small
vessel/capillary endotheliitis (n=28) most were due to lym-

TABLE 5. Key Microscopic Lung Pathology Findings
COVID-19 SARS-CoV-1

Histopathology Total n (%) Total n (%) Higher Proportion χ2 P

DAD* 157 127 (80.9) 54 54 (100.0) SARS 12.029 0.001
Hyaline membranes 157 126 (80.3) 54 49 (90.7) SARS 3.122 0.077
Inflammatory cells† 157 115 (73.2) 54 45 (83.3) SARS 2.487 0.135
Microthrombi 157 93 (59.2) 54 33 (61.1) SARS 0.059 0.808
Hemorrhage 157 56 (35.7) 54 42 (77.8) SARS 28.643 < 0.001
Vascular injury‡ 157 33 (21.0) 54 26 (48.1) SARS 14.681 < 0.001
Pulmonary embolism 157 13 (8.3) 54 6 (11.1) SARS 0.393 0.531

*Approximate number of different phases of DAD as per the histopathologic data provided in the articles: For COVID-19: acute DAD (n= 74), proliferative DAD
(n= 22), mixed acute/proliferative DAD (n= 42), and fibrotic/chronic DAD (n= 20). For SARS-CoV-1: acute DAD (n= 39), proliferative DAD (n= 20), mixed acute/
proliferative DAD (n= 23), and fibrotic/chronic DAD (n= 33).

†Inflammatory cells were present in the interstitium predominantly. For COVID-19: lymphocytes (n= 76), plasma cells (n= 6), neutrophils (n= 3), macrophages (n= 3),
and inflammatory cell type not specified (n= 1). For SARS-CoV-1: macrophages (n= 34) and lymphocytes (n= 25).

‡Vascular injury described in the articles was mainly endotheliitis due to inflammation of small capillary sized blood vessels/capillaritis. Very few articles included the
term vasculitis. Literature was not consistent in providing details about vasculitis and included endothelial denudation also as vasculitis. For COVID-19: small vessel/
capillary endotheliitis (n= 28), vascular injury with/due to denudation of small to medium-sized vessel (n= 5). For SARS-CoV-1: small vessel endotheliitis (n= 9) and
vascular injury with/due to endothelial denudation (n= 17).

FIGURE 2. Forest plot for the prevalence of DAD in reported
autopsy studies with COVID-19 versus SARS-CoV-1 (SARS)
as the main subgrouping variable. CI indicates confidence
interval.

FIGURE 3. DAD associated with COVID-19. Hyaline mem-
branes are present throughout the alveolar spaces in this acute
phase of DAD (hematoxylin and eosin).
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phocytic endotheliitis or vascular injury with/due to endo-
thelial denudation of small-sized to medium-sized vessels
(n=5). In SARS-CoV-1 cases, there was also small vessel
endotheliitis (n=9) and vascular injury with/due to endothelial
denudation (n=17). Vasculitis described in the papers
appeared to be secondary and minimal without true vasc-
ular destruction or fibrinoid necrosis. Interstitial inflammation
was present, but was not a prominent component in COVID-
19. In COVID-19, the interstitial inflammatory cells were
mostly T lymphocytes (CD4+, CD8+)11,43 with fewer B
lymphocytes as opposed to increased macrophages seen in
SARS-CoV-1.26 Lymphocytic interstitial pneumonia is not an
important finding in COVID-19 cases, as per our literature
review. In general, lymphocytic interstitial pneumonia is a very
rare entity and its pathology overlaps considerably with the
chronic interstitial pneumonia that can be found in many
different interstitial lung disease patterns (eg, hypersensitivity
pneumonitis, and the early phase of acute DAD). Therefore, in
the studies where this finding is referenced, this histopathology
is most likely referring to a more general chronic interstitial
pneumonia that is found in these lungs. In a small series of 6
COVID-19 patients evaluated by postmortem biopsy, Copin
and colleagues found lymphocytic pneumonia in 1 patient who
died within a week of presentation. The remaining cases in their

study, all with longer survival intervals (∼20 d), were diagnosed
with an acute fibrinous organizing pneumonia (AFOP) pattern
of lung injury.56 Acute bronchopneumonia with super-
imposed bacterial or fungal infection was present in both
COVID-19 (n= 29)11,14,40,43,45,46,52,55 and SARS-CoV-1
(n= 14) cases.1,26–28,33

Pulmonary embolism, with or without associated deep
venous thrombosis, was present in both groups. The thrombi
in COVID-19 patients were comprised of fibrin13,14,48 and/or
platelets45,48 and mostly involved small peripheral vessels like
capillaries or arterioles, with some cases showing thrombi that
also affected medium-sized vessels (Fig. 6) and the pulmonary
artery. In the study by Carsana et al,45 both lungs from
COVID-19 patients showed thrombi occupying >25% of the
lung parenchyma associated with elevated D-dimer levels in
>50% of patients.

FIGURE 4. Lung tissue showing diffuse hyaline membrane
formation and capillary congestion in early acute DAD from a
patient infected with SARS-CoV-1 (hematoxylin and eosin).
Note the similarity to Fig. 3. Image courtesy of Jeffrey L. Myers
from the University of Michigan, Ann Arbor, MI.

FIGURE 5. Marked alveolar hemorrhage associated with COVID-
19. Blood and fibrin expanded alveolar spaces are shown con-
sistent with alveolar hemorrhage (hematoxylin and eosin).
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Multinucleated giant cells (Fig. 7) were common in
both COVID-19 (n= 49) and SARS-CoV-1 (n= 44) cases.
These giant cells were shown to be CD68+ macrophages or
thyroid transcription factor 1+ pneumocytes in COVID-
19,11 as opposed to mostly CD68+ macrophages in SARS-
CoV-1.26 Viral-induced cytopathic effect (Fig. 8) was noted in
several COVID-19 (n=30) and some SARS-CoV-1 (n=5)
autopsies. The viral cytopathic effect described in these papers
included reactive appearing type II pneumocytes with
cytomegaly, nuclear enlargement, prominent nucleoli, and
candidate intranuclear or intracytoplasmic viral inclusions.
However, although SARS-CoV-2 viral particles have been
isolated in both type I and II pneumocytes in several
comprehensive studies to date,73 the giant cells and those
pneumocytes with possible viral cytopathic effect have yet to
be further studied in detail.

Several studies have demonstrated direct invasion
of respiratory epithelial cells by coronavirus using a
variety of ancillary techniques including reverse
transcriptase–polymerase chain reaction (PCR), trans-
mission electron microscopy (TEM), immunofluorescence,

in situ hybridization, and immunohistochemistry (IHC)
directed against the nucleocapsid protein and spike pro-
tein. In patients with COVID-19, TEM detected the virus in
type II pneumocytes more often than in type I pneumocytes,
bronchial epithelial cells, and endothelial cells.11,40,45 Involve-
ment of type II pneumocytes by SARS-CoV-2 was more
common than type I pneumocytes, as opposed to SARS-CoV-
1 that affected more type I pneumocytes.11,28–30,40,45 Schaefer
et al74 in their series of 7 autopsies reported that SARS-CoV-2
infection of epithelial cells in the lungs and airways was best
detected during the acute phase of lung injury and was
absent in the organizing phase of DAD. For SARS-CoV-2,
RNAscope® probes complementary to the viral spike (S) and
the spike sense strand messenger RNAs permit direct visual-
ization of viral transcripts in routine formalin-fixed paraffin-
embedded tissue. Detection of the spike protein (S) indicates
the presence of SARS-CoV-2 within the cells while detection
of the anti-sense strand shows the presence of active viral
replication in the infected cells.75 For both probes, cytoplasmic
dot-like hybridization signals (Fig. 9) confirm the presence of
nondegraded RNA that increase in numbers proportional to

FIGURE 6. Early organizing thrombi are shown in small (A), medium (B), and large (C) vessels in the lung parenchyma of COVID-
19 lungs (hematoxylin and eosin).

FIGURE 7. Multinucleated giant cells (arrow) as shown in this
image can be detected scattered in alveolar spaces throughout
COVID-19 lungs (hematoxylin and eosin).

FIGURE 8. Possible COVID-19 viral cytopathic effect (arrow)
within pneumocytes exhibiting enlarged, pink, and smudgy
nuclei (hematoxylin and eosin). This finding may be seen in
DAD of other causes.
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the viral load in the cells, ranging in size variability from fine
dots to a coalescent of such signals forming larger globules.
Ultrastructural studies with MERS similarly localized viral
particles within pneumocytes.76 Ackermann et al53 also
detected a greater number of ACE-2 receptors in alveolar
pneumocytes, lymphocytes and endothelial cells of COVID-19
patients compared with other viruses.

Cardiac Pathology Findings
Gross pathology findings of the heart in patients who

died of COVID-19 included cardiomegaly with ventricular
hypertrophy, correlating with a clinical history of hyper-
tension. The main postmortem histopathologic findings in the

heart from available studies are summarized in Table 6 and
Supplemental Digital Content Tables 6 and 7 (http://links.lww.
com/PAS/B87, http://links.lww.com/PAS/B88). There was not
a statistically significant relationship between COVID-19 and
SARS-CoV-1 for microscopic heart findings. Nonspecific de-
generative changes were noted in some COVID-19
studies.11,14,51 Myocyte necrosis in COVID-19 was present
only as individual cell necrosis,11,14,50 focally involving both
ventricles similar to SARS-CoV-1.27 Inflammatory cells in
COVID-19 were comprised of lymphocytes (CD4+>
CD8+),55 focally involving the interstitium and epicardial
surface. In COVID-19 there were also cases reported with
lymphocytic40 (Fig. 10) and eosinophilic myocarditis.50 For

FIGURE 9. In situ hybridization for messenger RNA encoding the SARS-CoV-2 spike protein (S) is visualized as dark brown signals
located in the cytoplasm of infected cells (arrows), low power at ×400 (A) and high power at ×1000 (B, C) with some signals
showing coalescence into globules (C). The antisense messenger RNA strand of the spike protein is shown (arrows) indicative of
active viral replication, low power at ×400 (D).

TABLE 6. Summary of Microscopic Heart Pathology Findings
COVID-19 SARS-CoV-1

Histopathology Total n (%) Total n (%) Higher Proportion χ2 P

Inflammatory cells 99 24 (24.2) 8 0 (0.0) COVID 2.500 0.114
Myocyte necrosis 87 7 (8.0) 8 2 (25.0) SARS 2.455 0.117
Acute myocardial infarction 99 3 (3.0) 8 1 (12.5) SARS 1.845 0.174
Lymphocytic myocarditis 99 3 (3.0) 8 0 (0.0) COVID 0.249 0.617
Eosinophilic myocarditis 99 1 (1.0) 8 0 (0.0) COVID 0.082 0.775
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SARS-CoV-1 cases, no significant inflammation was noted.
Thrombosis of small vessels was noted in some COVID-19
cases (n=5)51,55 and infrequently with SARS-CoV-1 cases
(n=2).27 Hemophagocytosis was reported in the heart by
Bryce et al.55 Both coronaviruses were detected within
myocytes and the interstitium by PCR.12,27,40,46

Genitourinary System Pathology Findings
Renal microscopic findings in both viral groups are

summarized in Table 7 and Supplemental Digital Content
Tables 6 and 7 (http://links.lww.com/PAS/B87, http://
links.lww.com/PAS/B88). There was not a statistically
significant relationship between COVID-19 and SARS-
CoV-1 with respect to renal findings. The main histo-
pathologic findings were acute tubular damage (Fig. 11)

and focal to diffuse microthrombi in both groups.
Hypertensive and diabetic changes were noted in a few
studies that correlated with clinical morbidity.40,48,57 In the
COVID-19 group, additional postmortem findings reported
included the presence of interstitial inflammatory cells
comprised of lymphocytes and macrophages58 and vascular
injury such as endotheliitis.57 Other incidental findings
included amyloidosis (n=1) and an angiomyolipoma (n=1).
A plurality of ancillary tests (TEM, IHC, immunofluore-
scence, in situ hybridization) have detected SARS-CoV-2 viral
particles within proximal renal tubules more so than distal
tubular epithelial cells40,48,49,57 or podocytes48,49 (Fig. 12),
whereas the SARS-CoV-1 virus mostly involved the distal
tubular epithelium.29 Associated findings with COVID-19
autopsies were complement deposition58 and activation of
thrombotic pathways with DIC.48 Other genitourinary system
findings reported in COVID-19 patients included an incidental
renal oncocytoma, prostate vein thrombosis,46 benign pro-
static hyperplasia, damage to the testicular parenchyma,77 and
testicular atrophy.43,46

Brain Pathology Findings
Examination of the brain in COVID-19 patients

showed focal punctate subarachnoid hemorrhages, punctate
brain stem hemorrhage, and focal hypoxic changes without
significant inflammation or necrosis (Supplemental Digital
Content Table 8, http://links.lww.com/PAS/B89). A study by
Bryce et al55 showed thrombi in small vessels with associated
microhemorrhages and acute infarction (Fig. 13). In 1 case,
there was a large cerebral artery infarct.55 The majority of
cases exhibited minimal inflammation, only slight neuronal
loss, no myelin loss using Luxol fast blue, no microglial
nodules, and no viral inclusions. The study by Gu et al29 on
SARS-CoV-1 reported the presence of focal hypoxic
changes. SARS-CoV-2 was detected in brain tissue by
reverse transcriptase-PCR.46 Menter et al48 also detected
slightly higher levels of this virus within the olfactory bulb
compared with the brainstem.

Hematopoietic System Pathology Findings
The bone marrow showed varying degrees of de-

creased trilineage hematopoiesis and in some cases of
COVID-19, there was left-shifted myelopoiesis11,48 (Sup-
plemental Digital Content Table 8, http://links.lww.com/
PAS/B89). In addition, increased megakaryocytes were
reported in association with SARS-CoV-1.30 In COVID-
19 patients there was lymphoid depletion of lymph nodes,
increased plasmablasts in lymph nodes, and white pulp
depletion of the spleen.11,40,55,59 One study reported

FIGURE 10. Section of the heart from a patient that died with
COVID-19 with lymphocytic myocarditis showing a diffuse
lymphocytic infiltrate (hematoxylin and eosin). This patient
also had methicillin-sensitive Staphylococcus aureus and influ-
enza A infections. Low-level SARS-CoV-2 RNA was detected
within the myocardium.

TABLE 7. Summary of Microscopic Kidney Pathology Findings
COVID-19 SARS-CoV-1

Histopathology Total n (%) Total n (%) Higher Proportion χ2 P

Acute tubular damage 121 62 (51.2) 8 6 (75.0) SARS 1.700 0.192
Fibrin thrombi 109 7 (6.4) 8 2 (25.0) SARS 3.623 0.057
Inflammatory cells 83 6 (7.2) 8 0 (0.0) COVID 0.619 0.431
Endotheliitis 109 3 (2.8) 8 0 (0.0) COVID 0.226 0.635
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increased immunoblast-like cells in lymph nodes.78 IHC
identified specific depletion of CD3+, CD4+, and CD8+

lymphocytes in COVID-19.59 All SARS-CoV-1 patients in
which the spleen was examined also showed white pulp
depletion,27–29 a finding that was statistically significantly
higher than in COVID-19 patients (χ2=45.377, P<0.001).
Necrosis of the spleen was more frequent with SARS-CoV-1
(χ2=7.511, P=0.006), whereas inflammation was more
commonly encountered in COVID-19 (χ2=5.195, P=0.023)
(Table 8). Bryce et al55 reported hemophagocytosis in the bone
marrow, lymph node and spleen (Fig. 14). Increased CD68+

activated large macrophages were reported in SARS-CoV-1
patients.29 Thrombi were not documented in any of the
spleens examined.

Hepatic Pathology Findings
In both groups of patients studied (Supplemental Digital

Content Tables 6, 7, http://links.lww.com/PAS/B87, http://
links.lww.com/PAS/B88), the liver showed focal hepatocyte
degeneration and necrosis, a mild portal and periportal lym-
phocytic infiltrate, rare lobular lymphocytic infiltrate, steatosis,
and lymphocytic endotheliitis. A significantly higher pro-
portion of SARS-CoV-1 patients had hepatocyte necrosis27,37

and/or portal inflammation in their liver (χ2=19.221,
P<0.001; χ2=10.501, P=0.001, respectively) (Table 9). A
higher proportion of COVID-19 patients had thrombi and/or
lobular inflammation, but there was not a statistically
significant difference. Also, hemophagocytosis was noted by
Bryce et al55 in their series of patients with COVID-19.

FIGURE 11. Renal tubular injury. A, Section of a kidney from a deceased patient with COVID-19 showing acute tubular damage
with coagulative necrosis of tubules and focal shedding of epithelial cells into the lumen. The interstitium shows edema and a few
infiltrating mononuclear inflammatory cells (hematoxylin and eosin). B, Renal tubular injury with vacuolization, mitotic
figure (green arrow), and focal interstitial inflammation (hematoxylin and eosin).

FIGURE 12. TEM of SARS-CoV-2 in Vero cells (African green monkey kidney epithelial cells). A, Multiple viral particles along the cell
surface are shown displaying a distinct electron-dense surface with radiating peplomeric projections (bar: 0.25 µm). B, Ultra-
structural details on a replicating vesicle. Note that the virions are spherical with some pleomorphism and measuring ∼80 to 110
nm in diameter. The surface is covered by an array of projections (peplomers) with the presence of multiple internal electron-dense
dots that correspond to cross-sections of the nucleocapsid (bar: 0.2 µm).
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Gastrointestinal Tract Pathology Findings
In a few COVID-19 cases the gastrointestinal tract

showed mesenteric ischemia.44 The stomach and intestines
in patients with COVID-19 showed epithelial degeneration,
necrosis, shedding, congestion, as well as mild lymphocyte and
plasma cell infiltration.11 There was focal gastric hemorrh-
age40 and in 2 COVID-19 cases small vessel endotheliitis of
the small intestine was identified44 (Supplemental Digital
Content Table 8, http://links.lww.com/PAS/B89). The pan-
creas was uninvolved in most cases. With SARS-CoV-1, pa-
tients showed atrophy of their mucosal lymphoid tissue (ie,
decreased lymphocytes, depletion of follicles, and a burnt-out
appearance of germinal centers) mostly in the pharynx, small
intestine, and appendix.30 Hyaline thrombi in small blood

vessels of the small and large intestines and an associated
pseudomembrane with necrotic mucosa was noted in 1
COVID-19 patient.46

Endocrine Organ Pathology Findings
In COVID-19 patients, the thyroid gland showed an

incidental goiter in 1 patient43 and the adrenal glands were
reported to exhibit nodules in another.46 In SARS-CoV-1
patients, Wei and colleagues studied the thyroid gland in
detail and reported the destruction of follicular epithelial
cells with their exfoliation into the follicle (Supplemental
Digital Content Table 8, http://links.lww.com/PAS/B89).
The presence of apoptosis was confirmed by a Terminal
deoxynucleotidyl transferase dUTP Nick End Labeling

FIGURE 13. Neuropathology findings. A, Coronal section of the right cerebral hemisphere in a patient that died of COVID-19
showing acute infarcts (arrows) and thrombosed vessels (arrowhead). B, A brain-blood vessel with a thrombus (arrowhead) is
shown occluding the entire lumen. Note the perivascular mononuclear inflammatory cells and towards the bottom of the image
(arrow) necrotic cortical brain parenchyma (hematoxylin and eosin). C, Higher magnification showing the organized thrombus
within the blood vessel (hematoxylin and eosin). D, Brainstem with acute microhemorrhage (hematoxylin and eosin).

TABLE 8. Summary of Microscopic Pathology Findings in the Spleen
COVID-19 SARS-CoV-1

Histopathology Total n (%) Total n (%) Higher Proportion χ2 P

White pulp depletion 81 18 (22.2) 23 23 (100.0) SARS 45.377 < 0.001
Inflammation 78 15 (19.2) 23 0 (0.0) COVID 5.195 0.023
Necrosis 81 5 (6.2) 23 6 (26.1) SARS 7.511 0.006
Thrombi 78 0 (0.0) 23 0 (0.0) — — —
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(TUNEL) DNA fragmentation assay.38 No lymphocytic
or neutrophilic infiltrate was reported. Also, no increased
parafollicular cells were seen.

Musculoskeletal System Pathology Findings
Skeletal muscle involvement in SARS-CoV-1 was

reported by Leung et al39 with notable findings including
myofiber necrosis, macrophage infiltration, and scant re-
generative fibers. COVID-19 studies did report on
musculoskeletal findings (Supplemental Digital Content
Table 8, http://links.lww.com/PAS/B89).

DISCUSSION
COVID-19 caused by infection with SARS-CoV-2

can have variable clinical presentations ranging from a
mild asymptomatic respiratory illness to fulminant
ARDS, multiorgan failure, and death in a subset of pa-
tients. Given the pressing need to characterize the under-
lying pathology associated with COVID-19 many
pathologists spanning the globe bravely began performing
autopsies and reporting their postmortem findings in these
deceased patients. This article, to the best of our knowl-
edge, represents one of the largest systematic reviews and
meta-analysis of postmortem findings that have been re-
ported associated with SARS-CoV-2. This review also
uniquely compares the pathology of COVID-19 to pre-
viously published findings in SARS-CoV-1 associated
deaths. There are several limitations of this study. Given
the rapid pace at which the literature is expanding on this
topic we may not have captured every article published on
the topic, which includes newer articles. Some of the ar-
ticles included were preprint papers without peer review.
Also, as we relied on the data documented in these papers
it was not always possible to extract all of the clinical,

laboratory and pathology details desired, nor the cause of
death or clinical correlation in all cases. In addition, the
overall number of published COVID-19 cases was higher
than that for SARS-CoV-1, which may have affected
comparisons.

Unlike SARS-CoV-1 where prior autopsy pub-
lications arose largely from China, with COVID-19 such
articles spanned the globe, which probably reflects the
widespread pandemic and high case fatality rate in many
countries. Our analysis corroborates what has been re-
ported in antemortem studies and large autopsy series,79

which is that mortality due to COVID-19 occurs mostly in
infected patients who are elderly (median= 70.0 y), males,
and those with an underlying comorbid disease such as
hypertension, diabetes, and/or obesity. This is significantly
different from patients who succumbed to SARS-CoV-1,
as those patients were slightly younger and without such
reported comorbidities. Of note, entirely reporting co-
morbid disease was more prevalent in COVID-19 articles.

The most prominent pathologic manifestation of
COVID-19 was the pulmonary findings, which was likely the
most common cause of symptoms and death in afflicted
patients.14,80–88 This review shows that the majority of patients
who died from COVID-19 had bilateral DAD, similar to
SARS-CoV-1 and MERS. The histopathologic findings of
DAD from COVID-19 appear to be indistinguishable from
other causes of DAD.89 The acute/exudative phase of DAD is
characterized by inflammatory cell-mediated alveolar damage
with alveolar edema and/or hemorrhage, capillary congestion,
and hyaline membranes with or without microvascular
thrombi. The proliferative/organizing phase of DAD shows
type II pneumocyte hyperplasia, reactive pneumocytes, al-
veolar wall thickening, and myofibroblast proliferation,
whereas the chronic/fibrotic phase shows honeycomb lung

FIGURE 14. Hemophagocytic histiocytes (arrows) in COVID-19 autopsies from the bone marrow (A), subcapsular sinus of a lymph
node (B), and spleen (C) (hematoxylin and eosin).

TABLE 9. Summary of Microscopic Liver Pathology Findings
COVID-19 SARS-CoV-1

Histopathology Total n (%) Total n (%) Higher Proportion χ2 P

Hepatocyte necrosis 85 16 (18.6) 15 11 (73.3) SARS 19.221 < 0.001
Portal inflammation 82 13 (15.9) 15 8 (53.3) SARS 10.501 0.001
Thrombi 82 15 (18.3) 15 0 (0.0) COVID 3.246 0.072
Lobular inflammation 82 3 (3.7) 15 0 (0.0) COVID 0.566 0.452
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with collagenous fibrosis of alveolar spaces and an interstitium
with thickening of the alveolar wall along with squamous
metaplasia of alveoli. Of the typical phases of DAD (acute/
exudative and proliferative/organizing), these autopsy studies
revealed that COVID-19 patients mostly showed lungs with
an exudative phase compared with SARS-CoV-1 patients,
indicating more early severe involvement of the lungs in
COVID-19 patients and earlier death. Indeed, this finding
corresponds to the average number of days from disease onset
to death, which was up to 61 days for COVID-19 compared
with 108 days for SARS-CoV-1 patients. More recently, fi-
brosing DAD has been reported in patients with a longer
duration of COVID-19 illness and hospitalization.90 However,
Polak et al91 showed that patients can also present with >1
pattern, either simultaneously or consecutively. The diagnosis
of AFOP was mentioned in some articles as a prominent
pattern of lung injury in COVID-19 patients. AFOP can be
seen in all forms of acute lung injury (DAD and acute
pneumonia). Therefore, in autopsy articles biased by core bi-
opsies only, the predominance of AFOP may be explained by
the limited sampling. In COVID-19, pulmonary interstitial
inflammation was surprisingly subtle which differs from other
viral infections where interstitial pneumonitis is typically a
prominent feature.92

Two notable postmortem findings reported in the
lungs of COVID-19 patients, typically not encountered in
association with DAD, include marked pulmonary
hemorrhage and scattered multinucleated giant cells. Fatal
hemorrhagic pneumonia has previously rarely been re-
ported in association with other viral infections.93,94 While
the etiology of pulmonary hemorrhage is unclear, studies
have suggested that in severe cases of COVID-associated
pneumonia there may be microvascular injury mediated
by activation of complement pathways.41 Also, the pos-
sibility of therapy-induced hemorrhage, especially due to
high ventilation pressures in cases early in the pandemic,
may have caused some of the hemorrhages if there is in-
creased endothelial fragility in the setting of complement
activation. The reason for multinucleated giant cell for-
mation with COVID-19 is also unclear. However, similar
syncytial giant cells have been reported in the lungs with
other viral infections and may represent a cellular reaction
to a marked proinflammation, cytokine-rich milieu.95

The pathologic findings detected in other organs may
help explain some of the extrapulmonary manifestations of
COVID-19.96–99 Ancillary tests have detected coronavirus
within most nonpulmonary organs including the heart, kid-
ney, brain, gastrointestinal tract, liver, spleen, bone marrow,
lymph nodes, and blood vessels and when present above
typical levels of viremia, raise the possibility of direct viral
infection of tissues.12,40,44,48,49,53,55,57,59,65 SARS-CoV-2 was
also isolated from the middle ear and mastoid in 2 autopsy
cases,100 and was detected in the retina in 3 of 14 eyes from
deceased COVID-19 patients.101 The heart appears to be an
important target organ of SARS-CoV-2 because in some fatal
infections postmortem examination revealed individual my-
ocyte necrosis, myocarditis and increased interstitial
macrophages.102 Clinically, patients with COVID-19 have
been reported to have electrocardiogram abnormalities, in-

creased troponins, and even more sinister cardiac-related
events such as cardiogenic shock.103,104 These findings raise
suspicion for targeting of the heart by SARS-CoV-2. Most
pathology studies have revealed nonspecific individual my-
ocyte necrosis, a finding common in critically ill patients,
particularly those with shock. Whereas cases of COVID-19
were identified with myocarditis and patchy mononuclear
infiltrates,55 significant inflammation in the heart was not a
finding reported with SARS-CoV-1 infection.105 Interestingly,
Farina et al106 suggested that the heart may be a source of
latent or persistent infection.

The main histopathologic finding in the kidneys
from patients with COVID-19 was acute tubular damage.
Such acute tubular injury can lead to acute renal failure and
contribute to rapid clinical deterioration and mortality.107

Neurological manifestations of COVID-19 (eg, headache,
anosmia, or stroke among others) also appear to be common.
While most postmortem central nervous system examinations
have revealed limited pathology, a subset of studies showed
pathology that included thrombi, acute infarction, punctate
hemorrhage, and hypoxia/ischemia related changes.108,109

Such observations suggest the role of endothelial dysfunction
and thrombosis in neurological manifestations of COVID-19.
Thus far, no postmortem reports of direct infectious compli-
cations such as meningitis/encephalitis have been identified at
autopsy. In addition to direct infection, parainfectious com-
plications in the setting of immune dysregulation remain a
possibility as highlighted by the case report by Reichard
et al110 that showed vascular and acute disseminated
encephalomyelitis–like pathology. The presence of high levels
of coronavirus within the olfactory bulb supports viral entry
into the brain via the lamina cribrosa, which may also explain
the clinical findings of smell dysfunction in COVID-19
patients.48 The hematological system was also affected in
COVID-19. Peripheral blood lymphopenia was a common
clinical feature of COVID-19, which corresponds to lymphoid
depletion observed in the lymph nodes and white pulp de-
pletion of the spleen. COVID-19 also causes gastrointestinal
symptoms such as diarrhea and abdominal pain. Identification
of SARS-CoV-2 RNA within the gastrointestinal tract as well
as evidence of viral shedding in stool, suggest direct gut in-
fection with epithelial injury as a source of symptoms. Ische-
mic changes were also identified, which could further explain
gastrointestinal symptoms associated with COVID-19, al-
though this is likely to occur later and in those with com-
promised perfusion.

Thrombosis was a common finding in almost all organs
examined in COVID-19 patients. In the lungs, thrombi were
described within all sized blood vessels ranging from capil-
laries to the pulmonary artery, and in one series they were
identified bilaterally in over 25% of the pulmonary
parenchyma.45 Using 3-dimensional imaging technology Li
et al42 demonstrated that the extent of thrombi within small
vessels associated with COVID-19 is massive and greater than
anticipated. Microthrombi were also reported in the lungs
from patients who died of SARS-CoV-1. On the basis of ul-
trastructural studies, alveolar-capillary microthrombi were
reported to be 9 times more prevalent in patients with COV-
ID-19 than in patients with influenza.53 Pulmonary micro-

Am J Surg Pathol � Volume 45, Number 5, May 2021 SARS-CoV-2 Autopsy Review and Meta-analysis

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved. www.ajsp.com | 599

Copyright r 2021 Wolters Kluwer Health, Inc. All rights reserved.



thrombi are known constituents of DAD encountered even in
non-COVID conditions.111,112 Thus, it is difficult to know if
pulmonary thrombi are indicative of DAD with or without
additional physiological derangements of critical illness in-
cluding complement and/or DIC. In the brains of some
COVID-19 patients thrombi were associated with hemorrhage
and acute infarction. Small thrombi associated with COVID-
19 have also been reported, albeit infrequently, in the
dermis.113 Some authors also report the presence of neu-
trophilic plugs trapped in various organs.114 Widespread
thrombotic disease clearly plays an important role in mor-
bidity and more than likely accentuates mortality in these in-
fected patients. The etiology of thrombus formation in infected
individuals is likely multifactorial with proposed mechanisms
including microvascular dysfunction, hyperimmune response
or dysregulation, complement system dysregulation, and al-
tered coagulability including DIC, all which may be further
exacerbated by preexisting conditions.23–25,115–118 Another
pathologic finding identified in several organs was vascular
injury. Vascular injury, specifically endotheliitis, was recorded
in both the COVID-19 and SARS-CoV-1 groups. In COVID-
19 cases this included lymphocytic inflammation, cytoplasmic
vacuolization, endothelial detachment, and microscopic de-
struction of the blood vessel wall.53 Vasculopathy is likely
ascribed to a combination of direct viral injury, inflammation
and/or complement-mediated vascular injury.41,58 Adrenal
insufficiency secondary to vasculopathy has been proposed as
an important contributing factor to the cytokine storm ob-
served in patients with severe COVID-19.119

Additional systemic findings noted in the COVID-19
group include features suggestive of direct viral cellular injury
(eg, candidate viral cytopathic effect and multinucleated giant
cell formation), as well as indirect viral-induced pathology (eg,
hemophagocytosis and megakaryocyte recruitment). The
viral-type cytopathic effect identified within scattered pneu-
mocytes was much more common in COVID-19 than SARS-
CoV-1 autopsies. Interestingly, this cytologic finding was not
as well recognized in other organs. This may be related to the
fact that a greater number of ACE-2 receptors, the cellular
receptor of SARS-CoV-2, have been reported on pneumocytes
and endothelial cells.53,120 Some authors also report findings
similar to smudge cells reminiscent of adenovirus-related
pneumonitis.121 A review article by Walsh and colleagues
highlights the timeline of viral load in the COVID-19 disease
course. Viral load of SARS-CoV-2 from upper respiratory
tract samples peaks around symptom onset or a few days
thereafter, and then becomes undetectable about 2 weeks later,
corresponding to the organizing phase of COVID-19 related
pneumonia.74,122 Viral loads from sputum samples may con-
tain higher levels of virus, peak later and persist for longer.
This timeline may be valuable for the management/monitor-
ing of COVID-19 pneumonia. Prilutskiv et al123 report that in
their small series of 4 autopsies lymphophagocytosis appears
to be the predominant form of SARS-CoV-2 infection-asso-
ciated hemophagocytosis observed. The reason for having an
increased number of activated megakaryocytes in alveolar
capillaries is unclear, but this phenomenon is believed to lead
to increased platelet release with subsequent thrombotic
pathway activation.43,124,125

In summary, this systematic review and meta-anal-
ysis reveal that overall autopsy findings are similar in both
COVID-19 and SARS-CoV-1 groups. Although the lungs
had the most pronounced pathologic findings, ex-
trapulmonary disease was also identified but more varia-
ble. Similarities between COVID-19 and SARS-CoV-1
were that the deceased were mostly adults who developed
DAD. However, death due to COVID-19 tends to affect
more elderly men with preexisting comorbidities.126 No-
table pathologic findings associated with DAD, especially in
COVID-19, include pulmonary hemorrhage, multinucleated
giant cells, and viral cytopathic effect of pneumocytes. While
most of the extrapulmonary histopathologic findings among
both groups were not statistically significant, with COVID-19
there was more extensive thrombotic disease and multifocal
endotheliitis. Tissue inflammation was surprisingly under-
whelming in most of the organs examined. Further autopsies
are needed including correlation with clinical finings to better
elucidate the pathogenesis of SARS-CoV-2 infection and help
contribute to the clinical management of infected patients.
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