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Summary SARS-CoV-2 is the viral agent of COVID-19, a pandemic that surfaced in 2019. Although
predominantly a respiratory ailment, patients with COVID-19 can have gastrointestinal (GI) and hepa-
tobiliary manifestations. These manifestations are often mild and transient, but they can be severe and
consequential. In the GI tract, ischemic enterocolitis is the most common and significant consequence
of COVID-19. In the liver, the reported pathologic findings may often be related to consequences of
severe systemic viral infection, but reports of hepatitis presumed to be due to SARS-CoV-2 suggest

that direct viral infection of the liver may be a rare complication of COVID-19. In both the GI tract
and liver, lingering symptoms of GI or hepatic injury after resolution of pulmonary infection may
be part of the evolving spectrum of long COVID.

© 2022 Elsevier Inc. All rights reserved.

1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) is the viral agent responsible for coronavirus disease
2019 (COVID-19), a pandemic that surfaced in late 2019.
Although largely a respiratory illness, COVID-19 can have
extrapulmonary manifestations, including gastrointestinal
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(GI) and hepatobiliary manifestations. Most of these mani-
festations occur in the acute setting, particularly in patients
with severe disease. Others occur later in the illness,
sometimes even after recovery from COVID-19, and can be
considered within the spectrum of what is increasingly
recognized as “long-COVID,” or prolonged symptoms of
the disease. COVID-19 may also occur in patients with
preexisting GI or hepatic diseases, which has raised ques-
tions about the use of immunologic therapies in those pa-
tients, their risk of severe COVID-19, and poor outcomes. In
addition, GI or hepatic complications of COVID-19 may not
be directly related to the infection itself but may be caused
by the various therapies that are used to prevent or combat
the disease.
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2. GI and hepatobiliary manifestations of
CovID-19

2.1. Clinical findings in the GI tract

According to several studies, patients with COVID-19
often have GI manifestations. However, the exact propor-
tion varies widely in studies that have addressed this
question, ranging from 17 to 53%, with geographic dif-
ferences possibly explaining some of these disparities
[1—4]. The most common symptoms these patients expe-
rience are anorexia, diarrhea, abdominal pain, nausea, and
vomiting, although some authors do not include anorexia as
a Gl-specific symptom. In a meta-analysis of 60 studies
including 4243 patients, GI symptoms occurred in 17.6% of
patients, including 26.8% with anorexia, 12.5% with diar-
rhea, 10.2% with nausea/vomiting, and 9.2% with abdom-
inal pain [5]. Usually, GI symptoms occur in patients who
also have respiratory symptoms. In one study, GI symptoms
preceded respiratory symptoms in 13% of cases, started
concurrently in 44%, and followed other COVID-19
symptoms in 42% [3]. In some studies, 4—20% of pa-
tients present with GI symptoms only [4,6]. Those patients
who manifest only GI symptoms may have a longer time
interval between symptom onset and hospital admission
[7].

Several studies have looked at whether GI symptoms are
associated with more severe COVID-19 disease, and the
results are mixed. For example, one study found that GI
symptoms occurred in 17.1% of patients with severe dis-
ease, but in only 11.8% of patients without severe disease
[5]. A recent paper that surveyed 2222 patients found that
severe disease was more prevalent among patients who fell
into symptom clusters that included GI symptoms [8]. A
meta-analysis of 21 studies including 5285 patients found
that abdominal pain was associated with a 2.8-fold
increased risk of severe COVID-19, whereas the associa-
tion between diarrhea and severe COVID-19 was regionally
different [9]. Zheng and coinvestigators found that the risk
of clinical deterioration was higher among patients with GI
symptoms than those without [10]. However, these data are
contradicted by studies that conclude the opposite; in one
study, GI symptoms correlated with decreased levels of
circulating cytokines, decreased disease severity, and
decreased mortality [11]. A meta-analysis of 158 studies
found no difference in intensive care unit admission rates
between patients who experience GI symptoms and those
who did not [12]. A recent study [13] of 1113 patients also
did not find that GI symptoms were associated with more
severe disease or worse outcome.

Although the majority of GI symptoms that patients with
COVID-19 experience are mild, they can be severe. In one
study, 2% of patients had bloody diarrhea and 18% had GI
hemorrhage; a majority of the patients (63%) underwent
radiologic imaging or endoscopic evaluation for these

symptoms [3]. Bowel ischemia is a particularly conse-
quential complication of COVID-19 infection. These pa-
tients infrequently have a history of prior thrombosis [14].
Patients present with worsening clinical course (such as
increased vasopressor requirements and abdominal disten-
tion), increasing D-Dimer levels, and radiologic imaging
indicative of ischemic bowel with bowel distention, intes-
tinal pneumatosis, portal venous gas, and/or free abdominal
air [14—16]. Rarely, patients with COVID-19 present with
acute abdomen, with etiologies that include bowel
obstruction, bowel perforation, acute appendicitis, acute
acalculous cholecystitis, and acute pancreatitis [17,18].

Patients with digestive symptoms may have a longer
duration between symptom onset and viral clearance, and
are more likely to have a positive viral study in stool, even
after viral clearance from the respiratory tract [5,19]. The
presence of SARS-CoV-2 nucleic acid in feces from
infected patients raises the possibility that the virus may be
transmissible via the fecal-oral route, even after respiratory
symptoms subside. However, it is uncertain whether virus
shed in the feces is infectious. Viral RNA was detected in
29% of fecal samples in one study, and live virus was
confirmed by electron microscopy in 2 patients [20]. In
another study, viral RNA was detected in 53% of 73 hos-
pitalized patients [21]. Live virus was isolated in 2 of 3
RNA-positive fecal samples [22]. However, in vitro studies
have concluded that the virus is inactivated in the colon
[23].

Endoscopy in the setting of COVID-19 is often done due
to urgent indications, most often GI bleeding [24]. Exam-
inations performed within 7 days of COVID-19 onset are
more likely to show major findings [24]. Endoscopic find-
ings in patients with COVID-19 and upper GI complaints
include gastric, duodenal, or esophageal ulcers, various
patterns of inflammation, erosions, ecchymoses, or edema
[11,24—27]. One case report describes diffuse small intes-
tinal mucosal sloughing, reminiscent of graft-versus-host
disease, detected by capsule endoscopy [28]. However, a
significant number of upper GI tract examinations are
normal (29.9% in one series) [24]. Colonoscopic exami-
nation in patients with COVID-19 has shown ischemic
colopathy, nonspecific erythema, nonspecific colonic
inflammation, and ulcerative inflammatory colitis [24,27].
Negative examinations are less common in the lower GI
tract.

Importantly, not all of the findings on endoscopic ex-
amination are related to COVID-19. For example, some of
the reported gastric ulcers prove to be malignancy or Hel-
icobacter pylori, and some of the cases of ulcerating colitis
are clinically felt to be flares of inflammatory bowel disease
(IBD) [24]. Other endoscopic findings encountered in these
patients that are not clearly related to COVID-19 include
esophageal candidiasis, varices, polyps, bleeding angioec-
tasias, and malignancies [24].

The vast majority of GI manifestations of COVID-19
resolve by 3 months after hospitalization [29]. However,
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long-term functional GI disorders (referred to as Disorders
of Gut—Brain Interaction) are now being recognized,
including postinfectious irritable bowel syndrome and
dyspepsia. In one study of 280 patients with COVID-
19 [30], 8.6% had chronic bowel dysfunction, 2.1% had
dyspeptic symptoms, and 3.2% had both, 3 months after
their acute illness. At 6 months follow-up, 5.3%, 2.1%, and
1.8% still had these symptoms, respectively. Another study
[8] surveyed 108 subjects and found that 38 experienced
functional dyspepsia and 26 experienced irritable bowel
syndrome. Among subjects with at least one post—COVID-
19 disorder of gut—brain interaction, 86% reported having
had at least one GI symptom during their acute illness. This
number increased to 92% among hospitalized patients.

2.2. Clinical findings in the hepatobiliary tract

In patients with COVID-19, abnormal liver bio-
chemistries occur in 14—53% of patients, both at admission
and during hospitalization [31—33]. Typically, patients
have mild liver function test (LFT) elevations that recover
without specific treatment [31,32]. The pooled rate for
elevated aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) is estimated at 20—22.5% and
14.6—20.1%, respectively [34,35]. Although less
commonly reported, bilirubin, alkaline phosphatase (ALP),
and gamma-glutamyl transferase (GGT) are elevated in
6—21% of patients as well [34—37].

The clinical literature shows that ALT and AST eleva-
tions are more common in severe COVID-19 compared to
mild COVID-19 [38]. A retrospective observational cohort
study reported that abnormal liver tests at admission and
during hospitalization may also be associated with worse
clinical outcomes [33]. Supportive evidence is provided by
Zhang and colleagues, who reported that the majority of
fatal COVID-19 cases (up to 78%) had clinical evidence of
liver injury [39]. Given the central function of the liver in
production of albumin, acute phase reactants, and coagu-
lation factors, the high proportion of cases with liver injury
suggests that hepatic dysfunction plays a critical role in
multisystem organ dysfunction.

Rare case reports have described patients with COVID-
19 who presented with acute liver failure. Some of these
patients had or developed respiratory symptoms of acute
respiratory distress syndrome with multiorgan dysfunction
[40,41]. One woman with COVID-19 had elevated liver
biochemistries at presentation, with ALT 697 IU/L, AST
1230 TU/L, and ALP 141 TU/L [41]; this patient developed
respiratory symptoms 18 h after admission, with low oxy-
gen saturation and bilateral interstitial opacities on chest
imaging. Very rarely, patients with COVID-19 presenting
with acute liver failure do not develop respiratory disease.
Melquist and colleagues report a case of a young woman
with systemic lupus erythematosus who presented with
severe abdominal pain, nausea, and vomiting [42]. She
progressed to fulminant liver failure with encephalopathy,

without developing respiratory symptoms, and was treated
with hydroxychloroquine and methylprednisolone for
possible autoimmune etiology. Fiel and colleagues also
describe a young, previously healthy woman who presented
with nausea, vomiting, scleral icterus, and laboratory evi-
dence of acute liver injury; as she continued to oxygenate
well without radiographic evidence of lung disease, she was
not treated for COVID-19 and showed gradual improve-
ment with near normalization of liver biochemistries in the
follow-up interval [43]. Determination of the etiology of
acute liver failure for many patients with COVID-19 is
challenging because of the possibility of drug injury or
multiorgan failure in the setting of acute respiratory distress
syndrome or sepsis. However, in one case, liver tissue
demonstrated viral antigens by in situ hybridization (ISH)
[42].

Rare reports describe patients with COVID-19 devel-
oping primary liver disease during their illness, such as
autoimmune hepatitis (AIH) and primary biliary cirrhosis
[44,45]. One case report describes a patient with COVID-
19 with severe liver injury who developed secondary
hemophagocytic lymphohistiocytosis, and in whom Wilson
disease was unmasked [46].

Post—COVID-19 cholangiopathy is a form of secondary
sclerosing cholangitis in critically ill patients (SSC—CIP),
which is characterized by prolonged and marked chole-
stasis, generally lasting several months after recovery from
the initial pulmonary manifestations [47—50]. The majority
of these patients suffered from particularly severe disease,
with extensive hospital stays and subsequent rehabilitation.
A retrospective study showed that 0.6% of patients with
COVID-19 had persistent cholestatic injury, with ALP >
3% the upper limit of normal at a mean of 118 days after
diagnosis, and persisted in some patients longer than a year
[51]. Rarely, patients with persistent and severe cholestatic
disease require liver transplantation [52]; however, a small
case series suggests that most of these patients show
gradual but continual normalization of liver biochemistries
without additional intervention [50].

3. Mechanisms of GI and hepatobiliary injury

The mechanism of injury in the GI and hepatobiliary
tracts is not entirely clear and is likely multifactorial. Po-
tential mechanisms of COVID-19—associated injury
include direct consequences of viral replication, systemic
inflammatory and immune-mediated effects, vascular
changes resulting in ischemia, drug-induced injury, and
exacerbation of underlying disease.

3.1. Direct viral infection

Direct viral infection is one possible mechanism of
SARS-CoV-2—related injury in the GI tract and liver. Viral
entry into cells is mediated by binding to the angiotensin-
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converting enzyme 2 (ACE2) receptor on the cell surface
followed by S-protein activation by transmembrane prote-
ase serine 2 (TMPRSS2). The relative expression of these
proteins determines the ability of the virus to infect a
particular cell type. The ACE2 receptor is highly expressed
in GI epithelia, particularly the ileum, but also the duo-
denum, colorectum, and stomach [11,21,53—55]. Co-
expression of ACE2 receptor and TMPRSS2 occurs in in-
testinal epithelial cells [23,56].

Several studies have documented viral particles in GI
tissue, suggesting that direct infection of the GI tract
mucosa may play a role in GI injury. Viral particles have
been detected in the cytoplasm of gastric, duodenal, and
rectal glandular cells by immunofluorescence [21]. In a
study by Livanos and coauthors [11], viral nucleocapsid
protein was detected by immunofluorescence in the small
intestine in 11 of 12 patients, largely within MUC2-
positive epithelial cells (presumably goblet cells) as well
as in epithelial cells in crypts, although their presence did
not correlate with histologic abnormalities. Viral antigens
were patchy in the upper GI tract but diffuse in the ileum,
possibly due to the increased number of goblet cells in the
ileum. In addition, viral RNA is detectable by reverse
transcriptase—polymerase chain reaction (RT-PCR) in bi-
opsies from the esophagus, stomach, duodenum, and
rectum [57]. By electron microscopy, viral particles have
been detected in intestinal epithelial cells in the duodenum
and ileum [11]. However, claims of viral particles detected
by electron microscopy have been questioned as possibly
being misinterpretations of viral mimics [58—60]. In vitro
studies have demonstrated that enterocyte organoids can
be infected by SARS-CoV-2 and may support its replica-
tion [23,61]. Together, these studies suggest that the
SARS-CoV-2 virus can actively infect and replicate in the
GI tract, causing direct organ dysfunction. Destruction of
intestinal epithelial cells could result in changes in intes-
tinal permeability, malabsorption, and altered intestinal
secretion, and may explain diarrhea as well as other GI
manifestations.

In the liver, single-cell transcriptome analysis from
several studies (involving both human tissues and organoid
cultures) has confirmed the presence of ACE2 receptor and
TMPRSS?2 in liver parenchymal cells and cholangiocytes
[62—64]. Although ACE2 receptors are expressed on
endothelial cells, sinusoidal endothelial cells appear to be
negative [65]. Therefore, direct viral infection of the liver is
possible.

In some autopsy series, attempts to detect virus in au-
topsy livers yielded negative results. For example, Fassan
and colleagues [66] were unable to detect virus by ISH in
25 autopsy livers. However, others have had a measure of
success. A combination of quantitative real-time PCR and
ISH was used to detect viral RNA and replicative in-
termediates in 25% of the liver specimens in the study
by Kaltschmidt and coinvestigators [67]. Viral protein was
detected in hepatic stem cells, hepatocytes, and

cholangiocytes. In the series by Lagana and colleagues,
PCR for viral genes was positive in 55% of autopsy livers
[68]. However, there was no correlation between PCR
positivity and any of the histologic changes in their study.
Immunohistochemistry (IHC) for SARS-CoV-2 highlighted
portal macrophages in 5 of 17 cases in the study by Zhao
and others [69]. By electron microscopy, viral particles
were not identified in one series of 24 cases [70], but others
reported virion-like particles in their cases [69]. In rare
reports of patients with liver injury presumably due to
COVID-19, some biopsies have demonstrated viral anti-
gens by ISH [43,71] as well as electron microscopy [43],
suggesting the SARS-CoV-2 can directly infect the liver.

In vitro studies have demonstrated that human bile duct
organoids are susceptible to SARS-CoV-2 and support viral
replication [72,73]. Furthermore, primary hepatocytes and
cholangiocytes in culture and organoids infected with
SARS-CoV-2 overexpress proinflammatory cytokines and
down-regulate metabolic processes [64], raising the possi-
bility that infection may alter the profile of proin-
flammatory or profibrogenic cytokines. In addition, there
may be impairment of bile transport and bile acid signaling,
in part from down-regulation of bile acid transporters and
chloride channels [74,75].

3.2. Systemic cytokine release

A second proposed mechanism of GI and hepatobiliary
injury involves inflammatory and immune mediators.
COVID-19 disease has been associated with markedly
increased levels of inflammatory markers and cytokines,
including interleukin-1 (IL-1), IL-6, and tumor necrosis
factor-alpha (TNF-a), which may lead to an accumulation
of immune cells in the GI tract [76] and induce hepato-
cellular cholestasis by down-regulating hepatobiliary up-
take and excretory systems [77,78]. Some authors have
suggested that immunosuppression is beneficial in blunting
cytokine release, leading to improved outcomes [79].

Systemic cytokine release has been implicated in
causing liver dysfunction in infections by other non-
hepatotropic viruses, including previous coronaviruses such
as severe acute respiratory syndrome coronavirus-1 (SARS-
CoV-1) and the Middle East respiratory syndrome coro-
navirus (MERS-CoV) [80]. In influenza A, a viral-specific
cytotoxic T-cell response regulated by Kupffer cells is
known to cause a hepatitis, even in the absence of direct
infection and viral antigens in the liver [81,82]. This in-
flammatory process related to nonhepatic sites of infection
(usually respiratory viruses) is presumed to cause “collat-
eral damage” via the infiltration of cytotoxic T cells [81],
and likely plays a role in COVID-19 disease as well.

3.3. Hypoxic and thrombotic injury

A third proposed mechanism of GI and hepatobiliary
injury involves hypoxic changes induced by respiratory
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failure, systemic coagulopathy, and right heart failure, all of
which are complications of severe COVID-19 disease.
COVID-19 respiratory failure requires intensive critical
care management with invasive ventilatory intervention and
vasoconstrictor therapy and may be accompanied by right
ventricular dysfunction caused by high pulmonary vascular
resistance [32]. In addition, viral infection of endothelial
cells causes endothelial dysfunction, release of factor VIII,
von Willebrand factor, and fibrinogen, resulting in throm-
bosis [17,83]. It has been well-described that patients with
severe COVID-19 show widespread thromboses in large
and small vessels and experience numerous ischemic
complications, including acute pulmonary thrombotic
events and acute limb ischemia [84—87]. Similarly, the
pathologic finding of vascular thrombosis in the GI tract
and liver support the contention that hypercoagulability and
thrombosis contribute to GI and liver injury.

4. Pathologic findings in the GI tract and liver
4.1. Pathology of the GI tract

Pathologic specimens in patients with COVID-19 are
obtained to evaluate for a variety of GI complaints; most
often, intestinal ischemia results in a biopsy or resection.
Other indications include GI bleeding, diarrhea, and
nausea/vomiting. However, patients who are positive for
COVID-19 may also have GI diseases unrelated to the viral
infection, and specimens may be procured related to those
disorders, such as flares of IBD. In those cases, the biopsies
or resections show features related to those diseases, and
the pathology of those specimens will not be considered
here. Also, some of the biopsies that are reported in the
literature uncover issues such as neoplasia which are
clearly independent of the viral infection [88]. In one study,
biopsies obtained closer to the time of a COVID-
19—positive nasopharyngeal swab were more likely to be
associated with the viral illness itself [88]. Finally, many
biopsies in these patients are histologically normal, despite
the patient having GI complaints.

4.1.1. Ischemic enterocolitis in COVID-19

The most consistent pathologic findings in patients with
COVID-19 relate to intestinal ischemia. In patients with
ischemic bowel, resected specimens show well-described
features of ischemic enteritis or colitis, including dilated
segments of bowel with mucosal and mural necrosis,
congestion, and hemorrhage [14,88—90]. Early in the
pandemic, surgeons at Massachusetts General Hospital
noted a peculiar yellow-tan discoloration of the serosa, with
multiple discrete necrotic areas along the antimesenteric
border of the small intestine [14,91,92]. However, a histo-
logic correlate was not identified. Histologically, discrete
areas of mucosal necrosis and occasional pseudomembranes
are seen [14,88] (Fig. 1). A frequent finding in these bowels
is thrombi in small mucosal and submucosal vessels, usually

confined to the areas of mucosal necrosis [14,16,89,90]
(Fig. 2). Some of the small vessels may show eosinophilic
necrosis of the vessel wall with perivascular neutrophilic
inflammation, confined to areas of necrosis [14,16] (Fig. 3).
In addition, medium-sized veins may show fibrin strands
admixed with luminal blood (Fig. 4). Pneumatosis intesti-
nalis, characterized by large “empty” appearing spaces in a
markedly edematous submucosa (Fig. SA- and B), is rela-
tively common in COVID-19—related ischemia, although
not specific for this etiology [14].

Biopsy specimens have also shown features of ischemia.
Biopsies of the colon have been described as having typical
features of ischemia, ranging from withered crypts, regen-
erative changes, and mildly active colitis to mucosal ne-
crosis, hemorrhage, congestion, and microthrombi [16,24].
One report includes a description of a duodenal biopsy with
ischemic changes characterized by patchy hemorrhage in
the lamina propria, fibrin thrombi, and regenerative
changes in the crypt epithelial cells [25]. Various methods
to detect the virus or RNA, including IHC, ISH, and next
generation sequencing (NGS), have been negative in most
biopsies or resections of ischemic bowel [14,25,88],
although rare cases have shown positive results either by
RT-PCR or IHC [16,24].

In the report by Zhang and colleagues [14], the authors
describe 3 cases of ischemic bowel resections that had
different features from those described earlier. In these 3
cases, the external layer of the muscularis propria showed
changes ranging from necrosis, to replacement by a fibro-
blastic reaction, to fibrosis that can be highlighted on tri-
chrome stain (Fig. 6A- and B). These cases lacked the
small vessel thrombi seen in the majority of their cases. The
authors speculate that COVID-19 may, in selected in-
dividuals, lead to chronic ischemic-type changes. A report

Fig. 1 Ischemic enterocolitis in COVID-19. Low-power view
of a colon specimen shows mucosal necrosis with a fibrinopur-
ulent exudate (left) with a sharp transition to viable mucosa
(right). The specimens also show congestion, submucosal edema,
and epithelial injury characteristic of ischemic enterocolitis.
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Fibrin thrombi in COVID-19—related ischemic
enterocolitis.

Small vessels within the submucosa beneath necrotic mucosa
shows fibrin thrombi in small vessels.

Fig. 2

of strictures in the small bowel as a consequence of
ischemia also suggests that bowel ischemia can have long-
term consequences for these patients [93].

4.1.2. GI mucosal injury in COVID-19

Other than ischemic changes, pathologic changes are
relatively nonspecific in patients with COVID-19. For
example, Xiao and colleagues described biopsy findings in
a patient with COVID-19 [21]; they describe lymphocytes
in the esophageal squamous epithelium and numerous
lymphocytes and plasma cells in the stomach, duodenum,
and rectum with edema. Another report includes a
description of mild duodenal inflammation with lamina
propria  neutrophils and increased intraepithelial

Fig. 3  Perivascular neutrophils in the submucosa in COVID-
19—related ischemic enterocolitis. Vessels within the submucosa
may show changes reminiscent of vasculitis, with perivascular
neutrophils and, in some cases, degeneration of the wall. (Cour-
tesy of Dr. M. Lisa Zhang).

Fig. 4 Fibrin strands in large submucosal vessels in COVID-
19—related ischemic enterocolitis. In some cases of COVID-
19—related ischemic bowel, large submucosal vessels show fibrin
strands within stagnant blood. This may be a reflection of
hypercoagulability.

Fig. 5 Pneumatosis intestinalis in COVID-19—related
ischemic enterocolitis. A and B, Two cases that demonstrate large
“empty” spaces in the submucosa in ischemic enterocolitis that are
compatible with pneumatosis intestinalis. (Courtesy of Dr. M. Lisa
Zhang).
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Fig. 6 Muscularis propria attenuation in COVID-
19—related ischemic enterocolitis. A, Rare cases of COVD-19
ischemic bowel show changes that are typically seen in chronic
ischemic, such as attenuation of the external layer of the muscu-
laris propria. B, Trichrome stain of a different case shows fibrous
replacement of the external layer of the muscularis propria, as well
as subserosal fibrosis. (Courtesy of Dr. M. Lisa Zhang).

lymphocytes [11]. In the case mentioned earlier with small
intestinal mucosal sloughing by capsule endoscopy, colonic
biopsies showed edema, erosions, infiltration by lympho-
cytes, and epithelial cell apoptosis [28]. Finally, a report by
Westerhoff and colleagues [88] describes ileal biopsies in a
patient with COVID-19 that demonstrated active ileitis,
villous lymphocytosis, increased goblet cells in the villi,
and crypt hyperplasia. Neither ISH nor NGS was positive
for SARS-CoV-2. Curiously, another of their cases had
normal ileal mucosal biopsy findings but showed strong
cytoplasmic and dotlike expression by ISH for SARS-CoV-
2 RNA in the epithelial cells overlying a Peyer patch.
One report is noteworthy, as the authors describe cases
of more prominent and widespread mucosal injury that may
be due to COVID-19 infection. The mechanism of mucosal
injury may be different in each of these cases and includes
direct viral infection of the mucosal epithelial cells or
systemic viral effects, including cytokine storms. In this
report, Yantiss and colleagues [25] describe a patient with
colonic angiodysplasia in whom the surrounding colonic

Fig. 7 Mucosal injury in COVID-19. A, Low-power view of
colonic mucosa shows tufting of the superficial epithelium. B,
High-power view shows that the enterocytes are injured with
disarray, hyperchromatic disordered nuclei, epithelial tufting, and
amphophilic cytoplasm. (Courtesy of Dr. Rhonda Yantiss).

mucosa showed epithelial cells on the mucosal surface
forming small tufts, and the epithelial cells in the upper
crypt had cytoplasmic blebs that projected into the lumen
(Fig. 7A- and B). The cells had mildly enlarged hyper-
chromatic nuclei. IHC for SARS-CoV-2 and ISH for spike
protein-encoding RNA highlighted the areas of cytologic
abnormality, and electron microscopy showed viral parti-
cles on the luminal surface (but not within the cells). This
case suggests that SARS-CoV-2 can cause direct mucosal
injury.

Another of their cases describes a patient whose duo-
denum, jejunum, ileum, and colon biopsies showed wide-
spread mucosal injury [25]. In the duodenum and jejunum,
the biopsies showed crypt hyperplasia, attenuated epithelial
cells with decreased mucin, and nuclear enlargement
(Fig. 8A). In the same patient, ileal and colonic biopsies
showed mucosal injury characterized by epithelial cell
attenuation, reduced goblet cells, and in the colon, dilated
crypts containing a small amount of necrotic cellular debris
(Fig. 8B). IHC for SARS-CoV-2 spike protein and ISH for
viral RNA were negative.
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Fig. 8 Widespread mucosal injury in COVID-19. A, Small
intestinal biopsy in a patient with COVID-19 demonstrates villous
blunting with cuboidalization and attenuation of the duodenal
enterocytes, and crypt hyperplasia. B, A biopsy of the colon in the
same patient shows cuboidal, disarrayed colonocytes with atten-
uated crypts and increased cellularity of the lamina propria. A few
crypts (such as the one at left) show sloughed epithelial cells
within the crypt. (Courtesy of Dr. Rhonda Yantiss).

4.2. Pathology of the hepatobiliary tract

The histologic features of COVID-19 in the liver have
been described largely in autopsies of patients who have
died from COVID-19. Rarely, hepatitis attributed to SARS-
CoV-2 has been described. Finally, there is a body of
literature on prolonged cholestatic injury after COVID-19
that is considered part of the spectrum of “long COVID.”

4.2.1. Liver autopsy findings in COVID-19

Descriptions of the liver in postmortem examination of
patients with COVID-19 are almost entirely limited to pa-
tients who died of the pulmonary manifestations of the
disease, rather than from liver injury specifically. These
patients have a variety of histologic changes in the liver,
some of which may be the result of organ failure, intuba-
tion, shock, and aggressive interventions. However, some of
the reported changes appear to be related to specific

Fig. 9  Steatosis in COVID-19. An autopsy from a patient who
died of COVID-19 demonstrates patchy steatosis, including large
droplet fat and scattered smaller droplets within hepatocytes,
without strict zonal predilection.

systemic effects of SARS-CoV-2 infection, such as
thrombosis. In some reports, preexisting liver disease in a
minority of patients clouds the interpretation of the find-
ings, particularly more pronounced inflammation or fibrosis
in some of these liver specimens.

Grossly, the livers of patients who died of COVID-19
generally show varying degrees of steatosis (pale yellow
appearance), congestion or nutmeg appearance, and
ischemia [68,94]; uncommonly, they may show evidence of
fibrosis with an indurated consistency and irregular surface
[68,94]. Microscopically, the most frequently reported he-
patic finding in autopsies of patients with COVID-19 is
steatosis (Fig. 9). Steatosis is found in 50—83% of autopsy
livers; the steatosis is usually mild in degree but can be
moderate or marked, and both large and small droplet fat
have been described [68—70,95,96]. When zone has been
recorded, most cases show panlobular distribution of stea-
tosis, followed by zone 3 (or 2 and 3), and less commonly
zone 1 [68]. Rarely, there is evidence of ballooning
degeneration with Mallory-Denk bodies [68].

Lobular inflammation is usually mild but occasionally
moderate or marked, with scattered necroinflammatory foci
comprising lymphocytes and histiocytes, with occasional
acidophil bodies [68—70,94] (Fig. 10A-B). One group re-
ported slight to moderate swelling of the hepatocytes [70].
More dramatically, several authors report focal confluent
necrosis or more extensive centrilobular ischemic-type
necrosis, [66,68—70,94—96] although this is likely the
result of agonal events related to severe COVID-19 rather
than the viral infection itself. Additional findings reported
in a subset of cases include cholestasis (Fig. 11), ductular
cholestasis suggestive of sepsis, ductular reaction, activa-
tion of Kupffer cells (Fig. 12), and evidence of hepatic
regeneration with either mitotic activity or expansion of
hepatic plates on reticulin stains [66,68,70,94—96]. Viral
inclusions are not seen in these livers.
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Fig. 10 Lobular injury in autopsy livers from patients with
COVID-19. A, Focal lobular necrotic focus with pigmented
macrophages and hepatocyte dropout. B, In this view, an acidophil
body is noted (center) as well as increased histiocytes in sinusoids.
(Courtesy of Dr. Stephen Lagana).

Fig. 11 Cholestasis in autopsy liver from patient with
COVID-19. High-power view shows enlarged reactive-appearing
hepatocytes with feathery degeneration, and cytoplasmic
pigment consistent with intracellular cholestasis. (Courtesy of Dr.
Michael Torbenson).

Fig. 12 Kupffer cell hyperplasia in autopsy liver from pa-
tient with COVID-19. In this high-power view, the hepatic plates
are somewhat disarrayed, and the sinusoids are expanded with
numerous histiocytes and scattered inflammatory cells. Mild
steatosis is also present.

Other groups have described portal and lobular inflam-
mation in the liver at autopsy in patients with COVID-19
[68,70,94,95]. Portal inflammation has been reported in
more than half of the autopsy cases [68—70,94],
comprising lymphocytes with infrequent plasma cells, eo-
sinophils, or neutrophils [68]. Exceptionally, there is
interface activity associated with the portal inflammation.
One report describes increased numbers of histiocytes with
vacuolated cytoplasm in the portal tracts of 5 cases, which
were stained by IHC for SARS-CoV-2 [69]. Fibrosis is
generally absent, but occasionally mild fibrosis is found;
advanced fibrosis is an indication of preexisting chronic
liver disease [66,69,70,94,95].

Vascular changes have been reported in autopsy de-
scriptions of the liver in COVID-19. Sonzogni and co-
investigators describe numerous vascular alterations in a
series of 48 autopsy liver specimens [97]. They report
widened portal veins, some of which were herniated into
the adjacent parenchyma or had fibrotic walls, thrombosed
veins, thrombi in sinusoids (Fig. 13), and abnormal CD34
expression in affected areas of the lobules [97]. They also
describe fragmentation of the smooth muscle layer of portal
veins, and infiltration by inflammatory cells (Fig. 14A). In
the series by Lagana and colleagues, 6 of 40 cases had
phlebosclerosis, reminiscent of veno-occlusive disease
[68]. This group of investigators also reported muscular
hypertrophy of the portal arteriole (always in association
with venous phlebosclerosis) (Fig. 14B), fibrinoid necrosis
with endothelial apoptosis, and sinusoidal microthrombi in
6 of 40 cases [68]. In addition, they describe 2 cases that
had pale ovoid sinusoidal inclusions that were CD61 pos-
itive, suggestive of thrombotic bodies [68]. Sinusoidal
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Fig. 13 Thrombotic changes in the liver in patients who died
of COVID-19. The lobule in this liver shows numerous fibrin
thrombi within the sinusoids. (Courtesy of Dr. Stephen Lagana).

Fig. 14 Vascular changes in autopsy livers in patients with
COVID-19. A, In this portal tract, there is mild inflammation of
the portal vein. B, A hypertrophied artery is present in this view of
a portal tract. (Courtesy of Dr. Stephen Lagana).

platelet aggregates were also observed by Kaltschmidt and
colleagues in 70% of 60 autopsy liver specimens [67]. In
that series, microvascular thrombosis was observed

primarily in nonhospitalized patients who had not received
anticoagulation therapy (32%), as compared to hospitalized
patients (3%) [67]. Others have observed platelet-fibrin
thrombi in sinusoids in these liver [66,69] and portal vein
thrombi [66]. Sinusoidal dilatation, portal vein dilatation,
and congestion are other vascular changes noted in some
reports [66—68,70].

Finally, in the series by Lagana and colleagues [68],
granulomas were found in 3 cases, but the relevance of this
finding is uncertain. One patient had fibrin ring granulomas,
but had been exposed to various hepatotoxic medications;
another had necrotizing granulomas forming grossly iden-
tifiable abscesses and structures suggestive of Schistosoma
eggs, and the third patient had portal granulomas suggestive
of primary biliary cholangitis but without clinical findings
to support that diagnosis.

4.,2.2. Liver biopsy findings in COVID-19

During the course of COVID-19, some patients have
sufficiently elevated transaminases or alkaline phosphatase
to raise concern for hepatic injury, and a liver biopsy may
be performed to evaluate for hepatic injury. These patients
may present with marked elevations of transaminases,
fulminant hepatic failure, or cholestatic features with
jaundice and pruritus.

In the series by Fassan and colleagues [66], three liver
biopsies were performed in COVID-19 patients with sig-
nificant elevations of LFTs. In that report, the biopsies
showed similar features, including mild portal mononuclear
infiltrate; preserved bile ducts; mild steatosis or micro-
vesicular cytoplasmic vacuolization; mild lymphocytic
lobular hepatitis with occasional acidophil bodies, pig-
mented macrophages, and Kupffer cell aggregates; and
occasional mitotic figures [66]. In 1 of 2 biopsies tested,
quantitative RT-PCR for SARS-CoV-2 was positive. In the
report by Cai and others, a single patient underwent liver
biopsy [98]. The biopsy demonstrated mild steatosis, and
watery degeneration of the hepatocytes, which the authors
attributed to ischemia or hypoxia. Otherwise, there were a
few sinusoidal inflammatory cells.

More dramatic cases of marked lobular hepatitis suggest
that SARS-CoV-2 can cause hepatitis. In one case report
[42], a 35-year-old woman with COVID-19 presented with
fulminant hepatic failure. A liver biopsy showed panlobular
hepatitis with numerous histiocytes, zone 3 necrosis, mild
steatosis, and hemophagocytosis. No ancillary techniques
were available to confirm SARS-CoV-2 in the liver, but the
clinical picture supported the diagnosis of SARS-CoV-2
hepatitis. In the series by Fiel and colleagues [43], liver
biopsies were performed on 2 patients. One patient had a
liver biopsy that demonstrated marked lobular disarray,
inflammatory infiltrates, many acidophil bodies, ballooned
hepatocytes, ceroid laden macrophages, and portal mild to
moderate mixed inflammation comprising lymphocytes,
plasma cells, eosinophils, and neutrophils; there was mild
interface hepatitis and mild ductular reaction. The biopsy
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Fig. 15 Hepatitis in a liver allograft in a patient with
COVID-19. The lobule shows mononuclear inflammation with
hepatocyte dropout, a few acidophil bodies, and small droplet
steatosis in zone 3. Elsewhere, the portal changes suggested acute
cellular rejection. (Courtesy of Dr. Stephen Lagana).

also showed centrilobular hepatocyte necrosis and dropout
and mild endothelialitis. Bile ducts showed severe damage,
with cytoplasmic eosinophilia and apoptotic chol-
angiocytes. CD61 IHC stain identified nonocclusive fibrin
thrombi. ISH for SARS-CoV-2 was positive in rare cells but
no cells were positive for the antisense strand probe, and
therefore active viral replication could not be confirmed
[43]. Electron microscopy demonstrated viral-like particles
within sinusoidal endothelial cells.

Pirisi and colleagues describe the liver biopsy findings in
2 patients with COVID-19 who presented with jaundice and
pruritus [99]. These patients’ liver biopsies showed cana-
licular bile, and scant lymphocytes and neutrophils within
the sinusoids and in portal tracts. One patient had clear risk
factors for cholestatic liver disease (consumption of gym
supplements and a pathogenic mutation in ABCB4). The
other patient had a mutation of 7-dehydrocholesterol
reductase, which is involved in Lemli-Opitz syndrome.
The authors report finding SARS-CoV-2 virion in chol-
angiocytes and hepatocytes [99]. However, as mentioned
earlier, reports of virion detected by electron microscopy
should be interpreted cautiously, as others have contended
that subcellular structures are being misinterpreted as
SARS-CoV-2 virion [59,60].

Rare cases of SARS-CoV-2 hepatitis were reported in
liver transplant recipients. In the report by Fiel and col-
leagues [43], 1 patient was a liver transplant recipient. A
biopsy of the allograft showed a mixed portal inflammatory
infiltrate with occasional eosinophils, prominent bile duct
injury with a few apoptotic cholangiocytes, and endothe-
lialitis, suggestive of acute cellular rejection (ACR). The
lobules showed lobular disarray with numerous acidophil
bodies, foci of necrosis, and numerous mitotic figures. An
immunostain for C4d highlighted a few endothelial cells
lining portal and central venules, but a stain for CD61

failed to show fibrin thrombi. The lobular changes were
interpreted as superimposed SARS-CoV-2 hepatitis. ISH
for SARS-CoV-2 showed staining of rare cells, although the
antisense strand probe was negative, as with their other
case. Electron microscopy identified virus-like particles
within hepatocytes. The patient’s tacrolimus level was
optimized, but otherwise he received no treatment for
COVID-19, and his condition slowly resolved.

Another case report was initially reported by Lagana and
colleagues [100] and then subsequently reported with addi-
tional clinical information by Heinz and others [71]. The
case is a 6-month-old girl who underwent a liver transplant
and shortly afterward developed markedly elevated trans-
aminases. A liver biopsy demonstrated a mixed portal in-
flammatory infiltrate composed of lymphocytes and
eosinophils, lymphocytic cholangitis, and portal venulitis.
Similar to the other case, the lobules demonstrated nec-
roinflammatory foci with lymphocytes and acidophil bodies,
either single or in clusters (Fig. 15). Kupffer cell prominence
and central vein endothelialitis was noted [100]. Mild stea-
tosis, predominantly macrovesicular, was present [100]. ISH
for SARS-CoV-2 demonstrated positive staining in hepato-
cytes and a few inflammatory cells [71]. The biopsy was
interpreted as ACR together with SARS-CoV-2 hepatitis.
The patient failed to respond to mycophenolate and steroids,
and ultimately began to improve when these immunosup-
pressants were weaned.

In the cases that occurred in patients who had received
liver transplants, the portal histologic features suggest
ACR while the lobular findings independently suggest
SARS-CoV-2 hepatitis; alternatively, these cases may
represent examples of ACR triggered by SARS-CoV-2
infection. Fiel and coauthors point out that the histologic
findings of SARS-CoV-2 hepatitis in their transplant patient
were similar to the biopsy findings in their nontransplant
patient, in that both had portal mixed inflammation, duct
injury, endothelialitis, and lobular hepatitis. Furthermore,
they note that the clinical findings in the transplant patient
were atypical for rejection. They propose that the portal and
lobular histologic features in these cases are due solely to
SARS-CoV-2 infection, rather than a combination of ACR
and COVID-19 hepatitis [43]. Possibly, some of the histo-
logic findings in SARS-CoV-2 hepatitis overlap with the
classic features of ACR. A similar phenomenon has been
described with other viral infections in allograft livers, such
as CMV [101].

4.2.3. Post—COVID-19 cholangiopathy

One of the long-term manifestations of COVID-19 is
post—COVID-19 cholangiopathy, which is likely a form of
secondary sclerosing cholangitis in critically ill patients
[51]. Many of these patients have acute and/or chronic large
duct obstruction on histology, without ductopenia [51]. One
small case series [50] found that some patients showed
histologic evidence of mild cholestatic injury, with a mixed
portal inflammatory infiltrate, mild bile duct injury,
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Fig. 16 Post—COVID-19 cholangiopathy. In the lobule in this
liver biopsy, the hepatocytes are enlarged, reactive appearing, and
demonstrate feathery degeneration. There is also cytoplasmic
pigment, consistent with intrahepatic cholestasis.

canalicular cholestasis with cholestatic rosetting, and rare
small bile infarcts (Fig. 16). Other patients showed marked
biliary obstructive features, with extensive periportal
edema, a neutrophilic portal inflammatory infiltrate,
marked ductular reaction, and profound cholestasis with
bile infarcts (Fig. 17A and B). No cases showed evidence of
SARS-CoV-2 by ISH. Rarely, patients with persistent
cholestatic disease were treated with liver transplantation,
and explanted livers showed histologic evidence of severe
sclerosing cholangitis with hepatic abscesses, bile duct
injury, and microarteriopathy with luminal obliteration
[52]. One patient had focal features of sinusoidal obstruc-
tive syndrome (veno-occlusive disease) with centrilobular
necrosis [49]. Although the mechanism of this process re-
mains to be elucidated, the findings suggest an ischemic
pathophysiology.

5. Preexisting GI and hepatic disease

The most important preexisting GI disorder in terms of
COVID-19 is IBD. As the pandemic unfolded, there were
concerns about whether patients with IBD were more likely
to experience GI symptoms or, if they were taking steroids
or immunomodulatory drugs, to develop severe COVID-19.
In some studies, patients with IBD did not have an
increased risk of GI symptoms, more severe COVID-19,
greater risk of hospitalization, or mortality than controls
without IBD [102,103]. Although studies suggest that thi-
opurines, steroids, and oral salicylate might confer
increased risk of severe COVID-19 [104,105], the use of
long-term biologics or immunomodulatory therapy does
not appear to confer worse COVID-19 outcomes [103]. In
fact, studies have suggested that tumor necrosis factor an-
tagonists may reduce the severity of COVID-19 [106].

Given the prevalence of gastroesophageal reflux in the
general population, many patients with COVID-19 are

“B

Fig. 17 Portal obstructive type changes in post—COVID-19
cholangiopathy. A, A portal tract (upper center) shows inflam-
mation and ductular reaction. Below the portal tract (center), there
is an area of hepatocyte dropout suggestive of a bile infarct. B, In
this portal tract, there is ductular reaction and periportal lobular
cholestasis.

taking medications for reflux. This coincidence provided an
opportunity to describe the risks or benefits of antireflux
medications in COVID-19. Several studies, for example,
report that patients with COVID-19 taking the histamine
H2 receptor antagonist famotidine have improved clinical
outcomes [107—109]. The effects of proton pump inhibitor
(PPI) use and COVID-19 are uncertain. One study found
that PPI use increased the risk of secondary infection in
these patients [110], possibly due to the decreased gastric
acidity leading to increased gastric microbiota and micro-
aspiration, or due to immune effects of PPIs themselves.
However, another study of 179 patients found that patients
taking PPIs were less likely to be infected by SARS-CoV-2
or to develop COVID-19 [111].

In patients with COVID-19, the prevalence of preexist-
ing liver disease is 2—11% [31,112—115]. Chronic viral
hepatitis and nonalcoholic fatty liver disease confer a
higher risk of severe COVID-19 disease [116,117]. ACE2
receptor expression on hepatocytes has been shown to in-
crease in fibrotic or cirrhotic conditions [118,119], possibly
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explaining worse disease in COVID-19 patients with
decompensated cirrhosis [120]. Immunosuppressed liver
transplant recipients are not known to experience more
severe COVID-19 disease [121].

Although it is accepted that patients with NAFLD are at
risk for more severe COVID-19 disease [122,123], whether
the steatosis seen in the liver in patients with COVID-19 is
due to the viral illness or preexisting NAFLD remains un-
clear. Some studies propose that the steatosis may be a
consequence of dysregulated lipid metabolism and mito-
chondrial activity in the setting of a cytokine storm [74].
However, it should be acknowledged that a subset of these
patients may have had preexisting NAFLD.

6. GI and hepatic injury secondary to COVID-19
therapies

Many of the drugs that are used to combat SARS-CoV-2
can cause GI or hepatic injury, and in some cases, it may be
difficult to determine whether the GI or hepatic symptoms
are related to the viral infection or its treatment. For
example, lopinavir-ritonavir combination therapy, oselta-
mivir, remdesivir, and antimicrobials can cause diarrhea,
nausea, and vomiting [18,124]. Some of the controversial
agents used to prevent or treat COVID-19 can have toxic
effects as well. For example, chloroquine and hydroxy-
chloroquine have been reported to cause GI effects in about
20% of patients, including nausea, vomiting, diarrhea, and
abdominal pain [125]. Ivermectin, a medication that
generated significant controversy over whether it was
effective to prevent severe COVID-19 or treat it, can have
toxic effects, including “GI distress” [126].

Drug-induced liver injury (DILI) is an important issue in
this patient population as well. A retrospective cohort study
showed that patients with preexisting chronic liver disease
were at high risk for DILI with antiviral therapy [127].
In vitro pharmacokinetic studies have shown that some
antiviral drugs inhibit key liver transporters, including
ABCB11/BSEP, SLC47A1/MATE1, SLC22A1/0CT1, and
SLCO1B3/OATP1B3 [128]. Although no reports of liver
toxicity from remdesivir have been published, some liter-
ature describes that occasional COVID-19 patients treated
with lopinavir and ritonavir develop elevated AST, ALT,
and total bilirubin [32,129]. Hydroxychloroquine has been
frequently used in severe COVID-19 disease but has been
implicated in cases of hepatotoxicity, with a higher risk in
critically ill patients [130]. Usually, LFTs are mildly
elevated and normalize with the cessation of hydroxy-
chloroquine; however, liver biochemistries can be markedly
elevated, and fulminant hepatic failure has been reported
[131]. Ketamine is commonly used as a peri-intubation
sedative and has rarely caused secondary sclerosing chol-
angitis. In one published case, administration of ketamine
resulted in an abrupt increase in alkaline phosphatase and
radiographic findings of intrahepatic biliary dilatation and

beading, with biochemical normalizing after cessation of
ketamine; histology in this patient was nonspecific with a
ductular reaction and lobular inflammation [132].

Some of the drugs used to treat COVID-19 may cause
indirect injury by predisposing these patients to opportu-
nistic infections. For example, case reports describe CMV
colitis in patients with COVID-19 treated with the anti—IL-
6 inhibitor tocilizumab [133,134]. In addition, the use of
broad-spectrum antibiotics in these patients may predispose
them to Clostridium difficile colitis.

Vaccine-related AIH-like liver injury has also been
described. Several case reports detail patients who present
with an acute AIH-like hepatitis after mRNA vaccination
[135—138]. These patients were aged between 35 and 80
years, with liver-specific symptoms that presented between 4
and 35 days after the first dose or 7 days after the second dose.
Liver biopsies in these patients showed classic AIH
morphology, with prominent interface hepatitis, marked
lobular inflammation, and, occasionally, centrilobular necro-
sis [135,136]. One patient with primary sclerosing cholangitis
was diagnosed with de novo AIH after vaccination [139]. All
patients were responsive to immunosuppressive therapy. It is
possible that the SARS-CoV-2 mRNA vaccine may disturb
self-tolerance and trigger autoimmune responses through
cross-reactivity with host cells; however, it is also possible
that these patients had subclinical AIH that was unmasked by
the vaccine or coincidentally presented after vaccination.

7. Summary

SARS-CoV-2 is the viral agent responsible for COVID-
19, a predominantly respiratory illness in which a signifi-
cant number of patients experience GI and hepatic mani-
festations, particularly those with severe disease. Although
most of these GI and hepatic manifestations are mild, oc-
casionally they cause significant morbidity or mortality in
these patients. Preexisting GI or hepatic disease may affect
the disease course of COVID-19, and may alter the
outcome of the viral illness. As we begin to understand
more about the long-term effects of COVID-19, the long-
term GI and hepatic manifestations of this viral illness will
become increasingly defined.
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