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Abstract
BACKGROUND 
Information on liver involvement in patients with coronavirus disease 2019 is 
currently fragmented.

AIM 
To highlight the pathological changes found during the autopsy of severe acute 
respiratory syndrome coronavirus 2 positive patients.

METHODS 
A systematic literature search on PubMed was carried out until June 21, 2022.

RESULTS 
A literature review reveals that pre-existing liver disease and elevation of liver 
enzyme in these patients are not common; liver enzyme elevations tend to be seen 
in those in critical conditions. Despite the poor expression of viral receptors in the 
liver, it seems that the virus is able to infect this organ and therefore cause liver 
damage. Unfortunately, to date, the search for the virus inside the liver is not 
frequent (16% of the cases) and only a small number show the presence of the 
virus. In most of the autopsy cases, macroscopic assessment is lacking, while 
microscopic evaluation of livers has revealed the frequent presence of congestion 
(42.7%) and steatosis (41.6%). Less frequent is the finding of hepatic inflammation 
or necrosis (19%) and portal inflammation (18%). The presence of microthrombi, 
frequently found in the lungs, is infrequent in the liver, with only 12% of cases 
presenting thrombotic formations within the vascular tree.

https://www.f6publishing.com
https://dx.doi.org/10.3748/wjg.v29.i1.200
mailto:sderrico@units.it
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CONCLUSION 
To date, the greatest problem in interpreting these modifications remains the association of the 
damage with the direct action of the virus, rather than with the inflammation or alterations 
induced by hypoxia and hypovolemia in patients undergoing oxygen therapy and decompensated 
patients.

Key Words: Liver; COVID-19; Autopsy; Immunohistochemistry; In situ hybridization; Immunofluorescence

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: A literature review, about liver pathology in coronavirus disease 2019 (COVID-19) patients, 
demonstrates the presence of liver damage, which is represented mainly by congestion, steatosis, hepatic 
inflammation and necrosis, and portal inflammation. The problem to date is whether the damage is 
COVID-19 related (meaning from direct virus damage/inflammatory related/systemic pathology related) 
or drug induced. However, this demonstration involves the need to be careful during drug treatment in 
patients with altered liver enzyme values to prevent further clinical worsening.

Citation: Zanon M, Neri M, Pizzolitto S, Radaelli D, Concato M, Peruch M, D'Errico S. Liver pathology in 
COVID-19 related death and leading role of autopsy in the pandemic. World J Gastroenterol 2023; 29(1): 200-220
URL: https://www.wjgnet.com/1007-9327/full/v29/i1/200.htm
DOI: https://dx.doi.org/10.3748/wjg.v29.i1.200

INTRODUCTION
The new coronavirus disease 2019 (COVID-19), caused by the severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2), has been well studied in relation to pulmonary and cardiac histologic 
manifestations, but little is yet known regarding hepatic manifestations. COVID-19 has, in fact, to be 
considered a systemic infectious and inflammatory disease with histological changes also in other 
organs apart from its main target represented by the lungs. Liver involvement to date is recognized and 
defined as any liver damage occurring during the course of the disease or its treatment[1], meaning that 
liver damage can be caused by direct cytotoxicity or inflammatory response and hypoxic/cardio-
vascular changes, or it may be drug-induced[2-4]. SARS-CoV-2 liver tropism is also well studied, with 
many authors demonstrating the presence of angiotensin converting enzyme 2 (ACE2) receptor and 
transmembrane serine protease 2 in the liver, mainly expressed on cholangiocytes, where the levels of 
expression are similar to those on alveolar cells, though they are only minimally expressed on 
hepatocytes. No ACE2 expression was demonstrated on sinusoidal endothelial cells or Kupffer cells, 
apart from Wanner et al[5] who demonstrated minimal expression of ACE2 on Kupffer cells through 
immunofluorescence and Pirisi et al[6] who demonstrated the presence of virus-like particles in 
endothelial cells of hepatic sinusoids. Curiously, in patients with liver fibrosis/cirrhosis and in cases of 
hypoxia, the expression of ACE2 is increased, therefore pre-existing liver injury or hypoxic conditions, 
common in patients with COVID-19, could favor SARS-CoV-2 liver tropism[4,7-9]. Liver infection could 
also be explained by its immunological role and the proximity to the digestive organs, which exhibit a 
strong SARS-CoV-2-tropism, that could favor the entry of the virus through the portal system. Hepatic 
macrophages (mainly Kupffer cells) and sinusoidal endothelial cells have a key role in the activation of 
the immune response through pathogen recognition receptors, thus favoring virus entry[10].

The incidence of liver injury in COVID-19 patients is seen in 14%-53% cases[9,11,12] mainly 
demonstrated through abnormal liver function enzymes. In the literature, only a small number of 
studies focus on liver damage and even fewer on histological changes in patients who died with or from 
COVID-19. The purpose of this review is to summarize the results of studies in the literature and 
evaluate the biochemical and histological changes in the liver, demonstrating that the execution of 
autopsies is not obsolete, but represents a fundamental tool to create a bridge between clinical manifest-
ations and cytological damage.

MATERIALS AND METHODS
A systematic literature search on PubMed was carried out until June 21, 2022. No time restrictions were 
applied. The review was conducted using MeSH terms, Boolean operators, and free-text terms to 
broaden the research. Studies focusing on autopsies of COVID-19 deaths and in particular on liver 

https://www.wjgnet.com/1007-9327/full/v29/i1/200.htm
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pathology were initially searched using the terms “((COVID-19) AND (autopsy) AND ((death) OR 
(liver))” in title, abstract, and keywords. Study design included case reports, case series, and 
retrospective and prospective studies. Reviews were excluded in order not to create duplication of data, 
but were analyzed to search for any studies not resulting from the search in the database. No 
unpublished or gray literature was searched. A total of 526 articles were found in the database. The 
evaluation of references during full text screening allowed the inclusion of further seven studies. After 
evaluation of abstracts and full text, 46 articles were included because of their compliance with the 
inclusion criteria. We also conducted a relevant search using Reference Citation Analysis (
https://www.referencecitationanalysis.com/) database to supplement and improve the highlights of 
the latest cutting-edge research results. Data from each included study were extracted using Microsoft 
Excel spreadsheets, including information on authors, publishing year, nation, sample size, gender, age, 
type of autopsy, laboratory results, pre-existing liver disease, macroscopic and microscopic results, 
additional staining, cause of death, medications, and search of the virus in the liver (Table 1).

RESULTS
Demographics
A total of 11 case reports and 35 case series were analyzed, with a total of 994 autopsy cases of COVID-
19 patients. Studies were from all over the world: One from Hungary, Romania, Japan, South Africa, 
and United States in association with Brazil each, two from Austria, Belgium, India, Iran, and Turkey 
each, three from the United Kingdom, four from Italy, five from Germany, Switzerland, and China each, 
and nine from the United States. Gender was specified in 882 cases, of whom 54% (540) were male and 
35% (342) were female. Age ranged from 18 to 102 years with a mean age of 53 years. Age distribution is 
summarized in Figure 1.

Liver disease
Pre-existing liver diseases were described in 61 (6%) cases, comprising 28 cases of fatty liver disease, 19 
cases of chronic liver disease, 11 cases of cirrhosis, and 1 case each of hepatitis B and C. In 161 cases, 
body mass index (BMI) was over 30 kg/m2.

Laboratory findings
Laboratory values of aspartate aminotransferase (AST) and alanine aminotransferase (ALT) were 
described in 350 cases, with only 1 case described with values within the ranges of normality. The 
description of the laboratory values differed somewhat between the various studies, with only 5 studies 
(55 cases) reporting AST and ALT values at admission and 8 (64 cases) reporting the maximum values 
during hospitalization. Additional 4 reports for AST (51 cases) and 5 papers for ALT (61 cases) described 
the laboratory values without specifying the timing of the sampling. Data is summarized in Table 2. 
Abnormal AST and ALT values were described in 105 and 91 additional cases, respectively.

Hospitalization and medications
For the subsequent analysis of the macroscopic and microscopic findings, it was decided to evaluate 
whether the patients were hospitalized and whether drug therapies capable of causing liver alterations, 
such as antibiotics, antivirals, and quinine, were administered. In 861 cases the place where the death 
took place was described. In 752 cases the patient was hospitalized and died in hospital, 76 cases died at 
home, 22 cases died in community settings, and 11 cases were not hospitalized and died in other 
circumstances such as car accidents and falls from a height. In 133 cases a hospital stay or the place of 
death was not described. Medication administration was described in 201 cases, of which 22 were 
administered with hydroxychloroquine only. In 41 cases quinine was administered together with an 
antibiotic or antiviral, in 17 cases antibiotics and antivirals were given, and in 56 only an antibiotic was 
administered. In 766 cases the administration of hepatotoxic drugs was not reported.

Type of autopsy
Autopsies were performed in all 994 cases; in 508 (51%) cases autopsies were complete, of which 2% (22) 
had a complete autopsy without the evaluation of the brain to avoid the risk of COVID-19 infection, in 
38% (372) of the cases a core biopsy was performed, in 51 (5%) cases a partial autopsy was carried out, 
and in 41 cases information about the type of autopsy performed was not reported.

Macroscopic results
Macroscopic results were described in only 265 (27%) cases. The most frequent finding, in 79 cases, was 
the presence of congestion, followed by steatosis in 39 cases. A nutmeg or yellow aspect of the liver 
surface was seen in 16 cases, a fibrosis-indurated consistency in 6 cases, and only 1 case showed the 
macroscopic presence of cancer. Lastly, 11 livers were described of increased size (hepatomegaly) and 10 
livers as normal. For 144 patients weight was reported; mean weight was 1805 g with a range from 520 

https://www.referencecitationanalysis.com/
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Table 1 Literature review results

Ref. Country Cases (n) Age (mean, 
range) Sex Type of 

autopsy

Pre-existing 
liver 
disease or 
other 
diseases

Laboratory 
findings 

Macroscopi
-c results

Microscopi-
c results

Additional 
stainings

Cause of 
death Medications Hospitalizat

-ion 

Virus 
identificatio
-n in liver

Aguiar et al
[13], 2020

Switzerland 1 31 F Complete Obesity NR Nutmeg 
appearance

Microabs-
cesses

None Respiratory 
failure in 
COVID-19

None Home death No search 

Arslan et al
[14], 2021 

Turkey 7 56, 43-68 M 6, F 1 Partial 3 obesity, 2 
hypertension, 
1 in 
hemodialysis

NR NR 4 mild 
steatosis, 1 
biliary 
microhamart-
oma

None Respiratory 
failure in 
COVID-19

NR 5 hospit-
alized, 2 NR

No search 

Barton et al
[15], 2020 

United States 2 59, 42-77 M 2 Complete 2 obesity, 1 
hypertension 
and 1 
myotonic 
muscular 
dystrophy

NR Case 1: 
weight: 2232 
g, steatosis. 
Case 2: 
weight: 1683 
g, cirrhosis

Nr None 1 respiratory 
failure in 
COVID-19, 1 
complic-
ations of 
hepatic 
cirrhosis 

NR 1 hospit-
alized and 1 
home death

No search 

Beigmo-
hammadi et 
al[16], 2021 

Iran 7 68, 46-84 M 5, F 2 Core-biopsy 4 
hypertension, 
1 immuno-
compromised 
and 1 
valvular 
hearth 
disease

NR NR 7 congestion, 
7 steatosis, 7 
portal 
inflam-
mation, 7 
hepatitis, 4 
ballooning 
degeneration 
of 
hepatocytes, 
2 bile plugs, 7 
focal 
confluent 
necrosis, 4 
focal 
hepatocyte 
drop out

Masson’s 
trichrome: 1 
case of mild 
fibrosis

NR 7 were 
treated with 
hydroxychol-
orquine and 
6 with 
antivirals

All hospit-
alized

No search 

Bradley et al
[17], 2020 

United States 14 74, 42-84 M 6, F 8 7 partial and 
7 complete

5 obesity, 8 
hypertension, 
4 heart 
failure, 8 
CKD 

NR Congestion 10 
congestion, 9 
steatosis, 1 
toxic or 
metabolic 
disease, 4 
centrilobular 
necrosis, 3 
periportal 
inflammation

None 12 
respiratory 
failure in 
COVID-19, 2 
cardiovascula
-r failure 

NR All hospit-
alized 

2 positive 
and 1 
negative 
PCR-test, 11 
not tested. 14 
negative IHC 
and TEM
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Bryce et al
[18], 2020 

United States 92 NR NR Complete 28 fatty liver 
disease

NR NR 8 cirrhosis, 57 
early 
organizing 
thrombi in 
portal 
venules and 
terminal 
hepatic 
venules, 41 
congestion 
with some 
cases 
showing 
hemophago-
cytosis

None NR NR NR No search 

Bösmüller et 
al[19], 2020 

Germany 4 72, 59-79 M 3, F 1 Complete-no 
brain

2 HIV, 2 
hypertension

3 NR 1 with 
normal 
values

1 hepato-
spleno-
megaly and 1 
yellowish 
surface

Case 1: 
congestion 
and 
activation of 
Kupffer cells. 
Case 2: 
macrophages 
activation 
with signs 
hemophago-
cytosis

None 1 respiratory 
failure in 
COVID-19, 3 
MOF

1 had a MOF 
and was 
intubated, 1 
was treated 
with 
meropenem, 
1 was treated 
with ECMO

3 hospit-
alized and 1 
home death

Negative 
PCR-test 

Bugra et al
[20], 2021 

Turkey 100 55, 7-98 M 80, F 20 Partial NR NR NR 84 inflam-
mation, 54 
steatosis, 19 
glycogen-
isation, 9 
centilobulary 
necrosis, 18 
autolysis, 45 
congestion, 7 
endotheliitis, 
1 cirrhosis, 2 
fibrin 
thrombosis, 2 
bridging 
necrosis, 1 
granulo-
matous 
inflam-
mation, 23 
cholestasis

CD3+ in 
portal space

74 
respiratory 
failure in 
COVID-19 
and 26 NR

NR 25 hospit-
alized, 55 
home dead, 6 
falling from 
height, 5 car 
accidents and 
9 NR 

No search 

3 periportal 
fibrosis, 2 
necrosis, 5 
inflam-
mation, 7 
portal 
inflam-

Chornenkyy 
et al[21], 2021 

United States 8 58, 18-81 M 3, F 5 Complete 2 chronic 
liver disease 
(1 HCV and 1 
autoimmune 
hepatitis), 6 
obesity, 4 
hypertension

Peak AST: 
146 (20-1470) 
and ALT: 214 
(10-9961)

Yellowish 
surface and 
congestion

NR NR NR All hospit-
alized

4 positive 
and 4 
negative 
PCR-test 
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mation, 6 
congestion, 4 
steatosis, 6 
acute 
hepatitis

Danics et al
[22], 2021 

Hungary 100 75, 40-102 M 50, F 50 Complete 36 obesity, 6 
liver 
diseases, 85 
hypertension

41 elevated 
AST values 
and 27 
elevated ALT 
values

Average 
weight 1544 
g (range 520-
3046 g)

63 steatosis, 
43 portal 
fibrosis, 4 
cirrhosis, 11 
centrolobular 
necrosis, 87 
congestion, 
52 hepato-
cellular 
cholestasis

None NR NR All hospit-
alized

No search 

Del Nonno et 
al[23], 2021

Italy 3 69, 63-76 M 2, F 1 Complete NR Admission 
AST: 63 (31-
128) and 
ALT: 41 (19-
84) 

NR All cases 
showed 
steatosis, 
portal 
inflam-
mation, 
portal 
fibrosis, focal 
lobular 
inflam-
mation, zonal 
necrosis and 
congestion

IHC: CD8+ in 
portal 
inflam-
mation, CD34 
positive 
staining in 
the portal 
tract 
vasculature 
and 
sinusoids, 
Perl's 
staining for 
iron 
demonstrate-
d iron 
deposits into 
hepatocytes

All 
respiratory 
failure in 
COVID-19

1 NR, one 
with 
immunosup-
pressor 
(tocilizumab) 
and one with 
antibiotics + 
morphine. 
All had O2 
therapy (1 
CPAP and 2 
venturi 
mask)

All hospit-
alized

Negative 
PCR-test and 
IHC 
detection 
(nucleo-
capsid and 
nucleo-
protein) 

Edler et al
[24], 2020 

Germany 80 79, 52-96 M 46, F 34 Complete 6 obesity, 4 
cirrhosis

NR NR Congestion None 76 
respiratory 
failure in 
COVID-19, 1 
pericardial 
tamponade, 1 
sepsis and 2 
cardiovascula
-r failure

17 with NIV 51 hospit-
alized, 13 in 
nursing care 
homes, 12 
home deaths, 
1 in a hotel 
and 3 NR 

No search 

Elsoukkary et 
al[25], 2020 

United States 32 68, 30-100 M 22, F 10 Partial 17 
hypertension, 
12 obesity

AST: 567 (18-
6000) and 
ALT: 387 (12-
4885)

NR 9 steatosis, 6 
portal 
inflam-
mation, 3 
bridging 
fibrosis 
and/or 
cirrhosis

None NR 19 hydroxy-
chloroquine 
and 
antibiotics, 9 
only 
antibiotics

All hospit-
alized

No search 

Evert et al 7 obesity, 1 7 cholestasis, All did NIV, All hospit- 3 positive Germany 8 62, 44-73 M 4, F 4 Complete NR NR None 8 MOF
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[26], 2021 liver 
cirrhosis, 5 
hypertension

7 single-cell 
necrosis, 5 
fatty 
degeneration 
with 2 
showing 
marked 
steatosis, 2 
mild fibrosis, 
1 cirrhosis

dialysis and 
antibiotics. 5 
had ECMO

alized PCR-test 

Falasca et al
[27], 2020 

Italy 22 68, 27-92 M 15, F 7 Complete 1 obesity NR Congestion 11 inflam-
mation, 10 
congestion, 
12 steatosis

None All 
respiratory 
failure in 
COVID-19

NR All hospit-
alized

No search 

Fassan et al
[28], 2020 

Italy 26 82, 61-97 M 14, F 11 Complete 5 obesity, 1 
HCV-related 
cirrhosis

NR NR 1 cirrhosis, 22 
congestion, 5 
centrilobular 
parenchymal 
atrophy, 2 
fibrosis, 5 
sinusoidal 
diffuse 
microthromb
-i, 3 portal 
vein 
thrombosis, 2 
centroacinar 
necrosis, 26 
activation of 
Kupffer cells, 
1 portal 
inflam-
mation, 9 
steatosis

None NR NR NR Negative ISH 

Greuel et al
[29], 2021 

Germany 6 35, 26-46 M 3 F 3 Complete 1 obesity, 2 
right cardiac 
insufficiency, 
1 Ewing 
sarcoma

4 elevated 
AST and ALT 
values

NR 1 severe 
cholestasis, 1 
focal 
ischemic 
damage 2 
steatosis

None 3 MOF, 1 
acute 
mesenteric 
ischemia, 1 
cardiovascula
-r failure, 1 
hemorrhagic 
shock 

5 had ECMO 
and NIV

All hospit-
alized

Negative 
PCR-test 

Grosse et al
[30], 2020 

Austria 14 82, 55-94 M 9, F 5 Complete 1 liver 
cirrhosis, 8 
hypertension

Admission 
AST: 49 (12-
98) and ALT: 
25 (7-87) 

NR 13 steatosis, 
14 
congestion, 
12 portal 
lymphoid 
infiltration, 4 
portal 
fibrosis

None 2 
bronchopneu
-monia, 12 
NR

12 had 
antibiotics

All hospit-
alized

No search 

Hanley et al United 5 obesity, 4 Average 7 steatosis, 3 All hospit- 3 positive 10 73, 52-79 M 7, F 3 Complete NR None NR 4 NIV
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[31], 2020 Kingdom hypertension weight 1432 
g (range 
1012-2466) 
and 3 hepato-
megaly 

cirrhosis or 
bridging 
fibrosis

alized PCR-test (e 
gene) 

Hirayama et 
al[32], 2021

United 
Kingdom

19 71, 42-94 M 11, F 8 Complete 5 obesity, 8 
hypertension 

NR NR 12 steatosis, 5 
congestion, 4 
cirrhosis, 3 
portal 
inflammation

None NR NR All hospit-
alized

No search 

Hooper et al
[33], 2021 

United 
States-Brazil

135 61 M 80, F 55 36 core-
biopsy and 
99 partial 

34 obesity, 5 
liver disease, 
86 
hypertension 

NR NR 41 necrosis, 
37 steatosis, 
19 inflam-
mation, 7 
fibrosis, 6 
congestion, 5 
cirrhosis, 3 
cholestasis

None 101 
respiratory 
failure in 
COVID-19, 6 
cardiovascula
-r failure, 28 
NR 

NR All hospit-
alized

No search 

Ihlow et al
[34], 2021 

Germany 1 88 F Complete None Peak AST: 
1690 and 
ALT: 1632 

Subtotal liver 
dystrophy

Necrosis, 
cirrhosis, 
portal 
inflammation 

IHC for 
ACE2, 
TMPESS2 
and 
cathepsin L: 
strong 
membranous 
signals in 
intrahepatic 
bile duct 
epithelium

Acute liver 
failure

Antibiotics Hospitalized ISH positive 
in the bile 
duct 
epithelium 
and positive 
PCR-test

Lacy et al
[35], 2020 

United States 1 58 F Complete Obesity NR Weight 1990 
g

Steatosis and 
congestion

None Respiratory 
failure in 
COVID-19

NR Home death No search 

Lagana et al
[36], 2020 

United States 40 70, 66-80 M 28, F 12 NR 2 chronic 
liver disease, 
1 alcohol-
related 
cirrhosis, 1 
liver 
transplant 
with acute 
rejection and 
1 with anti-
HBV core 
antibody 
positivity

n = 33 
Admission 
AST: 63 (43-
92) and ALT: 
32 (19 - 55). 
Peak AST: 
102 (54-294) 
and ALT: 68 
(32-258)

2 fibrosis and 
1 had 
abscesses, 37 
with steatosis 
and 
congestion

20 lobular 
necroinflam-
mation, 20 
portal 
inflam-
mation, 10 
lobular 
apoptosis, 30 
steatosis, 32 
congestion, 
16 
centrilobular 
necrosis, 15 
cholestasis

None NR 22 steroids, 
19 hydroxy-
chloroquine, 
and 6 
received 
tocilizumab

All hospit-
alized

11 positive 
and 9 
negative 
PCR-test

2 obesity, 9 
hypertension, 
1 Hodgkin 
lymphoma 

11 steatosis, 8 
congestion, 7 
necrosis, 10 
Kupffer cell 

Lax et al[37], 
2020 

Austria 11 82, 75-91 M 8, F 3 Partial AST: 66 (17-
189) and 
ALT: 41 (19-
98)

NR None Pulmonary 
arterial 
thrombosis

2 NIV, 9 
AIRVO and 9 
had 
antibiotics

All hospit-
alized

No search 
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and 1 
bladder 
carcinoma

proliferation, 
6 portal 
fibrosis, 8 
inflam-
mation, 8 
ductular 
proliferation

Malik et al
[38], 2021 

India 1 31 F Complete None NR Congestion Congestion, 
mild chronic 
inflammatory 
infiltrate in 
some portal 
tract, and 
occasional 
lymphocytic 
aggregate 
adjacent to 
central vein

None Respiratory 
failure in 
COVID-19

None Hospitalized Positive PCR-
test 

Menter et al
[39], 2020 

Switzerland 21 76, 53-96 M 17, F 4 17 complete 
and 4 partial

2 chronic 
liver disease, 
21 
hypertension, 
6 obesity

n = 10 AST: 
67.2 (22-214)

NR 7 steatosis, 5 
necrosis, 3 
ASH/NASH 

None Respiratory 
failure in 
COVID-19

NR All hospit-
alized

No search 

Nunes et al
[40], 2021 

South Africa 75 60, 49-68 M 29, F 46 Core- biopsy 41 
hypertension, 
20 HIV

NR NR 33 portal 
inflam-
mation, 24 
steatosis, 40 
sinusoidal 
inflam-
mation, 10 
lobular 
hepatitis, 9 
Kupffer cell 
activation, 11 
spotty 
necrosis, 4 
confluent 
necrosis, 6 
fibrosis, 26 
congestion, 7 
fibrin-platelet 
thrombi

None NR NR All hospit-
alized

No search 

Case 1: 
congestion, 
steatosis, 
periportal 
fibrosis and 
portal 
inflam-
mation, case 
2: nothing, 
case 3: 

Oprinca[41], 
2020 

Romania 3 59, 27-79 M 3 1 complete 
and 2 partial

1 choledochal 
preampular 
intraluminal 
obstruction

NR Case 1: 
choledochal 
preampullary 
intraluminal 
obstruction, 
case 2: 
normal, case 
3: hepato-
megaly and 
cirrhosis

None 2 respiratory 
failure in 
COVID-19, 1 
shock 
hemorrhagic

Case 1: 
antibiotics, 
corticost-
eroids and 
assisted 
oxygenation. 
Case 2: none 
(home 
death). Case 
3: none

2 hospit-
alized, 1 NR

No search 
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bridging 
fibrosis and 
portal 
inflammation

Rapkiewicz 
et al[42], 2020 

United States 7 NR, 44-65 M 3, F 4 Complete 5 obesity and 
7 
hypertension

NR NR 6 steatosis, 1 
cirrhosis, 6 
platelet-fibrin 
microthromb
-i in 
sinusoids, 2 
necrosis 

None Cardiovascul
ar failure 

5 azithro-
mycina and 
hydroxy-
chloroquine 
and O2 NIV

5 hospit-
alized, 2 
home deaths

No search 

Remmelink et 
al[43], 2020 

Belgium 17 72, 62-77 M 12, F 5 Complete 2 cirrhosis, 1 
liver 
transplant, 10 
hypertension 

NR 5 hepato-
megaly

7 congestion, 
1 steato-
necrosis, 10 
steatosis, 1 
cholestasis, 3 
chronic 
hepatitis, 2 
cirrhosis, 1 
centro-obular 
necrosis 

None 9 respiratory 
failure in 
COVID-19, 7 
MOF and 1 
NR

11 had 
mechanical 
ventilation

All hospit-
alized

14 positive 
and 3 
negative 
PCR-test 

Ren et al[44], 
2021 

China 1 53 F Complete None Admission 
AST: 27 and 
ALT: 24. 
Peak AST: 83 
and ALT: 93

Normal Nothing 
remarkable

None Respiratory 
failure with 
bacterial 
infection

She treated 
herself at 
home with 
Chinese herb 
medicine. In 
hospital 
intensive 
oxygen and 
supportive 
measurement
-s, extensive 
antibiotics 
and antiviral

Hospitalized Positive PCR-
test

Schmit et al
[45], 2020 

Belgium 14 63, 50-83 M 10, F 4 Complete 1 HIV, 1 non-
alcoholic 
steatohep-
atitis, 1 HCV-
hepatitis, 6 
obesity

Admission 
AST: 54 (15-
188) and 
ALT: 30 (7-
62). Peak 
AST: 2610 
(15-24176) 
and ALT: 854 
(10-7245)

Average 
weight 1988 
g (range 
1280-3220 g). 
8 cases 
yellowish 
appearance 6 
nutmeg 
appearance, 2 
indurated 
consistency, 1 
hepato-
cellular 
carcinoma, 1 
normal

11 
centrilobular 
necrosis, 9 
steatosis, 8 
lobular 
inflam-
mation, 12 
portal 
inflam-
mation, 4 
fibrosis, 5 
bile duct 
proliferation, 
5 cholestasis, 
5 iron 
overload

None 13 NR and 1 
acute 
mesenteric 
ischemia

8 hydroxy-
chloroquine 
and 
antibiotics, 4 
with 
antibiotics, 2 
with 
hydroxy-
chloroquine

All hospit-
alized

No search 

Schweitzer et Reduced Steatosis and Respiratory Switzerland 1 50 M Complete HIV NR None None Home death No search 
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al[46], 2020 consistency liver 
dystrophy 

failure in 
COVID-19

Shishido-
Hara et al
[47], 2021 

Japan 1 75 M Complete None NR Normal Portal 
inflammation

None Severe 
hemorrhage

Anti-viral 
therapy, 
antibiotics,  
O2 therapy

Hospitalized No search 

Sonzogni et al
[48], 2020 

Italy 48 71, 32-86 M 22, F 8 30 partial and 
18 complete - 
no brain

7 obesity 47 elevated 
values

NR 24 lobular 
inflam-
mation, 32 
portal 
inflam-
mation, 18 
confluent 
necrosis 18, 
26 steatosis, 
48 vascular 
thrombosis 
(35 portal, 13 
sinusoidal), 
37 fibrosis

None NR NR All hospit-
alized

No search 

Suess et al
[49], 2020 

Switzerland 1 59 M Complete None NR NR Steatosis and 
some single 
necrotic 
hepatocytes 

None Respiratory 
failure in 
COVID-19

NR Home death No search 

Tehrani et al
[50], 2022 

Iran 5 71, 55-85 M 3, F 2 Partial None AST: 275 
(106-528) and 
ALT: 392 
(168-978)

NR Congestion, 
hepatocytes 
mildly 
expanding 
and bile 
plugs

None 4 respiratory 
failure in 
COVID-19 
and 1 
cardiovascula
-r failure 

1 hydroxy-
chloroquine 
and 
antibiotics, 2 
with 
hydroxy-
chloroquine 
and anti-viral 
therapy, 1 
only anti-
viral therapy, 
1 anti-viral 
therapy + 
antibiotics

All hospit-
alized

No search 

Case 1: 
congestion, 
glycogen 
accumulation 
and focal 
steatosis, case 
2: 
regenerative 
nodules and 
fibrous 
bands, 
lobular 
inflammation 

Tian et al[51], 
2020 

China 4 73, 59-81 M 3, F 1 Core-biopsy 1 cirrhosis 
and 1 
hypertension

AST: 36,4 (30-
48.8) and 
ALT: 16 (11-
25.5)

NR None Respiratory 
failure in 
COVID-19

Antibiotics, 
antiviral 
therapy 
assisted 
oxygenation

All hospit-
alized

1 positive 
and 2 
negative 
PCR-test, 1 
was not 
tested
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and Kupffer 
cell 
activation, 
cases 3: 
Kupffer cell 
activation, 
case 4: 
periportal 
and 
centrilobular 
necrosis 

Varga et al
[52], 2020 

Switzerland 1 58 F NR Obesity and 
hypertension

NR NR Endotheliitis 
and necrosis

None MOF Dialysis Hospitalized No search 

Wang et al
[53], 2020 

China 2 50 and 79 M 1, F 1 Core-biopsy NR Case 1 peak 
ALT and AST 
of 70 U/L 
and 111 U/L, 
respectively. 
Case 2 peak 
ALT and AST 
of 76 and 236 
U/L

NR Case 1: 
apoptotic 
hepatocytes, 
steatosis, 
lobular 
inflam-
mation, 
portal 
inflam-
mation, case 
2: apoptotic 
bodies, 
steatosis, 
portal 
inflammation

IHC: case 1 
increased 
CD68 + cells 
in hepatic 
sinusoids 
and 
infrequent 
CD4+. Case 
2: many 
CD68+ cells 
in sinusoids

1 respiratory 
failure in 
COVID-19 
and 1 septic 
shock

Both had 
antiviral 
therapy and 
antibiotics

All hospit-
alized

2 positive 
TEM (viral 
particles exist 
without 
membrane-
bound 
vesicles) 

Wang et al
[54], 2020 

China 1 75 F Core-biopsy Chronic 
cardiac 
insufficiency, 
hypertension

Elevated AST 
and ALT 
values

NR Necrosis, 
activated 
histiocytes, 
occasional 
apoptotic 
hepatocytes, 
steatosis and 
cholestasis

None MOF NR Hospitalized Negative ISH 

Xu et al[55], 
2020 

China 1 50 M Core-biopsy NR NR NR Steatosis None Respiratory 
failure in 
COVID-19

Antibiotics, 
antiviral 
therapy and 
oxygenation

Hospitalized No search 

Yadav et al
[56], 2022

India 21 61, 25-84 M 15, F 6 Complete 6 obesity, 1 
hepatitis B, 1 
multiple 
myeloma

Admission 
AST: 95.4 
(18.9-760.4) 
and ALT: 
52,1 (13,2-
229,2). Peak 
AST: 162,6 
(19,8-760,4) 
and ALT: 75 
(21.8-229.2) 

NR 20 portal 
inflam-
mation, 17 
steatosis, 9 
lobular 
inflam-
mation, 1 
fibrosis, 1 
vascular 
thrombosis, 1 
necrosis

None 10 MOF, 1 
multiple 
injuries, 6 
septic shock, 
3 
cardiovascula
-r failure, 1 
respiratory 
failure in 
COVID-19

11 treated 
with 
antibiotics, 7 
antibiotics 
and antiviral 
therapy 

All hospit-
alized

11 positive, 9 
negative 
PCR-test, 1 
not tested 
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Youd et al
[57], 2020

United 
Kingdom

9 72, 33-88 M 4, F 5 Complete 3 obesity NR 4 congestion, 
1 steatosis 
and 4 normal

NR None Respiratory 
failure in 
COVID-19

NR 9 deaths in 
community 
settings

No search 

Zhao et al
[58], 2020

United States 17 65, 44-85 M 10, F 7 Complete 5 hyperlip-
idemia, 1 
cirrhosis

12 elevated 
AST and ALT 
values. Peak 
AST: 1903 
(24-13592) 
and ALT 
1059 (13-
6136) 

Weight 17694 
g (1000-2600 
g)

12 platelet-
fibrin 
microthrom-
bi, 5 
histiocyte 
activation, 12 
steatosis, 5 
lobular 
inflam-
mation, 8 
portal 
inflam-
mation, 10 
necrosis

CD68 stain 
confirmed 
histiocytic 
hyperplasia

NR NR All hospit-
alized

5 positive 
IHC (spike 
protein) in 
the 
histiocytes in 
the portal 
tracts. 
Negative 
IHC in 
endothelial 
cells and 
hepatocytes 

F: Female; Male: M; HCV: Hepatitis C virus; NIV: Non-invasive ventilation; ECMO: Extracorporeal membrane oxygenation; COVID-19: Coronavirus disease 2019; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; ISH: 
In situ hybridization; MOF: Multi-organ failure; PCR: Polymerase chain reaction; TEM: Transmission electron microscopy; NR: Not reported; IHC: Immunohistochemistry.

to 3220 g.

Microscopic results
Microscopic results were described in 983 (99%) cases. The two most frequent findings were congestion, 
in 420 cases, and steatosis, in 409 cases. Four cases were described as normal. All findings are described 
in Table 3.

Cause of death
Cause of death was reported for 440 (44%) cases. The most frequent cause of death was respiratory 
failure in COVID-19, seen in 355 (81%) cases, followed by multi-organ failure in 33 cases, cardiovascular 
failure in 22, pulmonary thrombosis in 11, and sepsis in 8. The remaining 11 cases died respectively of 
hemorrhagic shock (3 cases), acute liver failure (2 cases), acute mesenteric ischemia (2 cases), 
bronchopneumonia (2 cases), and one case each of cardiac tamponade and multiple injuries.

Virus search
The search for the presence of SARS-CoV-2 was performed in only 162 (16%) cases. Of these 105 were 
tested by real-time reverse-transcription polymerase chain reaction (RT-PCR) and found positive in 53 
cases, 34 cases were tested by immunohistochemistry (IHC) and all found negative, 28 were tested by in 
situ hybridization (ISH) and found negative in all cases, and lastly, 16 were tested by transmission 
electron microscopy and found positive in 2 cases.
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Table 2 Laboratory findings

Laboratory findings Mean (UI/L) Range (UI/L)

Admission values (n = 53)

AST 58 12-760

ALT 34 7-229

Peak values (n = 64)

AST 868 15-24176

ALT 509 10-9961

Non specified

AST (n = 61) 202 17-6000

ALT (n = 51) 209 11-4885

AST: Aspartate aminotransferase; ALT: Alanine aminotransferase.

Table 3 Microscopic findings

Microscopic findings n (%)

Hepatic necrosis 190 (19)

Hepatic inflammation 190 (19)

Portal inflammation 178 (18)

Fibrosis 149 (15)

Microthrombi 121 (12)

Cholestasis 114 (11)

Hemophagocytosis 51 (5)

Bile plugs 2 (0.2)

Endotheliitis 7 (0.7)

Autolysis 20 (2)

Iron overload 5 (0.5)

Other (abscess, ductal proliferation and granulomatosis) 15 (1.5)

DISCUSSION
A total of 994 autopsy cases of COVID-19 patients with liver assessment were found in the literature. As 
expected, more than half of the deceased were males and age distribution was highly variable, with a 
predominance of subjects in the age group 60-90 (71.1%).

Pre-existing liver disease was rare (6%-literature data shows a frequency of 2%-11%), with only 16.2% 
of the cases presenting obesity (BMI > 30 kg/m2)[7]. Obesity, in association with diabetes and 
hypertension, is a prominent risk factor for severe disease and could predispose to nonalcoholic fatty 
liver disease (NAFLD), a metabolic syndrome which is known to suppress the pro-inflammatory M1 
macrophages favoring the progression of virus infection[2,8,11]. NAFLD seems to be identified with a 
higher prevalence in patients with severe COVID-19 and predisposes to higher liver enzymes at 
admission and at discharge[59]. To date the fact that pre-existing liver disease is an independent risk 
factor for poor outcome is still debated; for some authors patients with liver diseases are not over-
represented in hospital casuistry[4,60-62], while for others the presence of a pre-exiting illness is index 
of a greater probability of a bad outcome[7,63-65]. This does not count in the case of cirrhosis, seen in 
only 1% in this review, which is known to be an important predictor of mortality, with a mortality rate 
of 31%[2,61]. It appears that in the case of cirrhosis those who survive the first insult have a re-
admission rate in hospital similar to those with cirrhosis, but without COVID-19, indicating that beyond 
the acute phase SARS-CoV-2 does not change the natural history of the disease[4]. There are currently 
few data regarding the mortality rate associated with alcohol liver disease as an independent risk factor, 
mainly related to the difficulties of correlating liver damage or elevation of liver enzymes to alcohol 
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Figure 1 Age distribution.

consumption. To date, it seems that alcohol liver disease increases the mortality risk by 1.8 fold[61].
Laboratory findings have not been collected in a homogeneous way, with 27 papers not reporting any 

data, 5 reporting AST and ALT values at admission, and 8 reporting the maximum values during 
hospitalization, and 4 reports for AST and 5 papers for ALT described the laboratory values without 
specifying the timing of the sampling. Abnormal values, without specifying the laboratory values, were 
described in 5 articles. From literature data it appears that liver enzyme abnormalities have a wide 
range, occurring in 14%-76% of the cases[4,5,7,11,66]. This great range, as Marjot et al[4] pointed out, 
could be attributed to different limits of the definition of normal values. It is still debated whether 
elevated liver enzymes are associated with a greater risk of mortality, because patients with worst 
outcomes tend to be monitored in intensive care units, while those with mild symptoms are not strictly 
monitored. Thus, the use of abnormal laboratory findings at admission as a predictor of poor outcome is 
still not sure. Liver enzyme elevation mainly affects AST and ALT, indicating hepatocellular damage 
rather than cholestatic, despite a greater expression of ACE2 receptor in cholangiocytes[3]. As the study 
of Wong et al[67] pointed out, the odd ratio of elevated AST and ALT levels in COVID-19 patients is 3.4 
and 2.5, respectively.

Due to the presence of such fragmented laboratory data, it is difficult to draw conclusions about the 
trend of laboratory values during hospitalization, although some authors have found a tendency of 
increased values during hospitalization, in particular in those in critical conditions[9,11,12,68,69]. 
Whether enzyme elevation is induced directly by the virus or because of the inflammation, congestion, 
or medications is still not clear. Certainly, many of the drugs used in COVID-19 positive patients turn 
out to be hepatotoxic such as hydroxychloroquine and antivirals such as ritonavir, lopinavir, and 
remdesivir[8,66]. The meta-analysis by Wong et al[67] and Cai et al[66] suggests that liver injury is 
higher in studies with high usage of lopinavir/ritonavir, despite that their hepatotoxic role is still to be 
described in patients without pre-existing liver disease, while there was no evidence of a higher risk of 
liver injury for those treated with antibiotics, nonsteroidal anti-inflammatory drugs, ribavirin, herbal 
medications, and interferon.

The literature review highlighted the presence of a great discrepancy in the autopsy protocols, with 
only half of the autopsies performed as complete (full autopsies), while the other half as partial. 
Macroscopic evaluation of the liver was not frequent, while microscopic assessment was present in 
almost every case (99%). As expected, congestion and steatosis were the most frequent findings. The 
congestion can be traced back to the presence in these patients of cardiovascular dysfunction due to the 
massive inflammation and cytokine storm linked to the infection. The presence of steatosis needs a more 
complex analysis; lipid accumulation due to SARS-CoV-2 has to be differentiated from pre-existing 
modifications, typical of patient with metabolic syndrome. COVID-19 lipid accumulation can be 
explained because of the cytopathic effect of the coronavirus, which induces endoplasmatic stress and 
lipogenesis[2]. Transcriptomic profiling of COVID-19 patients by Wanner et al[5] demonstrated an 
upregulation of cellular processes involved in lipid/cholesterol synthesis. Furthermore, corticosteroid 
therapy, widely used in the treatment of COVID-19, is known to be associated with steatosis or 
glycogenosis[2].

Hepatic necrosis and inflammation can be multifactorial; they can be induced by a cytopathic direct 
effect of the virus, because of inflammatory storm or hypoxic hepatitis, or may be drug induced. These 
hepatic changes are the third most frequent finding in liver autopsies of COVID-19 patients[70]. Differ-
entiating the different causes from a pathological point of view is impossible, also in consideration of 
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Figure 2 Immunohistochemical staining for severe acute respiratory syndrome coronavirus 2 in liver tissue. A and B: Spot localization of virus 
in samples of initial hepatic necrosis and in Kupffer cells; C and D: Spot localization of isolated ductular and endothelial cells (mouse, GeneTex GTX632604, 1A9 
clone, 1:100).

the fact that they can overlap one another. In addition, patients with pre-existing liver diseases, such as 
chronic liver disease, have an increased risk of drug-induced hepatic damage, therefore in those patients 
the use of hepatotoxic treatments should be weighted. Liver damage in critically ill patients is known 
and is linked to the so-called hypoxic hepatitis, which is caused by underlying cardiac dysfunction and 
respiratory failure that decrease the blood flow and oxygenation inducing cellular stress. Moreover, 
damage could even be mediated by reperfusion, which promotes the production of reactive oxygen 
species, leading to damage. This process can be highlighted in some cases as a picture of endotheliitis[2,
3,11]. Massive inflammation is common in COVID-19 patients and macrophage activation is evidenced 
by the presence of hemophagocytosis in liver tissue.

Unlike what is reported by Marjot et al[4], the frequency of thrombotic phenomena of the hepatic 
vascular tree is lower, with 12% of cases instead of 29%. As Kleiner[70] noted, death could occur long 
after the acute phase of liver damage, so the histological changes do not always represent a reliable 
image of what happened in acute damage, but are the result of damage and reparative modifications. 
Therefore, to better understand the acute damage, it could be of help to perform a liver biopsy in 
patients with liver damage. Obviously, it is understood that the execution of such an invasive 
examination is not a priority in the treatment of these patients, but it could be performed in those cases 
where the hepatic injury dominates the clinical picture.

Despite the presence of hepatic injury, the presence of SARS-CoV-2 in the liver has been sought 
infrequently (16% of the cases). Most studies have exploited the RT-PCR to search for the viral genome, 
but only a few have applied other techniques (IHC, ISH, and transmission electron microscopy) to 
identify the cells in which the viral proteins were expressed (Figure 2A and B). It is not surprising that 
by using RT-PCR a greater number of cases resulted positive, because this type of analysis uses a 
homogenized tissue, which also contains vessels and immunity cells. However, the few available data 
allow us to confirm the fact that the virus can be found mainly in Kupffer cells, endothelial cells of 
centrolobulare veins, and cholangiocytes (Figure 2C and D). Note that Wanner et al[5] demonstrated 
that, when comparing the levels of SARS-CoV-2 RNA copies per cell between airway samples and 
autopsy livers biopsies, the levels of RNA show similar ranges, but with lower median RNA in liver 
specimens.

CONCLUSION
Postmortem investigations remain the gold standard to investigate the effects of SARS-CoV-2 in 
different organs and apparatuses. It is well known that the absence of postmortem investigations in the 
first wave of the pandemic has failed to provide a valuable contribution to the correct management and 
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treatment of patients. On the other hand, the execution of clinical and forensic autopsies has disclosed 
several important aspects of the disease, clarifying morphological and virologic features and promoting 
unexplored therapeutic approaches and new frontiers of research[71-74]. Despite the limited number of 
performed autopsies worldwide, to date there is no doubt that the liver is a target for the virus, despite 
minimal viral receptor expression. However, liver damage is not always directly linked to the action of 
the virus, but can be secondary to inflammation or even simply caused by the therapy administered 
during hospitalization. Therefore, it is important to monitor patients who use hepatotoxic drugs, to 
avoid worsening of the liver functions, which can affect the patient’s outcome.

ARTICLE HIGHLIGHTS
Research background
Hepatic histologic manifestations of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
infection are far to be completely investigated. Many authors demonstrated the presence of angiotensin 
converting enzyme 2 receptor in the liver as well as transmembrane serine protease 2.

Research motivation
Liver injury was demonstrated in 14%-53% of cases of patients with SARS-CoV-2 infection. In the first 
wave of the pandemic few autopsies were performed and only few authors can provide a wide casistic. 
Authors started to study the histologic manifestations of coronavirus disease 2019 (COVID-19) in the 
lungs, heart, and liver, too.

Research objectives
The objectives of the study were to summarize the biochemical and histological changes in the liver and 
to promote the leading role of autopsy in the pandemic.

Research methods
Authors provide a systematic review focusing on autopsy studies of COVID-19 deaths and in particular 
on liver pathology.

Research results
Forty-six articles corresponding to the inclusion criteria were included, with only 994 autopsy cases of 
COVID-19 patients. Congestion and steatosis were the main histopathological findings, followed by 
hepatic necrosis, hepatic and portal inflammation, and fibrosis. The most frequent cause of death was 
respiratory failure, pulmonary thrombosis, and sepsis. Acute liver failure was indicated as the cause of 
death in two cases.

Research conclusions
The review of the literature highlighted the presence of a great discrepancy in the autopsy protocols, 
with only half of the autopsies performed as complete (full autopsies), while the other half as partial. 
Macroscopic and microscopic evaluation of the liver was not always performed or described. Despite 
the presence of hepatic injury, the presence of SARS-CoV-2 in the liver has been sought infrequently 
(16% of the cases).

Research perspectives
Much more effort needs to be addressed to completely investigate liver toxicity from COVID-19. 
Autopsies had a leading role during the pandemic and were important to understand the 
physiopathology of SARS-CoV-2 infection and should be always considered to improve scientific 
research.
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