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Abstract: The gastrointestinal tract plays an important role in the pathogenesis of COVID-19. The
angiotensin-converting enzyme 2 receptor and the transmembrane protease serine 2 receptor bind
and activate SARS-CoV-2 and are present in high concentrations throughout the gastrointestinal tract.
Most patients present with gastrointestinal symptoms and/or abnormal liver function tests, both of
which have been associated with adverse outcomes. The mechanisms of liver damage are currently
under investigation, but the damage is usually transient and nonsevere. Liver transplantation is
the only definitive treatment for acute liver failure and end-stage liver disease, and unfortunately,
because of the need for ventilators during the COVID-19 pandemic, most liver transplant programs
have been suspended. Patients with gastrointestinal autoimmune diseases require close follow-up
and may need modification in immunosuppression. Acute pancreatitis is a rare manifestation of
COVID-19, but it must be considered in patients with abdominal pain. The gastrointestinal tract,
including the liver and the pancreas, has an intimate relationship with COVID-19 that is currently
under active investigation.
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1. Introduction

The new coronavirus SARS-CoV-2 infection (COVID-19) reported in Wuhan, China, in
December 2019, and by 11 March 2020, the World Health Organization declared it a global
pandemic [1]. Time has passed, many people have succumbed to the infection, and a global
effort has been carried out to study the virus, both to develop an effective vaccine and to
prevent further complications among survivors. Coronaviruses are 65-125 nm diameter
(26-32 kb genome) positive monocatenary RNA viruses from the family Coronaviridae and
subfamily Orthocoronavirinae, which are subdivided into Alphacoronavirus, Betacoronavirus,
Gammacoronavirus, and Deltacoronavirus [2]. The two previous Betacoronavirus pandemics
were SARS-CoV in 2003 and MERS-CoV in 2012, with mortality of 10% and 37%, respec-
tively [3]. Interestingly, the new coronavirus SARS-CoV-2 genome shows 96.2% homology
with the RaTG13 virus in bats (Bat-RaTG13 and Bat-SL-CoVZXC21) [4].

Coronaviruses are known to cause severe acute respiratory distress syndrome and
death, and the gastrointestinal tract has been described as playing a key role in the route of
infection, clinical manifestations, and disease outcomes. In addition, many gastrointestinal
diseases (e.g., autoimmune hepatitis, Crohn’s disease) require immunosuppressive treat-
ment and whether the clinical course or risk of complications may be halted by treatment
for COVID-19 infection is still under investigation. Moreover, liver transplant as the only
intervention for terminal liver disease has also been affected by the pandemic. Specifically,
most transplant programs in the world have been halted, which will result in longer waiting
lists, liver decompensation, and death in the short term for many such patients.

The objective of the current review is to describe the intimate relationship between
the gastrointestinal tract, including the liver and pancreas, and the pathogenesis, clinical
course, and outcomes of the COVID-19 pandemic.
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2. The Gastrointestinal Tract in the Pathogenesis of COVID-19

Coronaviruses express four structural proteins: spike (S), membrane (M), envelope (E),
and nucleocapsid (N). The S protein receptor-binding domain shares 75% of the amino acid
sequence of the SARS-CoV virus [2]. The conformational change of protein S, which binds
with the angiotensin-converting enzyme 2 (ACE2) receptor and transmembrane protease
serine 2 receptor (TMPRSS2) of the host cell, allows fusion of the viral envelope with the
cell membrane and internalization of the virus [5]. Interferon upregulates the expression
of ACE2 and TMPRSS2 receptors in the nasal secretory cells, type II pneumocytes, and
enterocytes. Thus, the tropism of the virus is determined by the tissue distribution of ACE2
and TMPRSS2 receptors [6,7]. The affinity of SARS-CoV-2 for the ACE2 receptor in the
gastrointestinal tract is 10-20 times greater than that of SARS-CoV [8].

Although fecal isolates of SARS-CoV-2 are capable of infecting cells cultured in vitro,
fecal-oral transmission, though possible, has not been demonstrated [9]. In a retrospective
study, a positive fecal real-time polymerase chain reaction (RT-PCR) was detected two
to five days after a positive sputum RT-PCR with fecal excretion of the virus for up to
11 days [10].

Interestingly, SARS-CoV-2 RNA was identified in the sewage water of hospitals in
Beijing and when seeded, could remain infectious for 14 days at 4 °C and 2 days at
20 °C [11]. Evidence for gastrointestinal infection of SARS-CoV-2 is controversial. For
example, a 78-year-old man with COVID-19 developed gastrointestinal bleeding during
hospitalization, with a hematoxylin and eosin (H&E) stain of endoscopic samples showing
damage with infiltrating lymphocytes in the esophageal epithelium and plasma cells with
interstitial edema in the stomach, duodenum, and rectum [12].

Gut microbiota could play a potential role as a diagnostic or prognostic biomarker
in patients with COVID-19, as reported in a comprehensive systematic review including
1668 studies [13]. Patients with COVID-19 develop gut microbiota dysbiosis with depletion
of Ruminococcus, Alistipes, Eubacterium, Bifidobacterium, Faecalibacterium, Roseburia, Fusica-
thenibacter, and Blautia, and enrichment of EgQgerthella, Bacteroides, Actinomyces, Clostridium,
Streptococcus, Rothia, and Collinsella. A dysregulated gut environment could increase the
expression of ACE2 in the gut and favor more severe disease [14]. Table 1 summarizes
examples of basic and translational implications of COVID-19.

Table 1. Basic and translational implications of COVID-19.

Study Hypothesis Design Results Implications
The gastrointestinal tract Infection of Rhesus monkeys Both intranasal and
Jiao [15] could play a central role in with an intragastric or intragastric inoculation Possible connections through
) the pathogenesis of intranasal challenge with caused pneumonia and inflammatory cytokines
COVID-19 SARS-CoV-2 gastrointestinal dysfunction
SARS-CoV-2 could be TS . Transmission of the virus
. : Biodistribution of SARS-CoV-2 detected in ;
Wang [16] potentially transmlttec'l other  gARs-Cov-2 among different  respiratory tissue, feces, and through extra-respiratory
than through the respiratory . £ A blood b : - routes (feces) could explain
tract tissues of inpatients ood but not in urine the rapid spread
.. . Multiple large genome Four variants (rs464397, Higher frequency of
Trham [17] ?ﬁ;‘gggglézpﬂfgfglgé databases (GTEx portal, SNP rs469390, rs2070788, and upregulating variants in
SARS-CoV-2 Y tibilit nexus, Ensembl genome rs383510) affect expression of European and American
-CoV-2 susceptibility project) TMPRSS2 in lung tissue populations
. Analysis of variants of ACE2  Singleton truncating variant .
ACE2 variants could reduce e Lack of natural resistant
Cao [18] the binding of S protein in gene and allele frequencies in of ACE2 (GIn300X) and mutations for coronavirus S

SARS-CoV-2

ChinaMAP and 1 KgP
databases

higher allele frequency in
China of the SNP rs2285666

protein binding

3. COVID-19 and Gastrointestinal Symptoms

Most patients with COVID-19 report nonspecific symptoms, including fever, headache,
fatigue, arthralgias, myalgias, and general malaise. Because SARS-CoV-2 targets primarily
the respiratory tract, additional symptoms such as cough, dyspnea, and anosmia are also
reported [19]. Furthermore, in most published studies the prevalence of gastrointestinal



Trop. Med. Infect. Dis. 2022, 7,187

30f12

symptoms varies between 5% and up to 50% of cases, and include diarrhea, nausea, vom-
iting, anorexia, and abdominal pain. In about 5% of patients, gastrointestinal symptoms
may occur prior to respiratory symptoms [20]. A meta-analysis of 1577 patients reported
that among gastrointestinal symptoms, diarrhea was the most prevalent with 33.9%, fol-
lowed by nausea with 12.5%, and vomiting with 11.5%. In this study, the presence of
gastrointestinal symptoms was not associated with COVID-19 severity (Odds Ratio (OR)
1.16; 95% Confidence Interval (CI) 0.89-1.52), and only abdominal pain was associated with
a more severe disease (OR 2.83; 95% CI 1.34-6.01; p = 0.007) [21]. By comparison, in another
meta-analysis that included 6686 patients, the presence of gastrointestinal symptoms was
associated with a higher risk of acute respiratory distress syndrome (OR 2.85, 95% CI
1.17-7.48), and abdominal pain was associated with greater disease severity (OR 7.10; 95%
CI1.93-26.07) [22].

A systematic review and meta-analysis involving 4682 patients reported that the most
significant gastrointestinal symptoms were anorexia (17%; 95% CI 0.06-0.27) and diarrhea
(0.08; 95% CI1 0.06-0.11), and patients with severe disease were more likely to have diarrhea,
anorexia, and abdominal pain [23]. Although the clinical effect of gastrointestinal symptoms
on COVID-19 outcomes is mixed, a prospective study in 244 patients reported that diarrhea
was not associated with mortality (0% vs. 7.7%, p = 0.036) and overall gastrointestinal
symptoms were negatively associated with moderate to severe disease (p = 0.004) [24].

In a study evaluating the dynamics of fecal RNA shedding in 113 patients, fecal
SARS-CoV-2 RNA was detected in 49.2% (95% CI 38.2-60.3%) of patients within the first
seven days after diagnosis, and 3.8% (95% CI 2.0-7.3%) of individuals shed for up to seven
months [25]. Although it has been postulated that shedding of the virus correlates with
gastrointestinal and nongastrointestinal symptoms, no association with long COVID-19
symptoms has been found [26].

Complex gastrointestinal complications of COVID-19 have been reported in severe
disease, including ileus, hepatic necrosis, acalculous cholecystitis, and bowel ischemia. A
systematic review that included 22 studies reported that 29% of patients presented with
arterial mesenteric thromboembolism and 19.3% with portal venous thrombosis, requiring
laparotomy and bowel resection in 64.5% with an overall mortality of 38.7% [27]. Although
rare, ischemic gastrointestinal complications of COVID-19 can be fatal. Figure 1 highlights
the relationship between COVID-19 and gastrointestinal manifestations and complications.

Overall gastrointestinal bleeding
2% (95%C10.01—0.04; >=99%)

& { Dry mouth Upper gastrointestinal bleeding Liverinjury
J 41%(95%C10.33—049; I=83%) | 1% (95%CI 0.00—0.03;1=99%)  27%(95%CI0.18—0.35; I=97%)

Oral lesions Nausea / vomiting Overall mortality in liver injury

.08

Loss of taste
3% (95%CI0.00—0.07; I=66%)

Anorexia
10%(95%C1 0.00—0.26; =95%)
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Increased pancreatic enzymes H J
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Overall mortality in increased 41% (95%CI 0.31—0.52; I=78%) 1% (93%CT 0.01—0.19; I=89%)
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41% (95%C10.27—0.55; P=83%)
Figure 1. Overview of COVID-19 gastrointestinal, hepatic, and pancreatic manifestations (Adapted

from references [14,28-30]).
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4. COVID-19 and the Liver

At the beginning of the pandemic, the behavior of COVID-19 was expected to be
similar to that of the SARS pandemic of 2003, where liver damage was reported in up to
60% of patients [31]. Early publications reported aberrations in liver tests, suggesting a
possible mechanism of liver damage different from that in SARS-CoV-2. Abnormal liver
function tests are frequently observed, with a prevalence as high as 76.3% and associated
with more severe disease with abnormal alanine aminotransferase (ALT) (OR 1.89; 95%
CI1.30-2.76; p = 0.009) and abnormal aspartate aminotransferase (AST) (OR 3.08; 95% CI
2.14-4.42; p < 0.0001) [22].

The pattern of liver damage has been associated with greater severity of the disease
with an OR of 2.73 (95% CI 1.19-6.3) for hepatocellular damage and an OR of 4.44 (95% CI
1.93-10.23) for mixed damage [32]. A meta-analysis that included 12,882 patients reported
AST elevation in 41.1% and ALT elevation in 29.1% of cases; acute liver damage was
reported in 26.5% of cases, which was associated with worse outcome (OR 1.68; 95% CI
1.04-2.70; p = 0.03) [33]. Abnormal liver tests in COVID-19 may be independent of the
presence of pre-existing liver disease [34], which suggests a direct effect of the virus on the
liver, among other mechanisms that are discussed below. In most cases, these alterations
are transient and nonsignificant [19].

4.1. Proposed Mechanisms of Liver Injury

The liver is the only organ with double blood supply (arterial and portal) and harvests
the largest reserve of macrophages, playing a crucial role in the immune response to SARS-
CoV-2 through hepatic stellar cells. In addition, endothelial cells in liver sinusoids register
and activate the immune response through Toll-like receptors [35].

The interaction between SARS-CoV-2 and the liver is under active investigation be-
cause ACE2 receptors are not expressed in Kupffer cells, hepatocytes, or endothelium of the
hepatic sinusoids [7]. By contrast, ACE2 receptors are expressed in vascular endothelium
and in cholangiocytes, almost in the same proportion as in the type II pneumocytes [31].
The endothelium of bile ducts is more susceptible to SARS-CoV-2, therefore the upregula-
tion of ACE2 receptors favors internalization of the virus and results in liver damage due
to compensatory proliferation of hepatocytes [19]. Interestingly, the expression of ACE2
receptors has been reported in fatty liver animal models [36] and in regeneration nodules
in liver cirrhosis [35], giving rise to the possibility of greater susceptibility to liver damage
in such patients.

Currently, there is no consensus on the exact mechanism of liver damage in COVID-19.
However, several hypotheses have been postulated: (1) direct cytopathic damage, (2) systemic
inflammatory response with immune-mediated collateral damage, (3) hypoxia and liver
ischemia, as in hypoxic hepatitis, (4) acute-on-chronic liver failure, and (5) drug-induced
and/or herbal-induced liver injury [37].

Direct cytopathic damage has not been demonstrated and in a study of postmortem
liver biopsies, only moderate lymphocytic lobular infiltrate and centrilobular sinusoidal
dilatation were reported, findings that the authors attributed to the patient’s previous
comorbidities [38]. In another postmortem study, no viral inclusions were found in the
liver parenchyma [39].

The terms “cytokine release syndrome” and “cytokine storm” have been described
in the medical literature since 1992 and refer to the role of a devastating effect of immune
dysregulation, characterized by constitutional symptoms, systemic inflammation, and
multiorgan dysfunction that can lead to multiorgan failure and death [40]. The cytokine
storm in COVID-19 is characterized by high circulating levels of interleukin-13, interferon-
v, and monocyte chemoattractant protein-1 [35], which upregulates the expression of ACE2
and TMPRSS2 receptors [6].

Hypoxic hepatitis refers to the massive, rapid rise in serum aminotransferases as a
result of reduced oxygen delivery to the liver, which most common in cardiac failure, septic
shock, and respiratory failure, but may occur in the absence of hypotension or a shock state
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in about 50% of cases [41]. In COVID-19, hypoxic hepatitis may be secondary to septic
shock, COVID-related myocarditis (as cardiogenic shock), and ventilator complications [42].
In a series of 40 patients who died of complications of COVID-19, congestion and centrilob-
ular ischemic necrosis were found in 78% and 40% of cases, respectively [43]. Hypoxic
hepatitis may be considered among the differential diagnoses of liver injury in patients
with COVID-19.

Acute-on-chronic liver failure (ACLF) refers to an acute decompensation in patients
with chronic liver disease that is associated with a high risk of short-term mortality [44].
This syndrome is characterized by intense systemic inflammation, a close precipitating
event, and single or multiple organ failure [45]. The mortality burden of ACLF in wait-
listed patients is high, with prompt liver transplantation required in survivors. It has
been hypothesized that patients with cirrhosis and ACLF have an increased risk of de-
veloping severe COVID-19 because of immune dysregulation (or immune paralysis). In
cirrhosis, immune dysregulation is responsible for 30% of the mortality and is characterized
by increases in anti-inflammatory cytokines, suppression of proinflammatory cytokines,
increased gut permeability, reduced intestinal transit, and altered intestinal microbiota,
which increases the risk of bacterial translocation and endotoxemia [46]. In a study that
included 2460 patients, 35% met the definition of ACLF from the European Association for
the Study of the Liver (EASL)-Chronic Liver Failure Consortium and exhibited prolonged
hospital stay (14.7 £ 17.3 days vs. 5.4 £ 5.3 days, p = 0.004), severe COVID-19 (25% vs. 3%,
p = 0.03), need for intensive care unit (45% vs. 11%, p = 0.003), and higher mortality (30%
vs. 5%, p = 0.01) than patients without ACLF [47].

Drug-induced liver injury (DILI) and herb-induced liver injury (HILI) are defined
as liver dysfunction and/or abnormalities in liver function tests secondary to the use of
medications, herbs, or xenobiotics within the reasonable exclusion of other etiologies [48].
Many drugs have been used to treat patients with COVID-19, including antiviral agents
(e.g., lopinavir, ritonavir, remdesivir, darunavir, umifenovir, and favipiravir), antibiotics
(e.g., azithromycin), antimalarials (e.g., chloroquine and hydroxychloroquine), monoclonal
antibodies (e.g., tocilizumab), JAK inhibitors (e.g., baricitinib), tyrosin kinase inhibitors
(e.g., imatinib) [49,50], complementary alternative medicine (e.g., chlorine dioxide and
Ayurvedic Kadha), and home remedies (Allium sativum) [51], many of which have been
associated with hepatotoxicity alone or in combination as compassionate treatment. In
this context, the Réseau d’Etude Francophone de I'Hépatotoxicité des Produits de Santé,
a European study network focused on DILI, reported four cases of lopinavir/ritonavir
suspected hepatotoxicity [52]. In clinical practice, polypharmacy is not uncommon, and
physicians must be aware of DILI and HILI as potential causes of liver injury in patients
with COVID-19. The same work-up and recommendations for patients without COVID-19
should be started upon suspicion of polypharmacy and DILI, especially discontinuation of
the offending drug.

The exact mechanism of liver damage in COVID-19 is complex, challenging, and
multifactorial in nature.

4.2. Implications in Fatty Liver Disease

Information concerning the association of hepatic steatosis and fibrosis with COVID-19
outcomes is limited. A more severe illness and worse outcomes are expected because a
higher expression of ACE2 receptors has been found in hepatocytes of animal models of
fatty liver [36].

A retrospective study that included 202 patients with fatty liver assessed by a hepatic
steatosis index (HSI) > 36 points and/or confirmation by liver ultrasound reported a higher
risk of progression of COVID-19 (6.6% vs. 44.7%, p < 0.00001) and longer shedding time
(17.5 days vs. 12.1 days, p < 0.00001) in comparison with patients without fatty liver
disease [53].

Obesity and metabolic syndrome are common risk factors for metabolic associated
fatty liver disease (MAFLD) and in many cases coexist with COVID-19 in an alarming
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way. A prospective study of 214 patients with COVID-19 reported a 30.8% prevalence of
MAFLD, of whom 68.2% had obesity associated with greater severity of disease (OR 6.32;
95% CI1.16-34.54, p = 0.033) [54].

Establishing the risk of MAFLD through noninvasive predictive models at the time of
hospitalization for COVID-19 may result in an overestimation of the prevalence of MAFLD
because biomarkers (e.g., transaminases) used in the models (e.g., HSI, NAFLD-FS) may be
altered by COVID-19. In addition, imaging techniques such as ultrasound have an overall
sensitivity of 84.8% (95% CI 79.5-88.9) and a specificity of 93.6% (95% CI 87.2-97.0) for the
detection of moderate to severe fatty liver [55], which could be considered as a reliable
bedside diagnostic tool for fatty liver and for excluding other causes of abnormal liver tests.

In a systematic review and meta-analysis including 16 observational studies and
1746 MAFLD patients, the prevalence of COVID-19 was 29% (95% CI 0.19-0.40, p = 0.04)
and was associated with increased severity (OR 3.07; 95% CI 2.30—4.09) and risk of ICU
admission (OR 1.46; 95% CI 1.12-1.91, p = 0.28) but not associated with mortality (OR
1.45; 95% C1 0.74-2.87, p > 0.05) [56]. Patients with MAFLD seem to be at higher risk of
developing complications related to COVID-19, but further research is needed.

4.3. Implications in Liver Cirrhosis

Liver cirrhosis is estimated to affect 4.5-9% of the world’s population [57], and a
high proportion of patients with cirrhosis are expected to be infected with COVID-19.
A multicenter study of 160 patients reported a prevalence of advanced fibrosis of 28.1%
assessed with FIB-4 > 2.67, which was associated with a higher risk for requiring intensive
care (OR 3.41; 95% CI 1.30-8.92) [58].

The two most important international registries of patients with chronic liver dis-
ease and COVID-19 are COVID-Hep.net (University of Oxford and EASL) and SECURE-
Cirrhosis Registry (University of North Carolina at Chapel Hill). In the first report, which
included 745 patients (386 with cirrhosis and 359 controls), a mortality of 32% was found in
patients with cirrhosis, which increased according to liver disease severity to 35% (OR 4.14;
95% CI 1.03-3.52) in Child—Pugh B and 51% (OR 9.32; 95% CI 4.80-18.08) in Child-Pugh
C. Acute decompensation was observed in 46% of cases, of which 21% had no respiratory
symptoms and 50% presented as ACLF [59].

An additional concern during the COVID-19 pandemic is the role of immunosuppres-
sion in patients with autoimmune liver diseases due to the increased risk of respiratory
tract infections. However, a greater severity of infection has not yet been demonstrated in
this group of patients. In this regard, recommendations for the approach to this group of
patients are summarized in Table 2 [60].

Table 2. Recommendations for patients with autoimmune liver disease and COVID-19 (adapted from
Lleo [60]).

Summary of Recommendations

Organize independent access to health services to avoid contact with COVID-19-positive patients.
Limit invasive screening procedures to only emergency interventions (e.g., endoscopy).
Initiate immunosuppressive treatment at standard doses for the treatment of exacerbation of
autoimmune hepatitis.

Coordinate care with the transplant committee in case of acute liver failure.

Reduce immunosuppression in case of infection, especially antimetabolites in patients

with lymphopenia.

4.4. Implications in Liver Transplantation

Since 1980, transplant programs around the world have responded to the pandemics
of HIV, SARS-CoV, East Nile Virus, Influenza A/HIN1, Zika, and Ebola, maintaining
their operation with the evaluation of the transmission to the donor, the severity of the
disease in the recipient, and the risk of transmission to health personnel [61]. Unlike other
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solid organ transplant programs where alternatives or bridging therapies exist, such as
hemodialysis, cardiac assist devices, and extracorporeal membrane oxygenation, in the
case of patients with acute liver failure or end-stage liver disease, liver transplantation is
the only treatment alternative. Currently, liver transplantation programs are among the
most vulnerable around the world.

During the COVID-19 pandemic, the availability of intensive care beds has been
vital, and this need is shared by transplant programs whose patients require specialized
postoperative care. Therefore, a staggered-phase approach has been proposed with a
decrease in the activity of transplant programs according to the tolerance of transplant risk,
hospital capacity, and pandemic activity in the locality [61]. In a health system completely
overwhelmed by the care of COVID-19 patients, the transplant program must be reduced
by 100%.

Early experience at the beginning of the COVID-19 pandemic has been reported in
a prospective nationwide study containing 111 liver transplant patients with COVID-19.
At a median of 23 days, up to 86.5% of patients were hospitalized, 19.8% required intu-
bation, 10.88% were admitted to the intensive care unit, and 18% died [62]. Currently,
there is no consensus regarding the time of liver transplant in patients with COVID-19.
Even so, successful liver transplants have been reported in patients with asymptomatic
COVID-19 [63].

Recently, a study involving 792 patients from the EASL-COVID-Hep network and
283 patients from the UK OCTAVE study were compared with 93 healthy controls from the
UK PITCH consortium. The study reported that liver transplant recipients had reduced
anti-S Ig titer following two doses of BNT162b2 or ChAdOx1 vaccines [64]. It is still
unknown why liver transplant patients failed to generate a response following vaccination.

4.5. COVID-19 and Inflammatory Bowel Disease

Patients with inflammatory bowel disease (IBD) share a similar inflammatory cytokine
profile with acute exacerbation and “cytokine storm”, and such patients could benefit from
treatment with interleukin-1 or interleukin-6 antagonists [65].

Two forms of the ACE2 receptor have been described, a soluble one that lacks a
transmembrane domain and circulates in small amounts in the bloodstream and a complete
one made up of an extracellular domain and a transmembrane domain and is responsible
for the internalization of the virus into the host cell [66]. The soluble ACE2 receptor is
upregulated in patients with IBD, and in vitro studies have shown that it can prevent virus
binding to the transmembrane ACE2 receptor by acting as a competitive inhibitor [65].

In a multicenter study from the SECURE-IBD database (University of North Carolina
at Chapel Hill), 232 patients with IBD (101 with Crohn’s disease, 93 with ulcerative colitis,
and 38 with indeterminate colitis) were compared with 19,776 controls, and although there
was no difference between the groups regarding the severity of the infection, the risk of
severe COVID-19 was higher in patients under treatment with steroids (OR 1.60, 95%
CI1.01-2.57; p = 0.04) [67]. From this database, 209 patients under 18 years of age were
analyzed and hospitalization was required in 7% with 1% requiring mechanical ventilation;
no mortality was reported. Interestingly, patients receiving anti-TNF monotherapy had a
lower rate of hospitalization (7% vs. 51%, p < 0.01) [68].

A meta-analysis containing 24 studies reported a pooled incidence rate of COVID-19
of 4.02 per 1000 persons with IBD (95% CI 1.44-11.17, I? = 98%) with a pooled relative risk
of acquiring COVID-19 no different from the general population (0.47; 95% CI 0.18-1.26,
2 = 89%) nor type of IBD (1.03, 95% CI 0.62-1.71, I? = 0); pooled mortality was 4.27% [69].
As reported in previous studies, the relative risk of hospitalization, intensive care unit
admission, and mortality was lower for patients on biologics but higher for those taking
steroids or 5-aminosalicylates. In a prospective study including 5457 patients with IBD (I-
CARE project), 4.3% reported COVID-19 with 0.2% severe cases and no COVID-19-related
mortality [70]. Currently, there is no evidence that IBD is associated with a higher risk of
COVID-19 infection or worse outcomes.
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Similar to autoimmune liver diseases, IBD relapse may occur with inappropriate dis-
continuation of corticosteroids, antimetabolites, immunomodulators, and/or biologics [71].
Therefore, discussion with IBD experts is warranted in the treatment and follow-up of
these patients.

4.6. COVID-19 and the Pancreas

Because COVID-19 manifests as a multisystemic disease, pancreatic involvement is ex-
pected, although limited evidence is available. Multiple viruses affect the pancreas, includ-
ing hepatotropic viruses (hepatitis A, B, and E, Epstein—Barr, Coxsackie, Cytomegalovirus,
and herpes zoster), as well as HIV, mumps, measles, and varicella zoster [72].

Higher levels of ACE2 messenger RNA have been found in the pancreas than in the
lungs, a finding that could explain the pancreatic damage with infection [73]. In addition,
obesity increases visceral adipose tissue, including intrapancreatic fat, in which the content
of unsaturated fatty acids from triglycerides in adipocytes is released by hydrolysis and
perpetuates fat necrosis in cases of acute pancreatitis that ultimately results in a “cytokine
storm” and multi-organ failure, a similar scenario to that observed in COVID-19 [72].

Although the presence of SARS-CoV-2 in the pancreas has not been demonstrated in
necropsy studies of patients with COVID-19, in 2004 SARS-CoV was detected by murine
monoclonal antibodies in four patients with SARS [74]. Because of the similarity in viral
structure and pathogenesis of SARS-CoV with SARS-CoV-2, a similar distribution can be
expected in tissues and organs between the two viruses.

Abnormal pancreatic enzyme levels have been described in 8.5% to 17.3% of COVID-19
cases. Nonetheless, only 0.76% of cases met the Atlanta criteria for acute pancreatitis [72].
In a multicenter retrospective study of 71 hospitalized patients with COVID-19, only 12.1%
presented with hyperlipasemia and 2.8% had a report of serum lipase levels at least three
times the upper limit of normal, which was not associated with worse outcomes and no
patient met the criteria for acute pancreatitis [75]. In patients with severe COVID-19, a
higher prevalence of elevated pancreatic enzymes has been reported, and in a retrospective
study of 1003 patients, 16.8% presented with lipase more than three times the upper limit
of normal, which was associated with a higher rate of admission to intensive care (OR 8.93;
95% CI 2.43-38.5, p < 0.002) and intubation (OR 12.5; 95% CI 2.95-68.4, p < 0.002) when
reported in the range of 81 to 701 IU/L [76].

Most cases of acute pancreatitis have been documented in patients with severe
COVID-19, even without respiratory symptoms at the onset of the disease [72]. In a
multicenter retrospective study of 48,012 hospitalized patients, only 0.39% met acute pan-
creatitis criteria, of whom 17% had COVID-19, and this combination was associated with a
higher rate of intubation (OR 5.65; 95% CI 1.49-21.52, p = 0.01) and length of hospital stay
(OR 3.22; 95% C11.34-7.75, p = 0.009) compared with patients without COVID-19 [77].

Finally, treatments used for COVID-19 can precipitate acute pancreatitis both directly
(e.g., steroids and baricitinib) and indirectly (e.g., hypertriglyceridemia from tocilizumab
and lopinavir/ritonavir) [72]. Therefore, although acute pancreatitis is not the most frequent
manifestation of COVID-19, it should be considered within the differential diagnosis of
patients with gastrointestinal symptoms, specifically abdominal pain.

As expected, in a study comparing admissions for acute pancreatitis (baseline group)
with admissions during the same period in 2020 (pandemic group), patients in the pandemic
group were more likely to present with systemic inflammatory response syndrome (40% vs.
25%, p < 0.01) and pancreatic necrosis (14% vs. 10%, p = 0.03), reflecting an avoidance of
hospitalization for milder cases [78].

5. Conclusions

The role of the gastrointestinal tract in terms of presentation, progression, and out-
comes in COVID-19 infection is becoming increasingly more important. Gastrointestinal
symptoms and liver damage are common and can be associated with worse outcomes.
Patients with cirrhosis are at increased risk of severe COVID-19. Patients with IBD are not
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at higher risk of complications, except for those on steroids. Inmunosuppressive treatment
should be continued and adjusted according to the clinical scenario of each individual case.
Evidence of pancreatic involvement in patients with COVID-19 is still scarce.

Author Contributions: Conceptualization, J.A.-M., M.U. and N.C.-T.; methodology, J.A.-M. and
N.C.-T,; investigation, J.A.-M.; writing—original draft preparation, J.A.-M. and N.C.-T.; writing—
review and editing, ].A.-M. and N.C.-T.; visualization, J.A.-M.; supervision, M.U. and N.C.-T.; funding
acquisition, M.U. All authors have read and agreed to the published version of the manuscript.

Funding: This research was partially funded by Medica Sur Clinic & Foundation.
Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: The authors acknowledge the use of Servier Medical Art, provided by Servier,
licensed under a Creative Commons Attribution 3.0 unported license, for partially generating Figure 1.

Conflicts of Interest: All authors declare no conflict of interest.

References

1.

11.

12.

13.

14.

15.

16.

17.

WHO Director-General’s Opening Remarks at the Media Briefing on COVID-19—11 March 2020. Available online: https://www.
who.int/dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
(accessed on 17 October 2020).

Shereen, M.A.; Khan, S.; Kazmi, A.; Bashir, N.; Siddique, R. COVID-19 Infection: Origin, Transmission, and Characteristics of
Human Coronaviruses. J. Adv. Res. 2020, 24, 91-98. [CrossRef] [PubMed]

Huang, C.; Wang, Y.; Li, X.; Ren, L.; Zhao, ].; Hu, Y;; Zhang, L.; Fan, G.; Xu, ].; Gu, X,; et al. Clinical Features of Patients Infected
with 2019 Novel Coronavirus in Wuhan, China. Lancet 2020, 395, 497-506. [CrossRef]

Amoroso, L.; Simonato, L.E.; Ramos, R.R. Phylogeny and Pathogenesis of SARS-CoV-2: A Systematic Study. J. Mod. Med. Chem.
2020, 8, 49-55.

Wu, F; Zhao, S.; Yu, B.; Chen, YM.; Wang, W.; Song, Z.G.; Hu, Y.; Tao, ZW.,; Tian, J.H.; Pei, Y.Y,; et al. A New Coronavirus
Associated with Human Respiratory Disease in China. Nature 2020, 579, 265-269. [CrossRef] [PubMed]

Ziegler, C.G.K,; Allon, S.J.; Nyquist, S.K.; Mbano, LM.; Miao, V.N.; Tzouanas, C.N.; Cao, Y.; Yousif, A.S.; Bals, J.; Hauser, B.M,; et al.
SARS-CoV-2 Receptor ACE2 Is an Interferon-Stimulated Gene in Human Airway Epithelial Cells and Is Detected in Specific Cell
Subsets across Tissues. Cell 2020, 181, 1016-1035.e19. [CrossRef] [PubMed]

Hamming, I.; Timens, W.; Bulthuis, M.L.C ; Lely, A.T.; Navis, G.J.; van Goor, H. Tissue Distribution of ACE2 Protein, the Functional
Receptor for SARS Coronavirus. A First Step in Understanding SARS Pathogenesis. J. Pathol. 2004, 203, 631-637. [CrossRef]
D’Amico, F,; Baumgart, D.C.; Danese, S.; Peyrin-Biroulet, L. Diarrhea during COVID-19 Infection: Pathogenesis, Epidemiology,
Prevention and Management. Clin. Gastroenterol. Hepatol. 2020, 18, 1663-1672. [CrossRef]

Hindson, J. COVID-19: Faecal-Oral Transmission? Nat. Rev. Gastroenterol. Hepatol. 2020, 17, 259. [CrossRef]

Tian, Y.; Rong, L.; Nian, W.; He, Y. Review Article: Gastrointestinal Features in COVID-19 and the Possibility of Faecal
Transmission. Aliment. Pharmacol. Ther. 2020, 51, 843-851. [CrossRef]

Yeo, C.; Kaushal, S.; Yeo, D. Enteric Involvement of Coronaviruses: Is Faecal-Oral Transmission of SARS-CoV-2 Possible? Lancet
Gastroenterol. Hepatol. 2020, 5, 335-337. [CrossRef]

Xiao, F,; Tang, M.; Zheng, X.; Liu, Y.; Li, X.; Shan, H. Evidence for Gastrointestinal Infection of SARS-CoV-2 Fei. Gastroenterology
2020, 158, 1831-1833. [CrossRef] [PubMed]

Farsi, Y.; Tahvildari, A.; Arbabi, M.; Vazife, E; Sechi, L.A.; Shahidi Bonjar, A.H.; Jamshidi, P.; Nasiri, M.].; Mirsaeidi, M. Diagnostic,
Prognostic, and Therapeutic Roles of Gut Microbiota in COVID-19: A Comprehensive Systematic Review. Front. Cell. Infect.
Microbiol. 2022, 12, 804644. [CrossRef] [PubMed]

Chen, T.; Hsu, M.; Lee, M.; Chou, C. Gastrointestinal Involvement in SARS-CoV-2 Infection. Viruses 2022, 14, 1188-1205.
[CrossRef] [PubMed]

Jiao, L.; Li, H.; Xu, J.; Yang, M.; Ma, C.; Li, J.; Zhao, S.; Wang, H.; Yang, Y.; Yu, W.; et al. The Gastrointestinal Tract Is an Alternative
Route for SARS-CoV-2 Infection in a Nonhuman Primate Model. Gastroenterology 2021, 160, 1647-1661. [CrossRef]

Wang, W.; Xu, Y,; Gao, R.; Han, K,; Wu, G.; Tan, W. Detection of SARS-CoV-2 in Different Types of Clinical Specimens. JAMA
2020, 323, 1843-1844. [CrossRef] [PubMed]

Irham, L.M.; Chou, W.H.; Calkins, M.].; Adikusuma, W.; Hsieh, S.L.; Chang, W.C. Genetic Variants That Influence SARS-CoV-2
Receptor TMPRSS2 Expression among Population Cohorts from Multiple Continents. Biochem. Biophys. Res. Commun. 2020,
529, 263-269. [CrossRef]


https://www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
http://doi.org/10.1016/j.jare.2020.03.005
http://www.ncbi.nlm.nih.gov/pubmed/32257431
http://doi.org/10.1016/S0140-6736(20)30183-5
http://doi.org/10.1038/s41586-020-2008-3
http://www.ncbi.nlm.nih.gov/pubmed/32015508
http://doi.org/10.1016/j.cell.2020.04.035
http://www.ncbi.nlm.nih.gov/pubmed/32413319
http://doi.org/10.1002/path.1570
http://doi.org/10.1016/j.cgh.2020.04.001
http://doi.org/10.1038/s41575-020-0295-7
http://doi.org/10.1111/apt.15731
http://doi.org/10.1016/S2468-1253(20)30048-0
http://doi.org/10.1053/j.gastro.2020.02.055
http://www.ncbi.nlm.nih.gov/pubmed/32142773
http://doi.org/10.3389/fcimb.2022.804644
http://www.ncbi.nlm.nih.gov/pubmed/35310853
http://doi.org/10.3390/v14061188
http://www.ncbi.nlm.nih.gov/pubmed/35746659
http://doi.org/10.1053/j.gastro.2020.12.001
http://doi.org/10.1001/jama.2020.3786
http://www.ncbi.nlm.nih.gov/pubmed/32159775
http://doi.org/10.1016/j.bbrc.2020.05.179

Trop. Med. Infect. Dis. 2022, 7,187 10 of 12

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.
39.
40.

41.
42.

Cao, Y,; Li, L.; Feng, Z.; Wan, S.; Huang, P,; Sun, X.; Wen, F; Huang, X.; Ning, G.; Wang, W. Comparative Genetic Analysis of the
Novel Coronavirus (2019-NCoV /SARS-CoV-2) Receptor ACE2 in Different Populations. Cell Discov. 2020, 6, 11. [CrossRef]
Patel, K.P; Patel, PA.; Vunnam, R R.; Hewlett, A.T,; Jain, R;; Jing, R.; Vunnam, S.R. Gastrointestinal, Hepatobiliary, and Pancreatic
Manifestations of COVID-19. J. Clin. Virol. 2020, 128, 104386. [CrossRef]

Schmulson, M.; Davalos, M.E; Berumen, J. Beware: Gastrointestinal Symptoms Can Be a Manifestation of COVID-19. Rev.
Gastroenterol. Mex. 2020, 85, 282-287. [CrossRef]

Deidda, S.; Tora, L.; Firinu, D.; Del Giacco, S.; Campagna, M.; Meloni, E; Orru, G.; Chessa, L.; Carta, M.G.; Melis, A.; et al.
Gastrointestinal Coronavirus Disease 2019: Epidemiology, Clinical Features, Pathogenesis, Prevention, and Management. Expert
Rev. Gastroenterol. Hepatol. 2021, 15, 41-50. [CrossRef]

Mao, R; Qiu, Y;; He, ].S.; Tan, J.Y.; Li, X.H.; Liang, J.; Shen, J.; Zhu, L.R; Chen, Y.; Iacucci, M.; et al. Manifestations and Prognosis of
Gastrointestinal and Liver Involvement in Patients with COVID-19: A Systematic Review and Meta-Analysis. Lancet Gastroenterol.
Hepatol. 2020, 5, 667-678. [CrossRef]

Dong, Z.Y.; Xiang, B.].; Jiang, M.; Sun, M.].; Dai, C. The Prevalence of Gastrointestinal Symptoms, Abnormal Liver Function,
Digestive System Disease and Liver Disease in COVID-19 Infection. J. Clin. Gastroenterol 2021, 55, 67-76. [CrossRef] [PubMed]
Singh, S.; Samanta, J.; Suri, V.; Bhalla, A.; Puri, G.D.; Sehgal, R.; Kochhar, R. Presence of Diarrhea Associated with Better Outcomes
in Patients with COVID-19—A Prospective Evaluation. Indian J. Med. Microbiol. 2022. in press. [CrossRef] [PubMed]

Natarajan, A.; Zlitni, S.; Brooks, E.F.; Vance, S.E.; Dahlen, A.; Hedlin, H.; Park, R.M.; Han, A.; Schmidtke, D.T.; Verma, R.; et al.
Gastrointestinal Symptoms and Fecal Shedding of SARS-CoV-2 RNA Suggest Prolonged Gastrointestinal Infection. Med. (N. Y)
2022, 3, 371-387.€9. [CrossRef]

Sneller, M.C.; Liang, C.J.; Marques, A.R.; Chung, ].Y.; Shanbhag, S.M.; Fontana, J.R.; Raza, H.; Okeke, O.; Dewar, RL,;
Higgins, B.P; et al. A Longitudinal Study of COVID-19 Sequelae and Immunity: Baseline Findings. Ann. Intern. Med. 2022,
175, 969-979. [CrossRef] [PubMed]

Keshavarz, P; Rafiee, F; Kavandi, H.; Goudarzi, S.; Heidari, F; Gholamrezanezhad, A. Ischemic Gastrointestinal Complications
of COVID-19: A Systematic Review on Imaging Presentation. Clin. Imaging 2021, 73, 86-95. [CrossRef]

Qi, X.; Northridge, M.E.; Hu, M.; Wu, B. Oral Health Conditions and COVID-19: A Systematic Review and Meta-Analysis of the
Current Evidence. Aging Health Res. 2022, 2, 100064. [CrossRef]

Yadav, D.K,; Singh, A.; Zhang, Q.; Bai, X.; Zhang, W.; Yadav, R K.; Singh, A.; Zhiwei, L.; Adhikari, V.P; Liang, T. Involvement of
Liver in COVID-19: Systematic Review and Meta-Analysis. Gut 2021, 70, 807-809. [CrossRef]

Yang, F.; Xu, Y,; Dong, Y.; Huang, Y.; Fu, Y,; Li, T,; Sun, C.; Pandanaboyana, S.; Windsor, J.A.; Fu, D. Prevalence and Prognosis
of Increased Pancreatic Enzymes in Patients with COVID-19: A Systematic Review and Meta-Analysis. Pancreatology 2022,
22,539-546. [CrossRef]

Jothimani, D.; Venugopal, R.; Abedin, M.E,; Kaliamoorthy, I.; Rela, M. COVID-19 and the Liver. J. Hepatol. 2020, 73, 1231-1240.
[CrossRef]

Cai, Q.; Huang, D.; Yu, H.; Zhu, Z,; Xia, Z.; Su, Y.; Li, Z.; Zhou, G.; Gou, J.; Qu, J.; et al. COVID-19: Abnormal Liver Function Tests.
J. Hepatol. 2020, 73, 566-574. [CrossRef] [PubMed]

Sharma, A.; Jaiswal, P; Kerakhan, Y.; Saravanan, L.; Murtaza, Z.; Zergham, A.; Honganur, N.-S.; Akbar, A.; Deol, A,
Francis, B.; et al. Liver Disease and Outcomes among COVID-19 Hospitalized Patients—A Systematic Review and Meta-Analysis.
Ann. Hepatol. 2021, 21, 100273. [CrossRef] [PubMed]

Zhang, C.; Shi, L.; Wang, ES. Liver Injury in COVID-19: Management and Challenges. Lancet Gastroenterol. Hepatol. 2020,
5, 428-430. [CrossRef]

Lizardo-Thiebaud, M.]J.; Cervantes-Alvarez, E.; Limon-de la Rosa, N.; Tejeda-Dominguez, F; Palacios-Jimenez, M.;
Meéndez-Guerrero, O.; Delaye-Martinez, M.; Rodriguez-Alvarez, F; Romero-Morales, B.; Liu, W.-H.; et al. Direct or Col-
lateral Liver Damage in SARS-CoV-2-Infected Patients. Semin. Liver Dis. 2020, 40, 321-330. [CrossRef]

Zhang, W.; Li, C; Liu, B.; Wu, R.; Zou, N; Xu, Y.Z,; Yang, Y.Y.; Zhang, F.; Zhou, HM.; Wan, K.Q; et al. Pioglitazone Upregulates
Hepatic Angiotensin Converting Enzyme 2 Expression in Rats with Steatohepatitis. Ann. Hepatol. 2013, 12, 892-900. [CrossRef]
Meéndez-Sanchez, N.; Valencia-Rodriguez, A.; Qi, X.; Yoshida, E.M.; Romero-Gémez, M.; George, J.; Eslam, M.; Abenavoli, L.;
Xie, W.; Teschke, R.; et al. What Has the COVID-19 Pandemic Taught Us so Far? Addressing the Problem from a Hepatologist’s
Perspective. J. Clin. Transl. Hepatol. 2020, 8, 109-112. [CrossRef]

Tian, S.; Xiong, Y.; Liu, H.; Niu, L.; Guo, J.; Liao, M.; Xiao, S.Y. Pathological Study of the 2019 Novel Coronavirus Disease
(COVID-19) through Postmortem Core Biopsies. Mod. Pathol. 2020, 33, 1007-1014. [CrossRef]

Barton, L.M.; Duval, E.J.; Stroberg, E.; Ghosh, S.; Mukhopadhyay, S. COVID-19 Autopsies, Oklahoma, USA. Am. |. Clin. Pathol.
2020, 153, 725-733. [CrossRef]

Fajgenbaum, D.C.; June, C.H. Cytokine Storm. N. Engl. ]. Med. 2020, 383, 2255-2273. [CrossRef]

Waseem, N.; Chen, P.H. Hypoxic Hepatitis: A Review and Clinical Update. J. Clin. Transl. Hepatol. 2016, 4, 263-268.

Hamid, S.; Alvares Da Silva, M.R.; Burak, KW.; Chen, T.; Drenth, J.P.H.; Esmat, G.; Gaspar, R.; Labrecque, D.; Lee, A,;
Macedo, G.; et al. WGO Guidance for the Care of Patients with COVID-19 and Liver Disease. |. Clin. Gastroenterol. 2021, 55, 1-11.
[CrossRef] [PubMed]


http://doi.org/10.1038/s41421-020-0147-1
http://doi.org/10.1016/j.jcv.2020.104386
http://doi.org/10.1016/j.rgmxen.2020.04.001
http://doi.org/10.1080/17474124.2020.1821653
http://doi.org/10.1016/S2468-1253(20)30126-6
http://doi.org/10.1097/MCG.0000000000001424
http://www.ncbi.nlm.nih.gov/pubmed/33116063
http://doi.org/10.1016/j.ijmmb.2022.04.002
http://www.ncbi.nlm.nih.gov/pubmed/35483999
http://doi.org/10.1016/j.medj.2022.04.001
http://doi.org/10.7326/M21-4905
http://www.ncbi.nlm.nih.gov/pubmed/35605238
http://doi.org/10.1016/j.clinimag.2020.11.054
http://doi.org/10.1016/j.ahr.2022.100064
http://doi.org/10.1136/gutjnl-2020-322072
http://doi.org/10.1016/j.pan.2022.03.014
http://doi.org/10.1016/j.jhep.2020.06.006
http://doi.org/10.1016/j.jhep.2020.04.006
http://www.ncbi.nlm.nih.gov/pubmed/32298767
http://doi.org/10.1016/j.aohep.2020.10.001
http://www.ncbi.nlm.nih.gov/pubmed/33075578
http://doi.org/10.1016/S2468-1253(20)30057-1
http://doi.org/10.1055/s-0040-1715108
http://doi.org/10.1016/S1665-2681(19)31294-3
http://doi.org/10.14218/JCTH.2020.00024
http://doi.org/10.1038/s41379-020-0536-x
http://doi.org/10.1093/ajcp/aqaa062
http://doi.org/10.1056/NEJMra2026131
http://doi.org/10.1097/MCG.0000000000001459
http://www.ncbi.nlm.nih.gov/pubmed/33230011

Trop. Med. Infect. Dis. 2022, 7,187 11 of 12

43.

44.
45.
46.
47.

48.
49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Lagana, S.M.; Kudose, S.; Iuga, A.C.; Lee, M.].; Fazlollahi, L.; Remotti, H.E.; Del Portillo, A.; De Michele, S.; de Gonzalez, A K,;
Saqi, A.; et al. Hepatic Pathology in Patients Dying of COVID-19: A Series of 40 Cases Including Clinical, Histologic, and Virologic
Data. Mod. Pathol. 2020, 33, 2147-2155. [CrossRef] [PubMed]

Arroyo, V.; Moreau, R.; Jalan, R. Acute-on-Chronic Liver Failure. N. Engl. ]. Med. 2020, 382, 2137-2145. [CrossRef] [PubMed]
Asrani, S.K.; O'Leary, ].G. Acute-On-Chronic Liver Failure. Clin. Liver Dis. 2014, 18, 561-574. [CrossRef]

Noor, M.T.; Manoria, P. Immune Dysfunction in Cirrhosis. J. Clin. Transl. Hepatol. 2017, 5, 50-58. [CrossRef]

Kumar, P.; Sharma, M.; Sulthana, S.F.; Kulkarni, A.; Rao, PN.; Reddy, D.N. SARS-CoV-2 Related Acute on Chronic Liver Failure
(S-ACLF). J. Clin. Exp. Hepatol. 2021, 11, 404-406. [CrossRef]

Suk, K.T.; Kim, D.J. Drug-Induced Liver Injury: Present and Future. Clin. Mol. Hepatol. 2012, 18, 249-257. [CrossRef]

Alqgahtani, S.A.; Schattenberg, ].M. Liver Injury in COVID-19: The Current Evidence. United Eur. Gastroenterol. J. 2020, 8, 509-519.
[CrossRef]

Boeckmans, J.; Rodrigues, R.M.; Demuyser, T.; Piérard, D.; Vanhaecke, T.; Rogiers, V. COVID-19 and Drug-Induced Liver Injury:
A Problem of Plenty or a Petty Point? Arch. Toxicol. 2020, 94, 1367-1369. [CrossRef]

Charan, J.; Bhardwaj, P.; Dutta, S.; Kaur, R.; Bist, S.K,; Detha, M.D.; Kanchan, T.; Yadav, D.; Mitra, P.; Sharma, P. Use of
Complementary and Alternative Medicine (CAM) and Home Remedies by COVID-19 Patients: A Telephonic Survey. Indian J.
Clin. Biochem. 2020, 36, 108-111. [CrossRef]

Olry, A.; Meunier, L.; Délire, B.; Larrey, D.; Horsmans, Y.; Le Louét, H. Drug-Induced Liver Injury and COVID-19 Infection: The
Rules Remain the Same. Drug Saf. 2020, 43, 615-617. [CrossRef] [PubMed]

Ji, D.; Qin, E.; Xu, J.; Zhang, D.; Cheng, G.; Wang, Y.; Lau, G. Non-Alcoholic Fatty Liver Diseases in Patients with COVID-19: A
Retrospective Study. J. Hepatol. 2020, 73, 451-453. [CrossRef] [PubMed]

Zheng, K.I.; Gao, F; Wang, X.B.; Sun, Q.F; Pan, KH.; Wang, T.Y.; Ma, H.L.; Liu, W.Y.; George, J.; Zheng, M.H. Letter to the Editor:
Obesity as a Risk Factor for Greater Severity of COVID-19 in Patients with Metabolic Associated Fatty Liver Disease. Metabolism
2020, 108, 154244. [CrossRef]

Hernaez, R.; Lazo, M.; Bonekamp, S.; Kamel, I; Brancati, F.L.; Guallar, E.; Clark, ].M. Diagnostic Accuracy and Reliability of
Ultrasonography for the Detection of Fatty Liver: A Meta-Analysis. Hepatology 2011, 54, 1082-1090. [CrossRef] [PubMed]
Hayat, U.; Ashfaq, M.Z.; Johnson, L.; Ford, R.; Wuthnow, C.; Kadado, K.; El Jurdi, K.; Okut, H.; Kilgore, W.R.; Assi, M.; et al.
The Association of Metabolic-Associated Fatty Liver Disease with Clinical Outcomes of COVID-19: A Systematic Review and
Meta-Analysis. Kansas |. Med. 2022, 15, 241-246. [CrossRef] [PubMed]

Meéndez-Sanchez, N.; Zamarripa-Dorsey, E.; Panduro, A.; Purén-Gonzalez, E.; Coronado-Alejandro, E.U.; Cortez-Hernandez,
C.A,; de la Tijera, FH.; Pérez-Hernandez, ].L.; Cerda-Reyes, E.; Rodriguez-Hernandez, H.; et al. Current Trends of Liver Cirrhosis
in Mexico: Similitudes and Differences with Other World Regions. World J. Clin. Cases 2018, 6, 922-930. [CrossRef]
Ibanez-Samaniego, L.; Bighelli, F.; Usén, C.; Caravaca, C.; Carrillo, C.F.; Romero, M.; Barreales, M.; Perello, C.; Madejon, A.;
Marcos, A.C.; et al. Elevation of Liver Fibrosis Index FIB-4 Is Associated With Poor Clinical Outcomes in Patients With COVID-19.
J. Infect. Dis. 2020, 222, 726-733. [CrossRef]

Marjot, T.; Moon, A.M.; Cook, ]J.A.; Abd-Elsalam, S.; Aloman, C.; Armstrong, M.].; Brenner, E.J.; Cargill, T. Outcomes Following
SARS-CoV-2 Infection in Patients with Chronic Liver Disease: An International Registry Study. |. Hepatol. 2021, 74, 567-577.
[CrossRef]

Lleo, A.; Invernizzi, P.; Lohse, A.W.; Aghemo, A.; Carbone, M. Management of Patients with Autoimmune Liver Disease during
COVID-19 Pandemic. J. Hepatol. 2020, 73, 453-455. [CrossRef]

Kumar, D.; Manuel, O.; Natori, Y.; Egawa, H.; Grossi, P.; Han, S.H.; Ferndndez-Ruiz, M.; Humar, A. COVID-19: A Global
Transplant Perspective on Successfully Navigating a Pandemic. Am. . Transplant. 2020, 20, 1773-1779. [CrossRef]

Colmenero, J.; Rodriguez-Peralvarez, M.; Salcedo, M.; Arias-Milla, A.; Mufioz-Serrano, A.; Graus, J.; Nufio, J.; Gastaca, M.;
Bustamante-Schneider, J.; Cachero, A.; et al. Epidemiological Pattern, Incidence, and Outcomes of COVID-19 in Liver Transplant
Patients. J. Hepatol. 2021, 74, 148-155. [CrossRef] [PubMed]

Mouch, C.A.; Alexopoulos, S.P.; LaRue, R.W.; Kim, H.P. Successful Liver Transplantation in Patients with Active 2 Infection. Am.
J. Transpl. 2022. online ahead of print. [CrossRef]

Burba, K. Liver Transplantation Linked to Lower Antibody, T-Cell Response to COVID-19 Vaccine. Healio Gastroenterology.
Available online: https:/ /www.healio.com /news/gastroenterology /20220628 /liver-transplantation-linked-to-lower-antibody-
tcell-response-to-covid19-vaccine (accessed on 20 June 2022).

Monteleone, G.; Ardizzone, S. Are Patients with Inflammatory Bowel Disease at Increased Risk for Covid-19 Infection? J. Crohns.
Colitis 2020, 14, 1334-1336. [CrossRef] [PubMed]

Du, L.; He, Y;; Zhou, Y;; Liu, S.; Zheng, B.]J.; Jiang, S. The Spike Protein of SARS-CoV-A Target for Vaccine and Therapeutic
Development. Nat. Rev. Microbiol. 2009, 7, 226-236. [CrossRef] [PubMed]

Singh, S.; Khan, A.; Chowdhry, M.; Bilal, M.; Kochhar, G.S.; Clarke, K. Risk of Severe Coronavirus Disease 2019 in Patients with
Inflammatory Bowel Disease in the United States: A Multicenter Research Network Study. Gastroenterology 2020, 159, 1575-1578.e4.
[CrossRef] [PubMed]

Brenner, E.J.; Pigneur, B.; Focht, G.; Zhang, X.; Ungaro, R.C.; Colombel, ].-E; Turner, D.; Kappelman, M.D.; Ruemmele, EM.
Benign Evolution of SARS-CoV-2 Infections in Children with Inflammatory Bowel Disease: Results from Two International
Databases. Clin. Gastroenterol. Hepatol. 2020, 19, 394-396.e5. [CrossRef] [PubMed]


http://doi.org/10.1038/s41379-020-00649-x
http://www.ncbi.nlm.nih.gov/pubmed/32792598
http://doi.org/10.1056/NEJMra1914900
http://www.ncbi.nlm.nih.gov/pubmed/32459924
http://doi.org/10.1016/j.cld.2014.05.004
http://doi.org/10.14218/JCTH.2016.00056
http://doi.org/10.1016/j.jceh.2020.12.007
http://doi.org/10.3350/cmh.2012.18.3.249
http://doi.org/10.1177/2050640620924157
http://doi.org/10.1007/s00204-020-02734-1
http://doi.org/10.1007/s12291-020-00931-4
http://doi.org/10.1007/s40264-020-00954-z
http://www.ncbi.nlm.nih.gov/pubmed/32514859
http://doi.org/10.1016/j.jhep.2020.03.044
http://www.ncbi.nlm.nih.gov/pubmed/32278005
http://doi.org/10.1016/j.metabol.2020.154244
http://doi.org/10.1002/hep.24452
http://www.ncbi.nlm.nih.gov/pubmed/21618575
http://doi.org/10.17161/kjm.vol15.16522
http://www.ncbi.nlm.nih.gov/pubmed/35899064
http://doi.org/10.12998/wjcc.v6.i15.922
http://doi.org/10.1093/infdis/jiaa355
http://doi.org/10.1016/j.jhep.2020.09.024
http://doi.org/10.1016/j.jhep.2020.04.002
http://doi.org/10.1111/ajt.15876
http://doi.org/10.1016/j.jhep.2020.07.040
http://www.ncbi.nlm.nih.gov/pubmed/32750442
http://doi.org/10.1111/ajt.17134
https://www.healio.com/news/gastroenterology/20220628/liver-transplantation-linked-to-lower-antibody-tcell-response-to-covid19-vaccine
https://www.healio.com/news/gastroenterology/20220628/liver-transplantation-linked-to-lower-antibody-tcell-response-to-covid19-vaccine
http://doi.org/10.1093/ecco-jcc/jjaa061
http://www.ncbi.nlm.nih.gov/pubmed/32215548
http://doi.org/10.1038/nrmicro2090
http://www.ncbi.nlm.nih.gov/pubmed/19198616
http://doi.org/10.1053/j.gastro.2020.06.003
http://www.ncbi.nlm.nih.gov/pubmed/32522507
http://doi.org/10.1016/j.cgh.2020.10.010
http://www.ncbi.nlm.nih.gov/pubmed/33059040

Trop. Med. Infect. Dis. 2022, 7,187 12 of 12

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Singh, A.K;; Jena, A.; Kumar-M, P; Sharma, V.; Sebastian, S. Risk and Outcomes of Coronavirus Disease (COVID-19) in Patients
with Inflammatory Bowel Disease: A Systematic Review and Meta-Analysis. United Eur. Gastroenterol. ]. 2021, 9, 159-176.
[CrossRef]

Amiot, A; Rahier, ].-F; Baert, E; Nahon, S.; Hart, A.; Viazis, N.; Biancone, L.; Domenech, E.; Reenears, C.; Peyrin-Biroulet, L.; et al.
The Impact of COVID-19 on Patients with IBD in a Prospective European Cohort Study. J. Crohn’s Colitis, 2022. online ahead of
print. [CrossRef]

Al-Ani, A.H.; Prentice, R.E.; Rentsch, C.A.; Johnson, D.; Ardalan, Z.; Heerasing, N.; Garg, M.; Campbell, S.; Sasadeusz, J.;
Macrae, FA ; et al. Review Article: Prevention, Diagnosis and Management of COVID-19 in the IBD Patient. Aliment. Pharmacol.
Ther. 2020, 52, 54-72. [CrossRef]

Samanta, J.; Gupta, R.; Singh, M.P,; Patnaik, I.; Kumar, A.; Kochhar, R. Coronavirus Disease 2019 and the Pancreas. Pancreatology
2020, 20, 1567-1575. [CrossRef]

Liu, F; Long, X.; Zhang, B.; Zhang, W.; Chen, X.; Zhang, Z. ACE2 Expression in Pancreas May Cause Pancreatic Damage After
SARS-CoV-2 Infection. Clin. Gastroenterol. Hepatol. 2020, 18, 2128-2130.e2. [CrossRef]

Ding, Y.; He, L.; Zhang, Q.; Huang, Z.; Che, X.; Hou, J.; Wang, H.; Shen, H.; Qiu, L.; Li, Z.; et al. Organ Distribution of Severe
Acute Respiratory Syndrome (SARS) Associated Coronavirus (SARS-CoV) in SARS Patients: Implications for Pathogenesis and
Virus Transmission Pathways. J. Pathol. 2004, 203, 622-630. [CrossRef]

McNabb-Baltar, J.; Jin, D.X.; Grover, A.S.; Redd, W.D.; Zhou, J.C.; Hathorn, K.E.; McCarty, T.R.; Bazarbashi, A.N.; Shen, L,;
Chan, WW. Lipase Elevation in Patients With COVID-19. Am. J. Gastroenterol. 2020, 115, 1286-1288. [CrossRef] [PubMed]
Barlass, U.; Wiliams, B.; Dhana, K.; Adnan, D.; Khan, S.R.; Mahdavinia, M.; Bishehsari, F. Marked Elevation of Lipase in COVID-19
Disease: A Cohort Study. Clin. Transl. Gastroenterol. 2020, 11, €00215. [CrossRef] [PubMed]

Inamdar, S.; Benias, P.C.; Liu, Y.; Sejpal, D.V.; Satapathy, S.K.; Trindade, A.J. Prevalence, Risk Factors, and Outcomes of
Hospitalized Patients with COVID-19 Presenting as Acute Pancreatitis. Gastroenterology 2020, 159, 2226-2228.e2. [CrossRef]
[PubMed]

Ramsey, M.L.; Patel, A.; Sobotka, L.A.; Lim, W,; Kirkpatrick, R.B.; Han, S.; Hart, P.A.; Krishna, S5.G.; Papachristou, G.I. Hospital
Trends of Acute Pancreatitis During the Coronavirus Disease 2019 Pandemic. Pancreas, 2022. online ahead of print. [CrossRef]


http://doi.org/10.1177/2050640620972602
http://doi.org/10.1093/ecco-jcc/jjac091
http://doi.org/10.1111/apt.15779
http://doi.org/10.1016/j.pan.2020.10.035
http://doi.org/10.1016/j.cgh.2020.04.040
http://doi.org/10.1002/path.1560
http://doi.org/10.14309/ajg.0000000000000732
http://www.ncbi.nlm.nih.gov/pubmed/32496339
http://doi.org/10.14309/ctg.0000000000000215
http://www.ncbi.nlm.nih.gov/pubmed/32764201
http://doi.org/10.1053/j.gastro.2020.08.044
http://www.ncbi.nlm.nih.gov/pubmed/32860787
http://doi.org/10.1097/MPA.0000000000002046

	Introduction 
	The Gastrointestinal Tract in the Pathogenesis of COVID-19 
	COVID-19 and Gastrointestinal Symptoms 
	COVID-19 and the Liver 
	Proposed Mechanisms of Liver Injury 
	Implications in Fatty Liver Disease 
	Implications in Liver Cirrhosis 
	Implications in Liver Transplantation 
	COVID-19 and Inflammatory Bowel Disease 
	COVID-19 and the Pancreas 

	Conclusions 
	References

