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Abstract: In response to the current outbreak of Coronavirus
Disease-2019 (COVID-19), a fast body of literature emerged
providing insights into the clinical and radiologic aspects of the
novel disease, while the pathologic manifestations on tissue are
yet to be sufficiently characterized mainly due to paucity of
autopsy and biopsy of these cases. It is essential for both the
clinicians and pathologists to maintain up-to-date knowledge of
this continuously evolving topic in the midst of the current
pandemic. Besides, understanding the impact of any disease in
tissue pathology is crucial for better analysis of the pathogenesis
and speculation of potential therapeutic targets. This review
aimed to highlight the potential implication of COVID-19 in the
pathology of various organ systems. We discuss the pathologic
findings of the lungs, gastrointestinal tract, liver, brain, kidneys,
heart, and the reproductive and immune systems that are asso-
ciated with COVID-19. It seems that the respiratory, immune,
and the digestive systems are the major targets of the disease.
Mild mononuclear inflammatory cell infiltration is the most fre-
quent histologic finding in general. Besides organ-specific
changes, microthrombi, especially noticed in lungs, kidneys, and
prostates, are the most significant observation microscopically. In
addition, the possible mechanisms of organ injury were also
reviewed.
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C oronavirus Disease-2019 (COVID-19) is an emerging
infectious disease that originated in Wuhan, China, in

late 2019 and spanned the globe over the last 6 months. On
March 11, 2020, the World Health Organization (WHO)
declared COVID-19 a global pandemic threatening the global
health security.1 As of June 8, 2020, there are > 6.9 million
confirmed cases and around 400,000 attributed deaths
reported around the world.2 The ongoing outbreak paralyzed
life with severe impact on public health and the world econ-
omy. Despite the fast growing body of literature that provides
insights into the clinical and radiologic aspects of COVID-19,
the pathologic manifestations of this novel disease on tissue is
yet to be sufficiently characterized, mainly due to the quickly
evolving emergency situation, and paucity of autopsy and

biopsy of these cases. It is essential for both the clinicians and
pathologists to maintain up-to-date knowledge of this con-
tinuously evolving topic in the midst of the current pandemic.
Besides, understanding the impact of any disease in tissue
pathology is crucial for better analysis of the pathogenesis and
speculation of potential therapeutic targets. Although the
main clinical manifestations of COVID-19 are dominated by
symptoms related to lung injury and the respiratory tract is
the gateway of viral entry, there is growing evidence that
multiorgan dysfunction is related to most mortalities. In this
review, we aim to highlight the potential implication of
COVID-19 in the pathology of various organ systems, and
provide an insight on the possible mechanisms.

METHODS
PubMed and Google Scholar databases were searched

from December 2019 to May 2020. The following search terms
were used in different combinations: COVID-19, SARS-CoV-
2, 2019-nCoV, respiratory, system, lung, cardiovascular, heart,
central nervous, brain, digestive, gastrointestinal tract, liver,
hepatic, kidney, renal, placenta, ovary, testes, pregnancy,
immune, biopsy, and autopsy. Printed and preprinted articles
written in English were included. Articles written in Chinese
without English translation were excluded.

The Novel COVID-19 Virus
Severe acute respiratory syndrome coronavirus 2

“SARS-CoV-2” is the official name given to the virus
causing COVID-19 by the Coronavirus Study Group of the
International Committee on Taxonomy of Viruses and
announced by WHO in February 11, 2020, after it was
initially known as 2019 novel coronavirus “2019-nCoV,” for
its high (∼80%) nucleotide sequence similarity with SARS-
CoV.3 It belongs to the genus of Betacoronavirus that also
includes the closely related SARS-CoV and Middle East
respiratory syndrome coronavirus (MERS-CoV), which
caused outbreaks in 2002 and 2012, respectively. SARS-
CoV-2 has lower severity and mortality but higher trans-
missibility than its predecessors.4 It is an enveloped, non-
segmented, positive-sense, single-stranded large RNA virus.
The name corona was given on the basis of the characteristic
crown-like appearance of the family of Coronaviridae.5

Pathogenesis
The virus crown seen on electron microscopy is composed

of protruding proteins called spike protein (S), which is crucial to
viral entry into the human cells. It binds to its corresponding
functional receptor in the host cells—the angiotensin-converting
enzyme 2 (ACE2), which is abundantly expressed on a certain
subset of cells mainly distributed in the lungs, along with
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cardiovascular, renal, gastrointestinal, and immune systems.6

Zhou et al,3 who discovered this phenomenon by using the HeLa
cell model, also observed that the SARS-CoV-2 did not infect
cells without ACE2 expression. It was shown that the ACE2
binding affinity of the SARS-CoV-2 spike protein ectodomain
was 10- to 20-fold higher than that of the SARS-CoV spike
protein,7 which might explain the high transmissibility of
COVID-19.

Review of Pathology on Organ Systems

Respiratory System
The lung is the most common site of infection apart from

the upper airways. The infiltration appears radiologically early
in the course of the disease as bilateral ground glass opacities
more prominent in the lower lobes. The pathologic findings are
not much different from any viral respiratory disease. Similar to
severe acute respiratory syndrome, the more saturated ACE2
receptors by binding to the virus result in an increased avail-
ability of unconverted angiotensin II, which explains the
pulmonary symptoms that are characteristic of COVID-19.8

Diffuse alveolar damage is the most common histologic cor-
relate of the clinical presentation of acute respiratory distress
syndrome. In a study of a group of 1099 inpatients positive for
COVID-19, about 15% developed acute respiratory distress
syndrome.9 It is characterized by intra-alveolar edema accom-
panied with fibrin deposition and formation of hyaline mem-
brane lining the alveoli in the acute phase. Proliferation of
pneumocytes type 2 and deposition of granulation tissue and
fibrosis are seen in a later stage. Besides the endothelial cells,
SARS-CoV-2 antigen is mostly detectable in pneumocytes, and
less commonly in macrophages and bronchial epithelial cells.10

Mild pleurisy with alternating pale and congested zones was a
common postmortem finding in a study of 19 cases.11 Pleural
effusion and prominence of pulmonary vessels can also be seen,
while mediastinal lymphadenopathy is not a common feature.12

Barton and colleagues performed an autopsy of 2 confirmed
COVID-19 cases, the lungs of both failed to show viral inclu-
sions, mucus plugging, or eosinophils. Neutrophils were
restricted to the foci involved by secondary bacterial pneumo-
nia. Mononuclear inflammatory cells were also sparse, and
mainly composed of a few macrophages, rare B lymphocytes,

and CD8-positive T cells slightly outnumbering CD4
lymphocytes.13 In contrast, the inflammatory infiltrate, as
described by 2 different groups, is mainly dominated by CD4
lymphocytes, which might be in charge of the cytokine
storm.14,15 Intracytoplasmic viral-like inclusions were found by
Zeng et al14 in a lobectomy specimen of an early COVID-19
case and described as light red globules of about half the size of
an erythrocyte and surrounded by a clear halo. This correlates
with the electron microscopic description by Zhu et al16 that
viral particles are seen in membrane-bound intracytoplasmic
vesicles. Tian et al17 had the chance to examine 2 cases of
lobectomies positive for coincidental COVID-19 with adeno-
carcinoma. Histologic examination in both cases revealed
vascular congestion, evident alveolar damage, edema, and
proteinaceous exudate, with inspissated spherical globules.
Furthermore, fibrin clusters, focal fibroblast plugs with multi-
nucleated giant cells, were noted within the airspaces. The
inflammatory infiltration was mild and patchy and mainly
composed of mononuclear cells devoid of neutrophils. Inter-
stitial thickening, and pneumocyte hyperplasia, with what looks
like viral inclusions, were also seen. A Swiss group performed a
large study of autopsies of 21 COVID-19 patients.18 In all
cases, the primary cause of death was respiratory failure
reflected as exudative diffuse alveolar damage seen micro-
scopically with extensive capillary congestion (capillarostasis)
accompanied by microthrombosis despite anticoagulation.
Superimposed bronchopneumonia was seen in almost half of
the cases. Other findings include vasculitis, alveolar hemor-
rhage, syncytial cells of pneumocytic origin (positive for thyroid
transcription factor-1), and pulmonary embolism. Paucity of
interstitial inflammatory cells was noticed in most lungs. Elec-
tron microscopy was performed in 2 cases in this study.
Unfortunately, it was not diagnostic for subcellular structures
due to autolysis, but fibrin precipitates were detected in alveolar
capillaries in both cases. Table 1 summarizes the most impor-
tant lung findings in various studies.

Cardiovascular System
Cardiovascular diseases and complications such as acute

cardiac injury and arrhythmia seem intricately linked with
COVID-19, especially the more severe form. Acute cardiac

TABLE 1. Summary of Lung Findings in Various Studies

Study Group

Tian
et al17

Zhang
et al10

Tian
et al19

Zeng
et al14

Barton
et al13

Xu
et al20

Menter
et al18

Yao
et al15

Wichmann
et al11

No. Cases

Histologic Change 2 − 4 1 2 1 21 3 12

Congestion + − + + + − + + +
Diffuse alveolar damage + + + − + + + + +
Pneumocyte change

(hyperplasia/syncytial)
+ + + + − + + + +

Microthrombi − + − − + − + + +
Superimposed

pneumonia
− − + − + − + _ +

Paucity of lymphoid cells + + + − + − + + −
Vasculitis − − + − − − + + −
Proteinaceous exudate + − − + − − − − +

+ indicates finding was described; −, finding was not described.
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injury, defined as significant elevation of cardiac troponins,
accounts for 8% to 12% of the cases, and it is the most com-
monly reported abnormality in the literature; it occurred in 5 of
the first 41 patients diagnosed with COVID-19 in Wuhan and
required intensive care unit admission in 4 patients.21 Worse
prognosis of COVID-19 is consistent whether the cardiac dis-
ease was preexisting or developed as a sequelae of the
infection.6 Delayed diagnosis is common as the classic clinical
symptoms of myocardial infarction can be overshadowed in the
context of COVID-19, which further relegate the outcome.22

Direct viral toxicity of the cardiomyocytes, ischemia due
to lung pathology coupled with the viral effect on micro-
vasculature as it infects the endothelia, along with the effect of
systemic inflammation seem to be possible mechanisms for the
cardiac injury. An increase in the highly sensitive cardiac tro-
ponin 1 was noted in 10% to 20% of COVID-19 patients.21 In
China, an estimate of 12% of who died of COVID-19 presented
significant heart damage without having a preexisting car-
diovascular disease.23 It remains elusive if the main pathway
was coronary syndrome or acute myocarditis, as it was the case
with the related coronavirus named Middle East respiratory
virus (MERS-CoV).24 Menter and colleagues found that
myocardial hypertrophy is a common finding in their cohort of
21 autopsy cases. They also found 1 case of acute myocardial
infarction, 3 cases of shock-related acute focal myocardial
necrosis, 6 cases with preexisting senile cardiac amyloidosis,
and 15 patients manifested severe generalized atherosclerosis.18

Tian and colleagues examined 2 postmortem cardiac core
biopsies. There were various degrees of edema, interstitial fib-
rosis, and myocardial hypertrophy, and focal changes in the
form of myocardial irregularity with darkened cytoplasm,
which might represent acute injury. Of note, both the endo-
cardia and myocardia did not show any inflammation.19

Whether the aforementioned reported findings reflect COVID-
19-related changes or preexisting morbidities is not indis-
putable. Myocarditis was also not evident in the 2 cardiac
autopsies carried out by Barton et al,13 who also reported acute
cardiac ischemia, besides atherosclerosis and hypertensive heart
disease. Contrariwise, a mild mononuclear interstitial inflam-
mation was reported in an autopsy as the solo cardiac change.20

Right ventricular lymphocytic myocarditis was also seen in 1 of
12 autopsies carried out by Wichmann et al.11 In all the studied
literature, typical viral cytopathic effect and inclusions were not
described in the cardiac tissue, and histologic evidence of acute
myocarditis is still lacking.

Central Nervous System
The brain tissue expresses ACE2 receptors detected

over both glial cells and neurons, which makes them a
potential target of COVID-19.7 The presence of the closely
related SARS-CoV in cerebrospinal fluid and brain tissue
autopsies of affected patients was confirmed with electron
microscopy, immunohistochemistry, and real-time reverse
transcription polymerase chain reaction (RT-PCR).25 Cer-
ebral involvement can be caused by the virus directly pass-
ing through peripheral nerves across the cribriform plate of
the ethmoid bone, or disseminating through the systemic
circulation into the cerebral microcirculation, as ACE2
receptors are also expressed in the capillary endothelium.

Mao et al26 has reported that neurological manifes-
tations were evident in 78 of 214 COVID-19 patients (36.4%),
which affirms the neurotropic potential in the SARS-CoV-2.
The neurotropism might also play role in respiratory failure.
Early in the beginning of the current pandemic, a case was
reported of a patient who had loss of involuntary control over

breathing.27 The most commonly reported neurological
symptoms in COVID-19 patients include headache, dizziness,
anosmia, and hypogeusia. Cases of encephalitis, delirium,
necrotizing hemorrhagic encephalopathy, stroke, seizures, and
Guillain-Barre syndrome were also described.28 In autopsy,
there were no gross abnormalities detected by Barton et al13

after examining 2 brains. Histologic analysis of 4 brain sam-
ples revealed no inflammatory infiltrate or neuronal necrosis.
Mild hypoxic injury was evident in 3 of the 4 examined brains,
probably shock-related.18 Besides, low levels of viral RNA
copy numbers were detected in brains by RT-quantitative
PCR despite the high levels detected in lungs for the same
patients. The value was, however, higher in the olfactory bulb
in comparison with the brain stem, supporting the hypothesis
of viral entry into the brain via the lamina cribrosa.18 We
think that the neurological manifestations of COVID-19 have
not yet been studied appropriately. Attempts to isolate SARS-
CoV-2 from cerebrospinal fluid, and autopsies of the COVID-
19 victims, would clarify the role played by this virus in
causing neurological manifestations.

Gastrointestinal Tract
The digestive system is frequently involved during the

course of COVID-19, and the related clinical manifestations
may precede the respiratory symptoms.29 It is estimated
that, in about 10% of cases, isolated gastrointestinal symp-
toms present in the initial phase of the disease, mainly in the
form of mild to moderate diarrhea and nauseas, before the
appearance of fever and the respiratory manifestations.30

Besides, the virus was demonstrated in the gastrointestinal
epithelial cells, and its RNA was detected in the stool of
infected patients.29–31 In fact, the viral RNA was detectable
in stools even after the negative conversion of molecular
tests from the pharyngeal swabs in about 20% of cases.29,30

It is reported that COVID-19 patients without digestive
symptoms were more likely to be cured and discharged (60%
vs. 34.3%), which might suggest that viral replication in the
gastrointestinal tract can aggravate the disease.32

The entry receptor on the host cells (ACE2) is present in
high proportion in the esophageal epithelium, gastric mucosa,
enterocytes, and colonocytes.29,30,33 Chinese researchers
declared that they were able to isolate live infectious virions
from the stool of COVID-19 patients, which raises the pos-
sibility of potential infectivity of the stool and the prone feco-
oral route of transmission.29,33 Liu et al34 described a mac-
roscopic finding of small bowel segmental dilatation and
stenosis in an autopsy of an 85-year-old man. Xiao et al33

performed upper and lower gastrointestinal endoscopy for a
78-year-old man who suffered from gastrointestinal bleeding
with confirmed diagnosis of COVID-19. Esophageal mucosal
lesions were evident, while the rest of the tract did not show
any endoscopic abnormalities. Histologic examination was
insignificant, and all what was shown is occasional lympho-
plasmacytic inflammation and edema in the esophageal
mucosa, gastric lamina propria, duodenal and rectal mucosae.
Direct immunofluorescence was positive for viral nucleocap-
sid protein and ACE2 in gastric, duodenal, and rectal epi-
thelial cells. The expression in the esophageal mucosa was,
however, weak. Gu and Korteweg35 have shown that the
downregulation of ACE2 expression in lungs caused by the
closely related SARS-CoV infection seems to mediate severe
lung injury. Therefore, there is possibly downregulation of
ACE2 expression associated with COVID-19 in the gastro-
intestinal tissue producing low-grade inflammation coupled
with dysbiosis in a way resembling the functional digestive
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disorders such as irritable bowel syndrome. The role of ACE2
in the gastrointestinal tract is mainly related to the regulation
of intestinal amino acid homeostasis, modulating gut micro-
biota, and controlling the expression of antimicrobial
peptides.36 Attributing the gastrointestinal pathology to the
medications used during managing the COVID-19 patients in
unlikely to be accurate, as the manifestations usually precede
the start of therapy in the vast majority of patients. Although
the inflamed bowel in the case of inflammatory bowel diseases
tends to show higher permeability and increased expression of
ACE2 receptors,37 there is no current evidence of higher risk
or worse prognosis in these patients.38

Liver
Hepatic abnormalities in the form of mild to moderate

elevation of aminotransferase enzymes is reported in 20% to
40% of COVID-19 patients. High bilirubin level is also
found in about 10% of cases.29,39 Patients having amino-
transferase levels 3-fold or higher, or total bilirubin 2-fold or
higher than the upper normal limits are considered as pre-
senting with true hepatic injury that might require clinical
management.40 It is unknown whether the liver injury is
attributed to direct viral toxicity or is secondary to the
systemic inflammation.39 Data from 2 independent cohort
studies revealed significant less expression of ACE2 in
hepatocytes (2.6%) in comparison with cholangiocytes
(59.7%), which suggests that SARS-CoV-2 might bind to
cholangiocytes to dysregulate liver function.32 Of note,
gamma glutamyl transferase level was also reported to be
elevated in 54% of COVID-19 patients, whereas only 1.8%
of the cases had an elevated level of alkaline phosphatase.41

Inflammatory cytokine storm with persistent activation of
lymphocytes and macrophages is another possible mecha-
nism of liver injury. Some investigators found that there is
independent association between liver injury in COVID-19
patients and the level of lymphopenia.32 Another possible
contributing factor is passive hepatic congestion resulting
from elevated right atrial heart pressure secondary to high
levels of positive end-expiratory pressure.32 Last, drug-
induced hepatic damage is also a possibility, especially if
antiviral medications were used.42,43 Xu et al20 examined a
postmortal liver biopsy of 50-year-old man and found
moderate microvesicular steatosis and mild lobular and
portal activity. Barton et al13 also reported centrilobular
steatosis in autopsy. Tian and colleagues studied 4 post-
mortem liver core biopsies. They reported focal macro-
vesicular steatosis and nuclear glycogenation in one of them.
Sinusoidal dilatation and mild lobular lymphocytic infil-
tration were both reported in 2 cases. The RT-PCR assay
for SARS-CoV-2 was performed in 3 cases, and only 1 was
positive.19 Steatosis was not seen by Yao et al,15 and signs of
shock were the only evident findings in the 21 postmortem
examinations carried out by Menter et al.18 Acute liver
injury associated with COVID-19 did not show cytoplasmic
ballooning, Mallory bodies, pericellular fibrosis, significant
cholestasis, or overt necrosis.40 Viral inclusions were not
reported in the liver biopsies of COVID-19 patients.

Kidneys
Podocytes express ACE2,44 and involvement of the

kidneys was associated with a higher mortality rate.45,46

Clinical signs are manifested mainly in the form of hema-
turia, proteinurea, and elevated serum levels of creatinine.
Su et al47 examined 26 autopsies, among which 9 were
positive clinically for signs of kidney injury. Diffuse

proximal tubule injury with the loss of brush border, cyto-
plasmic vacuolar degeneration, necrosis, and epithelial
detachment was reported. Hemosiderin granules and pig-
mented casts were occasionally seen, along with prominent
erythrocyte aggregates obstructing the lumen of capillaries
without platelet or fibrinoid material. There was no evidence
of vasculitis, interstitial inflammation, or hemorrhage.
Acute bacterial pyelonephritis was reported in 2 cases.
Occasional cellular swelling and edematous expansion of the
interstitial space devoid of inflammation were the only
pathologies observed in distal tubules and collecting ducts.
Focal nonspecific fibrosis with mononuclear inflammatory
cell infiltrates (composed of mixed B and T cells, and
occasional macrophages) was also seen. The described glo-
merular changes in this series were mainly attributable to
their ages or comorbidities. Electron microscopic examina-
tion was positive for clusters of coronavirus particles with
distinctive spikes in the tubular epithelium and podocytes.
In addition, ACE2 receptors were upregulated. SARS-CoV
nucleoprotein antibody was positive in tubules by immu-
nohistochemical testing.47 Menter and colleagues in their
report of 21 postmortem examinations of COVID-19 cases
noted shock-related signs in most kidneys. Microthrombi in
glomerular capillaries were evident in 18 patients. Acute
tubular injury with formation of cystic tubules lined by
flattened epithelia and embedded in an edematous interstitia
was also described. Chronic inflammation was seen focal
and sparse in a few cases in areas of interstitial fibrosis and
tubular atrophy. Electron microscopic examination of 2
cases was carried out and disclosed prominent activation of
podocytes and endothelial cells. Cytoplasmic vesicles, some
attached to ribosomes, were seen in podocytes harboring
virus-like particles occasionally. Similar particles were also
irregularly detectable in glomerular endothelial and prox-
imal tubular epithelial cells.18

A distinctive and aggressive variant of focal segmental
glomerulosclerosis known as collapsing glomerulopathy
(CG) was also reported in association with COVID-19 by
independent researchers in 3 patients of African descent.46

Kidney injury was unrelated to the severity of lung
involvement, and dialysis was required after discharge of 2
patients with CG.

Biopsy findings show severe CG in the form of seg-
mental or global glomerular tuft collapse. The overlying
podocytes and parietal epithelial cells show hyperplasia and
hypertrophy. Prominent acute tubular injury, foci of tubular
dilation with formation of microcysts, and nonspecific
interstitial inflammation are also seen accompanying CG.
Ultrastructural examination of CG cases revealed diffuse
effacement of podocyte foot processes and inclusions within
podocytes and endothelial cells.46

The pathogenesis of these changes is possibly related to
direct virulence of the virus, supported by the high amount of
viral RNA detected in kidney samples, and the detection of
virus-like particles within podocytes, glomerular endothelial
cells, and proximal tubular cells.18 Alternative mechanisms
include indirect injury through hypoxia, hypoperfusion-induced
tubular injury with cytokine storm or sepsis, abnormal coagu-
lation, drugs, or hyperventilation-induced rhabdomyolysis.46,47

Reproduction
Male infertility is a theoretical concern linked to

COVID-19, as both Sertoli and Leydig cells extensively
express ACE2, making the testes vulnerable to SARS-CoV-2
infection.48 Moreover, discrepancies of sex-related hormone
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ratio are reported in COVID-19 patients in reference to
healthy controls, specifically in relation to the abnormally
high level of luteinizing hormone and prolactin.49 Victims of
the closely related SARS-CoV showed immune-mediated
orchitis.50 Song et al51 could not demonstrate SARS-CoV-2
RNA in 12 semen samples and 1 testicular biopsy from
COVID-19-positive patients and autopsy, respectively. They
concluded that, if there would be compromised fertility after
COVID-19, it is likely to be caused by the hyperimmune
response rather than direct viral toxicity. Furthermore,
COVID-19 is unlikely to be transmitted sexually. In women,
there is an evidence of wide distribution of ACE2 in the
ovaries, uterus, vagina, and placenta.52 In an autopsy study
of 12 COVID-19 patients, the gonads of both sexes showed
no abnormalities.11 In the same study, 6 of 7 examined
prostates showed microthrombi.

Unlike other viral pneumonia, a retrospective study of 116
COVID-19-positive pregnant women in China disclosed no
increased risk of abortion or preterm labor associated with the
disease.53 Notably, susceptibility of pregnant patients to more
severe pneumonia and vertical transmission were both not
evident in independent studies.53–55 Penfield and colleagues
reported 3 positive swabs of 11 placentas and membranes tested
for women with moderate or severe COVID-19 at delivery
time. None of the newborns was positive. Therefore, con-
tamination from maternal blood is a likely possibility.56 His-
topathologic examination of a miscarried second trimester
placenta and fetal autopsy was performed by Baud et al.57 The
placenta showed mixed inflammatory cell infiltration pre-
dominated by neutrophils and monocytes in the subchorial
space, intervillous fibrin deposition, and funisitis. Placental
swabs were positive for SARS-CoV-2 and negative for bacterial
infections. Fetal autopsy demonstrated no abnormalities, and
swabs taken from fetal lung, liver, and thymus were all negative
for SARS-CoV-2. Fibrin deposition with no villitis or cho-
rioamnionitis was also noted by another group after examining
3 placentas.58 Signs of maternal and fetal vascular malperfusion
were also described by different investigators.59–61

Immune System
The factors that control the severity of COVID-19 are

not well understood, as it does not seem to be solely related
to the viral load.62 Observational studies disclosed older age
and the preexistence of comorbidities as risk factors for
increased disease severity, but severe disease can occur in
completely healthy and young patients with no discernable
risk factors. Defective interferon response and excessive
inflammatory reaction to SARS-CoV-2 are thought to play a

TABLE 2. Reported Pathologic Findings in Various Body Systems

System Reported Findings Source

Respiratory Diffuse alveolar damage 10,11,13,15,17–20
Vascular congestion 11,13–15,17–19
Mild mononuclear

inflammation
10,13,15,17–19

Microthrombi 10,11,13,15,18
Secondary bacterial

pneumonia
11,13,18,19

Pulmonary embolism 11,18
No mucus plugs 10,11,13–15,17–20
No eosinophilic or

neutrophilic infiltration
10,11,13–15,17–20

Cardiovascular Myocardial hypertrophy 11,18,19
Edema 19
Fibrosis 19
No or mild mononuclear

inflammation
11,13,20

Nervous No inflammation 18
No necrosis 18
Mild hypoxic injury 18

Digestive Segmental dilatation and
stenosis

34

Esophageal mucosal lesion 33
Focal/mild edematous mucosa

infiltrated by mononuclear
inflammatory cells

33

Downregulation of ACE2
receptors

33

Liver Steatosis 11,13,19,20
Mild lobular and portal

activity
20

Nuclear glycogenation 19
Sinusoidal dilatation 19
Mild lobular mononuclear

inflammation
19

Absent cytoplasmic
ballooning, Mallory bodies,
cellular fibrosis, marked
cholestasis, necrosis, or viral
inclusion

13,19,20,40

Kidney Collapsing glomerulopathy 46
Diffuse proximal tubular

injury
18,46,47

Loss of brush borders 47
Cystic tubules 18,46
Tubular atrophy 18
Necrosis 47
Epithelial detachment 47
Hemosiderin granules 47
Pigmented casts 47
Microthrombi in glomerular

capillaries
18,47

Acute pyelonephritis 47
Interstitial edema or fibrosis 18,47
Distal tubules’ and collecting

ducts’ cellular swelling
47

No or mild focal interstitial
mononuclear inflammation

18,46,47

Upregulation of ACE2
receptors

47

Placenta Maternal vascular
malperfusion

59

Fetal vascular malperfusion 60,61
Mixed inflammation in the

subchorial space
57

Intervillous fibrin deposition 57,58
Funisitis 57

Immune High levels of cytokines 21,63–71
T-cell lymphopenia 64–70

TABLE 2. (continued)

System Reported Findings Source

Increased neutrophil-
to-lymphocyte ratio

64–70

Tissue infiltration by
macrophages

64–70

BALF: increased monocyte-
derived macrophages,
depletion of tissue-resident
alveolar macrophages

73

Coagulation abnormalities 64,66,67,74

ACE2 indicates angiotensin-converting enzyme 2; BALF, bronchoalveolar
lavage fluid.
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major role in disease-related morbidity and mortality.63 High
levels of circulating inflammatory cytokines, C-reactive
protein, ferritin, and D-dimers, along with profound T-cell
lymphopenia, especially in the CD8 T-cell component, with
higher neutrophil-to-lymphocyte ratio, besides tissue infil-
tration by histiocytes, are all observed in patients suffering
from severe COVID-19.21,64–70 The most important inflam-
matory cytokines observed are interleukin (IL)-6, IL-7, IL-
10, tumor necrosis factor, and chemokines such as CCL2,
CCL3, and CXCL10.63,71 The exact mechanism of T-cell
lymphopenia is not certain yet. It might be inclined by their
massive recruitment in tissue inflammation, as they play
major roles in viral containment and clearance. Alter-
natively, steroid therapy may induce or aggravate the lym-
phocytic depletion.72 In situ terminal deoxynucleotidyl
transferase dUTP nick end labeling (TUNEL) staining
detected high levels of lymphocytic apoptosis in postmortem
studies of spleens and lymph nodes of patients who died from
COVID-19.69 There is no available evidence currently sup-
porting the possibility of direct viral infection of T cells as a
potential mechanism of lymphopenia.72

In comparison with patients with mild COVID-19, the
bronchoalveolar lavage fluid of patients with severe disease
has a higher proportion of monocyte-derived macrophages,
which are highly inflammatory and enormous producers of
chemokine implicated in the phenomenon known as cyto-
kine release syndrome or cytokine storm. Depletion of tis-
sue-resident alveolar macrophages is also described in severe
cases,73 whereas, in mild disease, bronchoalveolar lavage
fluid shows clonal expansion of subsets of CD8 T cells
including tissue-resident memory cells and minimal infil-
tration by monocyte-derived inflammatory macrophages.
This observation led to the hypothesis of partial protection
by the preexistence of T cells with cross-reactivity to SARS-
CoV-2 resulting in rapid control of the virus and limiting of
the severity of the disease.72

Coagulopathy is also linked to poor prognosis and
multiorgan failure and death in patients with severe COVID-
19. Microthrombi in multiple organs, thrombocytopenia, and
a high level of fibrin degradation products (D-dimers) are
present alike to sepsis, and it is also mainly mediated by
inflammatory cytokines.74 Table 2 summarizes the pathologic
findings of different systems.

CONCLUSIONS
This review is the first attempt to give a summarized

insight of the pathologic impact of COVID-19 on various tissue
types. The disease is not restricted to the lung, and it disrespects
the boundaries of organ systems the same way it did to the
geographic borders, potentially causing multiorgan injury. It
seems that the respiratory, immune, and the digestive systems
are the major targets of the disease. Mild mononuclear
inflammatory cell infiltration is the most frequent histologic
finding in general (Table 2). Besides organ-specific changes,
microthrombi, especially noticed in lungs, kidneys, and pros-
tates are the most significant observation microscopically.

With the existence of animal reservoir and the current
lack of approved vaccination and medication, COVID-19
continues to threaten human health. It is crucial to practice
universal laboratory biosafety measures in the surgical path-
ology department all the time, including proper usage of
personal protective equipment with surgical masks in the
grossing room and using an adequate amount of formalin for
fixation, as all fresh specimens are potentially infectious. Our

current knowledge of tissue findings associated with COVID-
19 is still premature, as the data extracted from biopsies and
autopsies are slowly materializing. Pathologists are highly
advocated to pay close attention to report histologic findings
and any viral-related changes in any tissue type.

Multiorgan dysfunction associated with SARS-CoV-2
infection can be attributed to direct viral toxicity, or related
to systemic inflammation, immunologic injury, and shock.
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