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Liver test abnormalities are frequently observed in patients with coronavirus disease 2019 (COVID-19) and are associ-
ated with worse prognosis. However, information is limited about pathological changes in the liver in this infection,
so the mechanism of liver injury is unclear. Here we describe liver histopathology and clinical correlates of 27 patients
who died of COVID-19 in Manaus, Brazil. There was a high prevalence of liver injury (elevated alanine aminotrans-
ferase and aspartate aminotransferase in 44% and 48% of patients, respectively) in these patients. Histological analysis
showed sinusoidal congestion and ischemic necrosis in more than 85% of the cases, but these appeared to be second-
ary to systemic rather than intrahepatic thrombotic events, as only 14% and 22% of samples were positive for CD61
(marker of platelet activation) and C4d (activated complement factor), respectively. Furthermore, the extent of these
vascular findings did not correlate with the extent of transaminase elevations. Steatosis was present in 63% of patients,
and portal inflammation was present in 52%. In most cases, hepatocytes expressed angiotensin-converting enzyme 2
(ACE2), which is responsible for binding and entry of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
even though this ectoenzyme was minimally expressed on hepatocytes in normal controls. However, SARS-CoV-2
staining was not observed. Most hepatocytes also expressed inositol 1,4,5-triphosphate receptor 3 (ITPR3), a calcium
channel that becomes expressed in acute liver injury. Conclusion: The hepatocellular injury that commonly occurs in
patients with severe COVID-19 is not due to the vascular events that contribute to pulmonary or cardiac damage.
However, new expression of ACE2 and ITPR3 with concomitant inflammation and steatosis suggests that liver in-
jury may result from inflammation, metabolic abnormalities, and perhaps direct viral injury. (Hepatology Communications
2022;6:270-280).

s of April 2021, there have been nearly 150 over 3 million deaths."”’ The United States and Brazil
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two countries also account for nearly 1 million of the
deaths associated with COVID-19. Although severe
acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), the virus responsible for COVID-19, is
primarily known for its respiratory complications,
extra-pulmonary effects have been well described.?
A number of studies have found that patients with
COVID-19 have abnormal liver tests, most com-
monly serum aspartate aminotransferase (AST) and
alanine aminotransferase (ALT) elevations, with prev-
alence ranging from 14.9% to 76.3% among different
cohorts®”) Abnormal liver tests are also associated
with poorer outcomes in }Jatients hospitalized with
COVID-19 symptoms.(4’7 Several mechanisms of
liver injury have been proposed, including inflamma-
tion related to cytokine storm, hepatic ischemia, direct
viral injury, and drug-induced liver injury, but the eti-
ology remains unclear.®

A number of studies have examined the histo-
pathological effects of COVID-19 on the respiratory
tract, but few have specifically examined the impact
@19 5 part because of limited tissue
availability. Much of the existing literature is based on
reports of small case series, 112 although a few larger

on the liver,
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case series have been published as well.>1% In those
reports, histological findings included vascular dam-
age, necrotic cell death, steatosis, and portal inflam-
mation. Here, we report the histological findings of
postmortem liver specimens for 27 patients who died
of COVID-19 in Manaus, Brazil. To gain insight
about the basis for the pathological findings, these
have been correlated with liver tests. We also exam-
ined immunostaining for SARS-CoV-2, angiotensin
converting enzyme 2 (ACE2), which is thought to be
the point of entry of the virus into cells,* and the
type 3 inositol trisphosphate receptor (ITPR3), which
increases in acute hepatocellular injury and may relate

to the nature of the response to injury.”'®

Methods

STUDY DESIGN AND
PARTICIPANTS
Following internal review board approval

(NCT04323527), liver specimens were obtained post-

mortem from 27 patients at a single center in Manaus,
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Brazil, who were hospitalized between March 23 and
May 18, 2020, after testing positive for SARs-CoV-2
through quantitative real-time polymerase chain reac-
tion (PCR). Liver specimens of approximately 1 cm®
were obtained from multiple sites during necropsy
and fixed in neutral buffered formalin and embed-
ded in paraffin. Initial histopathological analysis was
performed on hematoxylin and eosin or Masson’s
trichrome—stained slices. Activated coagulation and
platelet aggregation were evaluated by immunohisto-
chemistry for complement C4 (C4d), complement C5
(C5d), and integrin beta 3 (CD61). Presence of viral
particles in liver tissue was assessed by immunohisto-
chemistry for SARS-CoV-2 spike protein as well as
expression of ACE2, the putative receptor for SARS-
CoV-2.1% Slides were reviewed by two liver pathol-
ogists and scored according to the degree of steatosis,
the presence of congestion, inflammation (portal or
lobular), portal vein dilatation, or fibrosis using a scale
from 0 (absent) to 3 (maximum). Ischemic necrosis
was identified histologically as extensive centrilobular
necrosis. Normal controls were liver-tissue samples
obtained from resections of patients with colon cancer.

Demographics and clinical data were obtained
from chart review and included age at admission, sex,
body mass index (BMI), oxygen saturation at hospi-
tal admission, diabetes status, use of mechanical ven-
tilation, prior and current medication history, serum
tests of liver function (ALT, AST, and total bilirubin),
hemoglobin, and white blood cell (WBC) count with

differential, platelets, and creatinine.

STATISTICAL METHODS

Summary statistics were calculated for patholog-
ical findings and clinical laboratory findings. Mean,
SD, median, and range were reported for quantita-
tive variables; counts and percentages were reported
for categorical variables. Spearman’s rank correlation
test was used to evaluate correlations between patho-
logical variables and clinical/lab findings. Pathological
variables (original scale 0-3) were dichotomized as 0
versus 1+, and associations with clinical variables were
explored using Student # test and Wilcoxon rank-sum
test.
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Results

Demographics and clinical characteristics, includ-
ing laboratory findings of all patients, are summarized
in Tables 1 and 2, respectively. Of the 27 patients, the
mean age was 59 years, 7 (25.9%) were female, the
mean BMI was 27.3 (range 21.5-37.7), and 22.2%
had diabetes mellitus (DM). The mean pulse oximetry
was 94% (range 69-100) following admission, and all
patients required supplemental oxygen within the first
day of hospitalization. Of those, 87% received mechan-
ical ventilation. In terms of medications administered
starting at day 1 of hospitalization, 48.4% and 19.3%
of patients received vasopressors and ACE inhibitors,
respectively. Most hospitalized individuals received
antibiotics (65.4%) and antivirals (71%).

Median liver test values were 59.1 (range 29.3-
343.0) for AST, 50.8 (range 22.1-533.3) for ALT, and
1.13 (range 0.28-3.08) for bilirubin. Median WBC
was 11.07 (range 5.19-31.95), and median platelet
count was 180.5 (range 25.0-437.0). Most patients
(80.7%) experienced kidney injury with median cre-
atinine of 2.58 mg/dL (range 0.64-16.10) (Table 2).

Most liver specimens had evidence of conges-
tion (n = 23; 85.2%) and ischemic necrosis (n = 26;
96.3%), whereas 17 (63%) had steatosis, of which 5
demonstrated moderate or severe steatosis (Fig. 1).
Significant fibrosis was less common and was only
observed in 8 (31%) of the specimens. Portal vein
dilatation was seen in 19 (70%) patients. Fourteen
patients (52%) had portal inflammation, whereas
only 2 (7.4%) had lobular inflammation, suggest-
ing that the COVID-19 infection is associated with
hepatic inflammation in over half of these patients
(Fig. 1).

Next, we investigated potential relationships
between selected clinical and histological findings
in this group of patients (Table 3). Neither isch-
emic necrosis, congestion, steatosis, nor inflammation
were correlated with transaminase elevations, despite
the fact that each of these histological findings were
present in over half of the patients. Similarly, these
histologic findings did not correlate with neutro-
phil count, lymphocyte count, or BMI, even though
each of those clinical parameters has been related to
outcomes in patients with COVID-19.%4") In fact,
Spearman’s rank correlation analysis revealed that the
only laboratory values significantly associated with

histological findings (highlighted in blue in Table 3)
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TABLE 1. CLINICAL CHARACTERISTICS OF ALL
PATIENTS

Characteristic

All Patients

n=27 (100%)

Baseline and demographics
Age (years), mean (range)
Sex

BMI, mean (range)

Comorbidities

Obesity (%)

DM (%)

Symptoms and hospital course

0, saturation at admission

Supplemental O, (%)

Invasive mechanical ventilation

Previous medications received
ACE inhibitor

Captopril

Enalopril/hydrochlorothiazide

Antiarrhythmic
Amiodarone

Antibiotics
Amoxicillin
Azithromycin
Ceffriaxone
Cephalexin
Cephepime
Clarithromycin
Clindamycin

Piperacillin/tazobactam

Vancomycin
Antiretrovirals
Immunobiologics

Bronchodilators (fenoterol, ipratropium,

aminophylline)
[buprofen
Statin (simvastatin)
Steroids (hydrocortisone)

Medications received during day 1

ACE inhibitor (captopril)

Antibiotics
Amoxicillin
Azithromycin
Ceftriaxone
Cephalexin
Cephepime
Clarithromycin
Clindamycin

Piperacillin/tazobactam

Vancomycin

59 (20-80)

7 females

20 males
27.3(21.5-37.7)

7(25.9)
6(22.2)

94 (69-100)
27 (100)
23(85.2)

6(22.2)
5(18.5)
13.7)

13.7)

2(7.4)
15 (55.5)
20 (74.1)

13.7)

13.7)
6(22.2)

13.7)

13.7)

13.7)

0(0)
0(0)
13.7)

13.7)
13.7)
13.7)

2(7.4)
27 (100)
0(0)
22 (81.5)
0(0)
0(0)
0(0)
4(14.8)
13.7)
13.7)
0(0)
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TABLE 1. Continued

All Patients
Characteristic n=27 (100%)
Anticoagulation 18 (66.7)
Enoxaparin 15 (55.5)
Heparin 4(14.8)
Antivirals (Tamiflu) 22 (81.5)
Bronchodilators 0(0)
Insulin 3(11.1)
Steroids 4(14.8)
Hydrocortisone 2(7.4)
Prednisone 1@3.7)
Methylprednisone 1@3.7)
Vasopressors 14 (51.8)
Dobutamine 0(0)
Dopamine 0(0)
Norepinephrine 14 (51.8)
Laboratory values, mean (range)/number
AST (units/L) 92.2 (29.3-343)/13
ALT (IU/L) 100.61 (22.1-633.3)/15
Total bilirubin (mg/dL) 1.13 (0.15-3.08)/14
Hemoglobin (g/dL) 11.0 (6.2-14.5)/27
Platelets (10%/uL) 217.8 (25-437)/27
Leukocytes (10%/uL) 12.4 (5.2-32.0)/27
Creatinine (mg/dL) 3.7 (0.63-16.3)/27

were ALT (correlation = 0.77, P = 0.0008) and AST
(correlation = 0.63, P = 0.0166), which were positively
correlated with the presence of fibrosis, seen in only
one-third of specimens.

Because most of the specimens had histological
evidence of congestion and portal vein dilatation,
but not other vascular alterations such as sinusoidal
edema, hemorrhage, or endothelial lifting/denudation,
we next investigated whether COVID-19 infection
was associated with coagulation activation in the liver.
Expression of C4d and C5d were assessed by immu-
nohistochemistry as markers of activation of coagu-
lation within the liver vasculature. CD61 expression
was used as an indicator of local platelet activation.
C4d staining, a marker of complement activation, was
present in 6 (22%) samples (Fig. 2). A second marker
of coagulation activation, C5d, was not detected in
any of the specimens (not shown). Expression of both
coagulation markers was present in positive control
specimens from a kidney transplant rejection allograft
(Fig. 2). Expression of CD61 was observed in only 4
(14.8%) of the liver-tissue samples (Fig. 2). Together,
these results demonstrate that SARS-CoV-2 infection
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TABLE 2. HISTOLOGICAL CHARACTERISTICS OF

ALL PATIENTS
Pathology
Steatosis 27 of 27
Grade 0 10 of 27
Grade 1 10 of 27
Grade 2 6 of 27
Grade 3 1 of 27
Portal inflammation 27 of 27
Grade 0 13 of 27
Grade 1 12 of 27
Grade 2 2 of 27
Lobular inflammation 27 of 27
Grade 0 25 of 27
Grade 1 2 of 27
Congestion 27 of 27
Grade 0 4 0f 27
Grade 1 12 of 27
Grade 2 50f 27
Grade 3 60of 27
Ischemic necrosis 27 of 27
Grade 0 1 of 27
Grade 1 90of 27
Grade 2 12 of 27
Grade 3 50f27
Fibrosis 27 of 27
Grade O 18 of 27
Grade 1 6 of 27
Grade 2 3of 27

does not routinely induce local activation of coagu-
lation cascades and thrombotic events in the liver.
This in turn suggests that the sinusoidal conges-
tion observed in most of the samples is likely due to
extrahepatic vascular events typical of serious SARS-
CoV-2 infection.

Evidence from both genomic analysis of viral parti-
cles and structural data suggests that the ectoenzyme
ACE2 mediates internalization of SARS-CoV-2 into
human cells.?*?% Thus, we analyzed the expression of
ACE2 in liver specimens of patients with COVID-19.
A previous study suggested that ACE2 is present in
cholangiocytes but absent in hepatocytes of healthy
individuals.?V However, our results indicate that
ACE2 was minimally expressed in both hepatocytes
and cholangiocytes in control livers (Fig. 3). In con-
trast, ACE2 expression was significantly (P < 0.0001)
increased in both of these epithelial cell types in
our cohort of patients with COVID-19 (Fig. 3). To
determine whether SARS-CoV-2 actually enters
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hepatocytes or cholangiocytes, liver samples were
stained with serum against SARS-CoV-2 spike pro-
tein, and a lung specimen of an infected patient was
used as a positive control. Although the alveolar cells
in the lung were labeled by this, none of the liver
specimens demonstrate specific staining for the spike
protein (Fig. 3). Thus, although ACE2 expression is
increased in both hepatocytes and cholangiocytes in
this cohort of patients with COVID-19, the findings
do not provide evidence for viral entry into either of
these liver cell types.

Finally, we examined whether hepatocytes expressed
ITPR3 in this cohort of patients with COVID-19.
This
expressed in hepatocytes under normal conditions,
as previously shown by immunohistochemistry stud-
ies of histologically normal liver adjacent to resected
colorectal cancer metastasis.*? However, it becomes
expressed in response to hepatocellular damage, both
during acute types of liver injury such as ischemia-
reperfusion injury™® and yellow fever infection,”
and during chronic types of liver injury such as
chronic viral hepatitis, alcohol-associated liver disease,
and nonalcoholic steatohepatitis.(zz) Here, we found
that each of 10 patients with COVID-19 in whom
this was examined had mild but consistent ITPR3
staining in their hepatocytes (Fig. 4). This provides
supportive evidence that hepatocellular injury rou-
tinely occurs in such patients.

intracellular calcium release channel is not

Discussion

Liver-test abnormalities are a frequent occurrence in
patients with COVID-19. In cohorts ranging from 12
to 1,827 patients, liver tests at admission were reported
to be elevated in 40%-66.9% (AST) and 41.6%-67.5%
(ALT) of patients, respectively.(4) Moreover, elevated
AST and ALT are associated with a poorer prognosis
in hospitalized patients with COVID-19. Postmortem
liver histology of SARS-CoV-2-infected patients sug-
gested that lobular inflammation, vascular alterations,
and steatosis are the main histological findings."*'¥
Here, we described clinical and histological correlates
of liver pathology in 27 patients who died with con-
firmed COVID-19 disease. Our results corroborate
the finding that vascular congestion in the liver is
seen in most cases,™® although two separate studies
found this to be less common.**¥ The current work
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FIG. 1. COVID-19 infection is associated with ischemic necrosis, congestion, steatosis, and portal inflammation in most patients. (A)
Representative hematoxylin and eosin staining of a liver section demonstrates areas of necrosis as evidenced by the uniform cytosolic
staining and absence of nuclei. This pattern was observed in 26 of 27 patients. A magnified view of the dotted square area is shown in the
inset below. The bottom panel and inset show an area not affected by necrosis, as demonstrated by the light eosin staining and presence
of normal-sized nuclei. (B) Masson’s trichrome staining shows diffuse blood retention and congestion in liver sinusoids (inset). This was
observed in 23 of 27 patients. (C) Areas of macrovesicular steatosis, as highlighted by the typical round negative images, in the liver of a
representative patient with COVID-19. This was observed in 17 of 27 patients. Representative area of portal inflammation, as shown by
the presence of inflammatory infiltrate surrounding portal tracts, were similarly observed (inset) in 14 of 27 patients. Scale bar, 100 pm.

extends previous observations by noting that CD61
and C4d labeling usually are absent, indicating a lack
of locally activated coagulation factors and platelet
aggregation within the liver. Although a local CD61
positivity of about 40%® has been recently reported,
our results reinforce the idea that vascular events
observed in the liver of infected patients are likely
due to the well-documented systemic coagulopathy of

COVID-19 disease, which is characterized by throm-
bocytopenia and increased D-dimer levels as well as
different degrees of thrombosis, affecting vessels rang-
o f 1 L i )
ing from small to large capacity in multiple organs.

Alternatively, our results suggest that liver vascular
alterations are secondary to the ischemia caused by
the cardio-respiratory dysfunction characteristic of

severe COVID-19 cases.'®”
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FIG. 2. Expression of activated coagulation factors is uncommon in COVID-19 liver specimens. (A) Positive C4d immunohistochemical
staining (brown), a marker of activated complement cascade, was observed in 22% of the liver samples from patients with COVID-19.
(B) Positive staining for CD61 was detected in 14% of the 27 COVID-19 liver samples. Light brown staining (arrows in the inset) is
seen along the sinusoidal walls. Scale bar, 100 pm. Positive CD61 was present in control samples of kidney tissue (data not shown). (C)
Positive control staining for C4d in kidney tissue from a transplant rejection allograft. (D) Cd5 positive staining was similarly found in
kidney tissue from the same patient.

Our data failed to identify SARS-CoV-2 in liver
cells of infected individuals. This is in contrast to find-
ings that SARS-CoV-2 is present in most liver speci-
mens, which was examined by iz situ hybridization™
as well as by PCR.M It is possible that those molec-
ular methods may have been more sensitive than the
immunochemistry used in this study. Alternatively,
methods such as PCR do not provide spatial infor-
mation, so it is possible that the virus detected by that
approach was not localized to hepatocytes. One key
factor related to the presence of the virus in parenchy-
mal cells of the liver is the expression of the receptor
for the virus, the transmembrane protein ACE2. We
detected ACE2 in both hepatocytes and cholangio-
cytes in infected SARS-Cov-2 specimens, but min-
imal to no expression in normal tissues. This is in
partial agreement with data from normal liver tissues
that reported no ACE2 expression in hepatocytes.*
However, contrary to our findings, that report also
found significant expression of ACE2 in cholangio-
cytes and endothelial cells. This discrepancy might be
attributed to differences in ACE2 expression between

healthy liver tissues and liver samples from patient
with COVID-19. The finding that ACE2 becomes
expressed in the liver of patients with COVID-19 also
may explain why SARS-CoV-2 can become detect-
able in the liver in these patients,m’m albeit at levels
below what can be appreciated by immunochemistry.
Another potential factor affecting ACE2 expression
is the use of ACE blockers. For example, use of ACE
blockers has been shown to increase ACE2 expres-
sion in epithelial cells of the small intestine.®® In the
liver, the use of ACE blockers appears to potentiate
the fibrosis-associated increase in ACE2 expression
in stellate cells. Nonetheless, the samples used here to
evaluate ACE2 expression were all from patients who
were not taking any ACE blocker medication.

We also were not able to appreciate any signifi-
cant bile duct injury in this study, as demonstrated by
the absence of epithelial degeneration around biliary
structures, further suggesting that cholangiocytes are
not directly targeted by SARS-CoV-2. However, this
topic requires more investigation, as bile duct organ-

oids are susceptible to infection by SARS-CoV-2 in
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FIG.3. ACE2 is present but SARS-CoV-2 Spike protein is not detected in livers of patients with COVID-19. (A) Immunohistochemistry
from representative liver specimens shows that expression of ACE2, the receptor for SARS-CoV-2, is increased in our cohort of
COVID-19 liver samples (left), relative to a histologically normal control (right). Scale bar, 20 pm. (B) Quantitative analysis shows
that ACE2 expression is increased in both hepatocytes and cholangiocytes; *P < 0.0001. Measurements were made in a blinded fashion
in 18-21 microscopic fields from each of 5 separate patients with COVID-19 and in nine fields from each of 3 separate controls.
(C) Immunohistochemistry shows absence of SARS-CoV-2 spike protein in a representative liver sample of a patient with COVID-19
patient. Scale bar, 100 pm. In contrast, staining was detected in alveolar cells (arrows) in a lung sample from one of the patients, which was

used as a positive control (right). Scale bar, 20 pm.
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FIG. 4. Hepatocytes express ITPR3 in COVID-19 liver specimens. (A) ITPR3 staining was not observed in hepatocytes in histologically
normal controls. Note that ITPR3 staining is present in normal bile ducts (inset), which serves as a positive control for the stain. (B) In
contrast, positive ITPR3 staining (brown) in hepatocytes was observed in each of 10 liver samples from patients with COVID-19. Scale

bar, 20 pm.
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vitro.?”) Moreover, a recent report in 3 patients has Another frequent histological finding was the pres-
suggested that prolonged cholangiopathy may occur ence of steatosis, observed in 63% of the 27 cases in
tollowing recovery from COVID-19.2% this study. This finding was observed in most patients

in two additional case series(13’14); however, it was
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less frequent (30%) in a third autopsy report.?¥
Notably, in our study, the presence of steatosis did
not correlate with the presence of obesity or DM, two
well-established co-morbidities in fatty liver disease.
Moreover, this incidence of steatosis is appreciably
higher than that reported in larger cohorts in Latin
America and Brazil.?**” This raises the possibility
that fat accumulation could be due to other factors
operating either before or during the infection by
SARS-CoV-2. Alcohol consumption could explain the
presence of steatosis in some of the livers. However,
no specimens had any additional histological evidence
of alcohol-associated steatohepatitis, and previous his-
tory of alcohol consumption was not available from
the charts. Medications such as steroids could also
contribute to fat accumulation in the liver, but only a
minority of the patients (n = 4; 14.8%) were adminis-
tered these drugs either before or during hospitaliza-
tion. History of viral hepatitis infection (hepatitis B
or hepatitis C) could also account for the steatosis in
our cohort, but these data were not available. A direct
effect of SARS-CoV-2 in inducing lipid accumula-
tion in hepatocytes is a final possibility. Hepatic lipid
accumulation occurs acutely in yellow fever infec-
tion involving the liver,m) and both SARS-CoV-2
and yellow fever are associated with new expression
of ITPR3 in hepatocytes, which alters mitochondrial
function in a way that may contribute to the develop-
ment of steatosis.’” Further studies will be needed
to understand whether this is the pathological mech-
anism linking COVID-19 infection to liver steatosis.

Over 80% of patients hospitalized for COVID-19
may have elevated transaminases, yet the reason for
this very frequently observed form of hepatocellular
injury remains unclear. Patients with COVID-19 may
receive a variety of medications, but in most cases
transaminase elevations are not related to any one
specific medication.”) The current work furthermore
provides evidence that the extent of transaminase ele-
vations is not correlated with hepatic congestion, ste-
atosis, or inflammation, which are the most common
histologic abnormalities found on autopsy.(13’14) On
the other hand, this and other™>¥ autopsy studies
provide complementary pieces of evidence to suggest
that hepatocytes may become directly infected with
SARS-CoV-2, so it is conceivable that transami-
nase elevations reflect a direct cytopathic effect of
the virus. Another intriguing observation by us and

others"™ is the frequency of steatosis in patients with

SANTANA, GUERRA, ET AL.

COVID-19, especially because we found that this his-
tological finding was not correlated with either ele-
vated BMI or the presence of DM. It is well known
that each of these two conditions increases the risk
of nonalcoholic fatty liver discase,*"
contributes to an inflammatory state.®? Our findings
raise the question of whether SARS-CoV-2 inde-
pendently leads to steatosis, which then may contrib-
ute to the cytokine storm, which is thought to lead to
worse outcomes.®> Consistent with this hypothesis is
the observation that increased transaminase is associ-
ated with worst outcomes.”Y) Further work, likely in
cell cultures and organoids, animal models, or using

which in turn

liver biopsy specimens, would be needed to under-
stand whether SARS-CoV-2 has a cytopathic effect
on hepatocytes, whether and how it induces steato-
sis, and whether either of these effects lead to release
of cytokines or other factors from hepatocytes that
have systemic effects that contribute to morbidity and

mortality.
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