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Abstract

Introduction: The coronavirus disease 2019 (COVID-19) in-
fection, caused by severe acute respiratory syndrome coro-
na virus 2 (SARS-CoV-2), involves several organs through
participation of angiotensin-conversion enzyme 2 (ACE2) re-
ceptors. The presence of ACE2 receptors in the liver renders
this organ a potential target for the novel coronavirus. Meth-
ods: We performed 14 complete autopsies of patients infect-
ed with SARS-CoV-2. In each case we stained liver tissue sec-
tions with haematoxylin/eosin, Masson blue trichrome stain,
periodic acid-Schiff (PAS), Perls, and performed cytokera-
tin-7 (CK7) immunochemistry. Results: Macroscopically, liv-
ers were pale and yellowish in 8 of 14 (57%) patients, and had
a nutmeg appearance in the other 6 cases (42%). Histologi-
cally, centrolobular necrosis was observed in 12 cases (86%),
and was associated with discreet to moderate lobular or por-
tal inflammation. Steatosis was seen in 8 cases (57%), but fi-
brosis was rare. Cholestasis and discrete bile duct prolifera-
tion was observed in 5 cases (36%). Discussion/Conclusion:
The main histological changes can be explained by the hy-

poxic status as a result of severe hypoxemic pneumonia
leading to death. Drug toxicity may also play a role in certain
cases. Other histological changes may be explained by previ-
ous hepatic conditions or underlying hepatic diseases. We
concluded that COVID-19 infection was not associated with
a specific histopathological pattern of the liver.

© 2020 S. Karger AG, Basel

Introduction

The coronavirus 2019 (COVID-19) pandemic, caused
by the severe acute respiratory syndrome corona virus 2
(SARS-CoV-2), originated in China in December 2019,
and quickly spread throughout the world [1]. Within Eu-
rope, the first patients were detected in France and Italy
[2]. The Belgian population was severely affected by the
virus [3].

From the start of the pandemic, our institution made
the decision to systematically perform complete autop-
sies on patients with a positive polymerase chain reaction
(PCR) test for SARS-CoV-2 who died in the intensive
care unit. Although autopsies remain the gold standard
for determining causes of death [4-6], very few autopsies
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have been performed in patients with COVID-19, and
only a few publications describe complete autopsies [7, 8].
The series sizes of these reports are also generally limited.
To our knowledge, only 1 autopsy study of more than 10
cases has been reported [9]. Moreover, the majority of
postmortem studies involve so-called “minimally inva-
sive autopsies,” using needle biopsies in a limited number
of patients [10].

Since the start of the pandemic, numerous studies have
described the impact of COVID-19 on different organs.
It is obvious that the lungs are the most severely affected
organs, and postmortem examinations have revealed sev-
eral cases of diffuse alveolar damage, often associated
with capillary congestion and varying degrees of acute
and chronic inflammation and edema of the bronchial
mucosa [11, 12]. The histopathological findings in the
lungs often indicate dysfunction of the blood vessels [11].
The kidneys have also been studied in great detail [13, 14].
Despite perturbations of liver enzymes in COVID-
19-positive patients [15, 16], there has only been 1 study
thus far with a focus on hepatic histopathological chang-
es [17].

In the present study, we report a series of 14 patients
deceased in the intensive care unit of our hospital. Each
patient tested positive for COVID-19 and a complete au-
topsy was performed. In this report, we have focused on,
and described, the histopathological changes in the liver,
although a complete histological study of the different or-
gans was carried out for each autopsy.

Materials and Methods

Patient Characteristics

All patients were diagnosed with COVID-19 infection at the
Cliniques Universitaires Saint-Luc, Brussels, Belgium. The diag-
nosis of COVID-19 infection was made by PCR on nasal swabs.
Informed consent for the autopsy was obtained from the family
members. Details regarding patient history and recent treatment/s
were obtained from the treating clinicians, who obtained all data
from the electronic patient files. The following data were recorded
for this study: patient age at death, all medication used during their
stay at the intensive care unit, duration of hospitalization and per-
manence at the intensive care unit, comorbidities, body mass index
(BMI), hepatic enzymes level (gamma glutamyl transferase, aspar-
tate amino transferase, and alanine amino transferase) at the time
of admission and death, and the presence of a secondary infection.
The delay between death and autopsy was noted in hours.

Autopsies and Histopathological Evaluation

The autopsies were performed using the “en bloc” sampling
technique, as previously described [18]. All autopsies were per-
formed according to the sanitary protection guidelines [19], adapt-
ed to the local institutional rules.
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For each autopsy, the liver was weighed and cut into slices of
1 cm thickness. The macroscopic features were described and in-
cluded the overall color and presence or absence of masses and
nodules. Gallbladders were, if present, incised, emptied, inspected,
and sampled. Two liver tissue samples were taken from each lobe,
fixed in buffered formalin for 24-48 h and paraffin embedded. In
each case, sections were stained with hematoxylin-eosin (HE),
Masson blue trichrome stain, Perls iron stain, and periodic acid-
Schiff (PAS). In addition, CK7 immunohistochemical staining
(monoclonal mouse, clone OV-TL12/30, from Dako, dilution
1/100, ultraview DAB detection kit from Ventana) was performed.

All slides were examined by 2 pathologists (P.B. and J.L.) using
a dual-head, light microscope.

This study has been approved by the institutional ethics com-
mittee (2020/265).

Results

Clinical Patient Characteristics

In our institution, 78 patients died from COVID-19
between March 10, 2020 and June 16, 2020. Twenty-three
patients died in the intensive care units. Among these 23
patients, only 14 autopsies were performed. For the re-
maining patients, autopsies were refused by their fami-
lies, either for religious, philosophical, or psychological
reasons.

The patient characteristics are shown in Table 1. The
study comprised 10 men and 4 women with a median of
63.2 years (range 50-83 years), and a median BMI of 32
kg/m? (range 21.4-49.8 kg/m?). Eleven patients (78.5%)
were treated with hydroxychloroquine. During hospital-
ization, only 3 patients (21.4%) did not have a secondary
bacterial infection, and therefore did not receive antibi-
otic therapy. The most frequent comorbidities were pre-
dominantly vascular (hypertension and heart disease),
but also included high BMI or obesity.

One patient (patient 13) was HIV-positive but had an
undetectable viral load for several years under triple ther-
apy (darunavir, emtricitabine, tenofovir). One patient
(patient 5) presented with non-alcoholic steatohepatitis
(NASH), and another (patient 9) had untreated hepatitis
C virus (HCV) infection. Finally, 1 patient (patient 10)
was considered cured of COVID-19 and was discharged
from intensive care, only to die 2 days later in the setting
of acute mesenteric ischemia. He had end-stage renal dis-
ease, treated with dialysis.

Only 3 patients (patients 2, 7, and 8) had important
elevation of hepatic enzymes at the moment of death.
Other patients had normal or slightly elevated hepatic en-
zymes at the time of admission and death, as shown in
Table 2.
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Table 1. Clinical characteristics of a series of 14 patients deceased after COVID-19 infection

Patient Age, Sex BMI, Main treatment Secondary infections Hospitalization =~ Death-to-
No. years kg/m? time, days autopsy
delay, h
1 83 M 21.4 Amoxicillin - 5 4
2 54 M 270 Hydroxychloroquine, ceftazidime, Pseudomonas aeruginosa 17 18
meropenem
3 73 M 25.6 Hydroxychloroquine, acetylsalicylic acid - 12 36
4 71 F 27.2 Cefuroxime, amiodarone Escherichia coli 20 4
5 54 M 37.8 Hydroxychloroquine, cefuroxime Haemophilus 24 8
6 64 M 39.8 Hydroxychloroquine, oxacillin Staphylococcus aureus 12 17
7 56 M 29.8 Hydroxychloroquine, amoxicillin, ciprofloxacin S. aureus, Haemophilus 21 73
8 5 M 39.9 Hydroxychloroquine, ceftazidime, vancomycin S. aureus 28 62
9 51 F 283 Hydroxychloroquine HCV 15 15
10 77 M 29.5 Ciprofloxacin, vancomycin Bacteroides diastonis 34 8
11 81 F 27.9 Hydroxychloroquine, cefuroxime Haemophilus 14 2.5
12 59 M 33.0 Hydroxychloroquine, oxacillin, ciprofloxacin, flucloxa- Enterobacter, HSV1, S. aureus, 36 3.5
cillin, ceftazidime, acyclovir, ganciclovir, temocillin,  Pseudomonas
vancomycin
13 50 F 49.8 Darunavir, emtricitabine, tenofovir, chloroquine, hy-  HIV, Enterobacter 52 24
droxychloroquine, Ciproxin aerogenes
14 58 M 31.0 Ciprofloxacin, vancomycin B. diastonis 42 9

BMI, body mass index; F, female; HCV, hepatitis C virus; HIV, human immunodeficiency virus; HSV1, herpes simplex virus 1; M, male.

The median length of hospital stay before death was
23.7 days (range 5-52 days).

The median time from death to autopsy was 20.2 h
(range 2.5to 73 h).

Histopathological Data of the Liver Examination

The median liver weight was 1,987.85 g (range 1,280-
3,220 g).

Macroscopically, 8 livers (57%) appeared pale and yel-
lowish upon sectioning, and 6 (42%) had a nutmeg ap-
pearance. Two livers (14%) had an indurated consistency
and appeared slightly irregular on the surface. The liver
of patient 5 harbored an indurated, whitish nodule which
was diagnosed as a well-differentiated hepatocellular car-
cinoma, not previously detected. Finally, only 1 liver pre-
sented with no macroscopic particularities.

Microscopically, we assessed the presence of necrosis,
steatosis, lobular inflammation, portal inflammation, fi-
brosis, canalicular proliferation, hemosiderin, and glyco-
gen. These results are shown in Table 3.

The Liver in COVID-19-Related Death

Table 2. Hepatic biological data of a series of 14 patients deceased
due to COVID-19 infection

Patient AST/ALT/GGT at the AST/ALT/GGT
No. moment of admission, at the moment of
U/L death, U/L
1 98/35/28 81/64/32
2 17/10/15 9,850/2,500/290
3 35/24/54 88/75/103
4 24/17/22 15/10/24
5 77146/108 43/46/105
6 188/62/36 169/71/84
7 76/58/179 24,176/7,245/180
8 77139/25 1,834/1,777/160
9 15/8/10 50/18/52
10 15/7/126 44/24/44
11 36/11/18 37/15/33
12 38/27/33 39/22/64
13 40/23/40 77/46/503
14 15/58/22 43/46/84

AST, aspartate amino transferase; ALT, alanine amino trans-
ferase; GGT, gamma glutamyl transferase.
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Table 3. Histopathological findings in the liver of a series of 14 patients deceased due to COVID-19 infection

Patient Centrilobular Steatosis Lobular Portal Fibrosis, Bile duct Cholestasis ~ Iron Findings
No. necrosis infl. inflammation  METAVIR  proliferation overload identified by
score PAS staining
1 + - + FO - + - -
2 ++/+++ + - - FO + - - -
3 +/++ + - + FO - + + CM
4 + - - +/++2 F1 + - ++ -
5 - + + ++ F3 + - - CM
6 + ++ + + F1 - + -
7 - - ++P + FO - - + -
8 ++ + ++P ++P FO + - - -
9 ++ + - ++ F2 + + - -
10 ++ - + + FO - + -
11 - + - + FO - - _ _
12 + + + + FO - - - -
13* Autolysis Autolysis Autolysis  Autolysis FoO Autolysis  Autolysis - Autolysis
14 ++ + + ++ FO - - - -

CM, ceroid macrophages. -, absent; +, mild; ++, moderate; +++, severe. * We were unable to reliably evaluate the liver of patient 13
due to the presence of extensive autolysis. * Prominent eosinophilic infiltrate. ® Prominent neurophilic infiltrate.

Two cases (14%) showed no central lobular necrosis,
while the other cases all demonstrated discrete or moder-
ate necrosis in zone 3, and sometimes in zone 2. One case
presented with severe central lobular necrosis. Steatosis
was present in 8 cases (57%) and was assessed as discrete
(5-33%) or moderate (33-66%) (Fig. 1).

Lobular and portal inflammation was present in 12
cases (86%) (Fig. 1). Notably, 2 cases had a mixed infiltra-
tion with neutrophils, and 1 case (patient 4) had a pre-
dominantly eosinophilic infiltrate in the portal region.

Fibrosis was generally absent or discrete (F1, accord-
ing to the Metavir score), with the exception of the patient
already known to have NASH.

Five specimens (36%) presented with a discrete iron
overload, and 2 contained ceroid macrophages.

Cholestasis was assessed using HE staining and CK7
immunochemistry, and it was observed in 5 cases, while
a discrete canalicular proliferation was found in a further
5 cases (36%) (Fig. 1). Vascular thrombi and endotheli-
alitis were not observed.

Discussion

The incidence of COVID-19 infection was first re-
corded in December 2019 in China and quickly proved to
be a potentially severe, pneumonia-like infection [20-
22].
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Successive studies have shown that other organs are
involved in the pathogenesis of SARS-CoV-2, including
the kidneys [13, 14, 23], the brain [24], and the cardiovas-
cular system [25].

This multi-organ involvement seems to imply the par-
ticipation of ACE2 receptors as a pathway for SARS-
CoV-2 to enter the cells [26, 27]. Since ACE2 is expressed
in the liver, and especially in the bile duct epithelial cells
[28], the liver may be a potential target organ for CO-
VID-19. The results of the histological analyses carried
out on our series of 14 cases do not, however, demon-
strate the existence of a pattern specific to liver damage
by SARS-CoV-2.

We mainly observed centrilobular necrosis, generally
discreet lobular or portal inflammation and, in 5 cases
(36%), discrete proliferation of the bile ducts. We hypoth-
esize that these observations were not specific for CO-
VID-19, and that they might indicate existing hepatic co-
morbidities.

We do not believe these lesions are attributed to direct
action of the COVID-19 infection and propose several
mechanisms that may be responsible.

The hypothesis of direct action of the virus on hepatic
cells has been raised by Li and Xiao [17]. In particular,
they describe foci of periportal and centrilobular necrosis
without significant inflammation, compatible with acute
liver damage. In our series, we observed that the necrosis
was essentially centrilobular and discrete or moderate in
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Fig. 1. Histological features of liver in SARS-CoV-2 infection. HE staining shows centrilobular necrosis (a), por-
tal inflammation (b), and steatosis (c). d CK7 immunostaining highlights bile duct proliferation.

extent. Only 1 case (patient 7) showed severe necrosis.
This necrosis was systematically associated with a dis-
creet portal or lobular inflammation, and this pattern
seems more compatible with a hypoxic origin [29] in pa-
tients with severe pneumonia, and may be the result of a
long period of hospitalization in the intensive care unit
(mean duration 23.7 days). In addition, ACE2 receptors
are more abundant in the bile ducts [17]. If the liver dam-
age was due to the direct action of the SARS-CoV-2 virus,
we would expect to observe a major cholestasis and a
greater reactive biliary proliferation. In our series, the
biliary system showed only limited inflammation. Fur-
thermore, the presence of limited lobular and portal in-
flammation observed in our series does not seem to im-
plicate a direct action of the virus on the liver. Indeed,
while these patients presented with a severe infection
with hypoxemic pneumonia, which led to their death,
liver inflammation remained very moderate, or even lim-
ited at most. We cannot prove an association between
liver inflammation and acute bacterial infection. Most
patients presented with a concomitant superinfection of

The Liver in COVID-19-Related Death

one or more pathogens, but only 2 liver specimens (pa-
tients 7 and 8) contained a mixed inflammation with
neutrophils, indicating a more active, or acute type of
hepatic inflammation.

Of note was that only 1 liver specimen (patient 4) pre-
sented with an inflammation rich in eosinophils. Patient
4 was the only patient in our series to be treated with ami-
odarone. Amiodarone-related lung injury has been de-
scribed before, but we do not have sufficient evidence to
support amiodarone-related eosinophilic hepatic inflam-
mation [30]. Although we consider this an interesting ob-
servation, more research on this topic is required.

Drug toxicity may also have played a role in the devel-
opment of liver damage. Zone 3 of the liver is preferen-
tially injured in the event of toxic damage. However, most
of the cases in this study were treated with hydroxychlo-
roquine and several antibiotics. These drugs have vari-
able, but generally low, liver toxicity when normal dos-
ages are adhered to. The hypoxia caused by severe lung
damage may, however, have weakened the resistance of
hepatocytes to toxic damage.

Pathobiology 5
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Hepatic drug toxicity is generally characterized by eo-
sinophilic inflammation and a slight degree of fibrosis.
These modifications were seen in 1 patient (patient 4). It
is therefore possible that in some cases drug and antibiot-
ics toxicity may have participated in the liver damage de-
scribed here, as suggested by Li and Xiao [17], although
we do not have objective elements allowing to confirm
this hypothesis, except in patient 4.

Liver steatosis was generally limited in extent, and
moderate in only 1 case (patient 6), who had a BMI 0f 39.8
kg/m?. It would appear that the steatosis observed in this
case had a metabolic origin and was not directly related
to the COVID-19 infection. The average BMI of the pa-
tients in our series was 32 kg/m?. In addition, the preva-
lence of non-alcoholic fatty liver disease (NAFLD) in the
general population varies between 20 and >50% [31]. It
is, therefore, not surprising to find a high prevalence of
NAFLD in an autopsy series of patients deceased after
COVID-19 infection. There is thus insufficient evidence
to favor an association of COVID-19 infection and the
development of fatty liver disease.

Finally, hepatic fibrosis was rare in our case series. A
METAVIR F3 stage of fibrosis was observed in only 1 pa-
tient, and this was presumed to be secondary to NASH.
One patient with HCV infection presented with moder-
ate (F2) fibrosis. Fibrosis is a condition that generally de-
velops after a chronic hepatic inflammation of various
origins. It is therefore unlikely that hepatic fibrosis devel-
ops at the acute stage of COVID-19 infection.

In general, the histological changes observed in this se-
ries can be explained by the clinical history of these patients.

Furthermore, we observed no significant augmenta-
tion of the hepatic enzymes during hospitalization. This
absence of biological signs of liver damage in most of the
patients is not compatible with direct action of the CO-
VID-19 infection.

Conclusion

Histological liver changes were observed in all 14 pa-
tients of this autopsy series. Central lobular necrosis
(zone 3, and in some instances, zone 2) limited to moder-
ate lobular and portal inflammation, was the most fre-
quently observed histopathological change. Nonetheless,
we hypothesize that these changes were not the result of
direct damage by the SARS-CoV-2 virus. A combination
of hypoxia caused by severe pulmonary disease and drug
toxicity seem to be a more likely cause of hepatic damage
in deceased COVID-19 patients.

6 Pathobiology
DOI: 10.1159/000512008

The hepatic fibrosis and steatosis that we observed also
appeared to be related to the underlying (often already
known) liver disease, and not a direct result of the CO-
VID-19 infection.

At present, there is no evidence for a hepatic histo-
pathological pattern specific to SARS-CoV-2 infection.
This observation seems to be consistent with the fact that
isolated acute liver failure has thus far not been described
in patients with COVID-19.
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