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Since December 2019, the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the causative
pathogen of coronavirus disease 2019 (COVID-19), has posed a serious threat to global health and is cur-
rently causing a major pandemic. While patients typically present with fever and a respiratory illness,
mounting evidence indicates that patients might also report extra-pulmonary manifestations, including
those affecting the liver and gastrointestinal tract. This involvement may have important implications to
the disease management, transmission, and prognosis, especially in patients with pre-existing hepatic or
digestive co-morbidities.
In this review, the characteristics and possible explanations of hepatic and gastrointestinal involve-

ment caused by SARS-CoV-2 infection are summarized, adding to our knowledge of the spectrum of
COVID-19. In addition, preventive measures implemented in endoscopy departments to prevent further
dissemination of SARS-CoV-2 infection are proposed.

� 2020 Pan-Arab Association of Gastroenterology. Published by Elsevier B.V. All rights reserved.
The end of 2019 was marked by emergence of an outbreak
caused by a novel coronavirus, severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), initially reported in Wuhan, China [1].
More than 200 000 laboratory confirmed cases and nearly 10 000
deaths in over 100 countries have been reported to date [2], lead-
ing the World Health Organization in March 11, 2020 to character-
ize the infection, subsequently named coronavirus disease 2019
(COVID-19), as a pandemic [3]. The spectrum of symptomatic
COVID-19 ranges from mild respiratory tract infection to severe
pneumonia that may progress to acute respiratory distress syn-
drome or multi-organ dysfunction [4]. It is well established that
fever along with respiratory symptoms such as cough and dysp-
noea represent the common symptoms of COVID-19 similar to
the diseases caused by the other two highly pathogenic coron-
aviruses: severe acute respiratory syndrome (SARS) in 2003 and
Middle East respiratory syndrome (MERS) in 2012 [5]. There is
uncertainty about extra-pulmonary manifestations of COVID-19,
including those affecting the liver and gastrointestinal tract. This
review aims to provide insight into characteristics, possible mech-
anisms and implications of hepatic and gastrointestinal involve-
ment caused by SARS-CoV-2 infection, adding to our knowledge
of the spectrum of COVID-19.
COVID-19 and the liver

Liver involvement has been reported in patients infected with
SARS-CoV [6] and MERS-CoV [7]. Likewise, published case studies
reporting clinical features of patients with COVID-19 have shown
that they may develop different degrees of liver dysfunction (sum-
marized in Table 1). In these studies, the incidence of liver injury
ranged from 14.8% to 78%, mainly presenting with abnormal levels
of alanine aminotransferase (ALT) and aspartate aminotransferase
(AST) accompanied by slightly elevated bilirubin levels [8–19]. A
deeper look at available data shows higher rates of abnormal levels
in severe COVID-19, as high as 78% in one study [18].

Currently, the underlying mechanisms for hepatic injury in
patients with COVID-19 are still unclear. Liver damage might be
directly caused by virus-induced cytopathic effects. SARS-CoV-2
binds to the angiotensin-converting enzyme 2 (ACE2) receptor to
enter its target cells [20]. Data from two independent cohorts
revealed significant enrichment of ACE2 expression in cholangio-
cytes (59.7% of cells) compared to hepatocytes (2.6% of cells) sug-
gesting that SARS-CoV-2 might directly bind to ACE2-positive
cholangiocytes to dysregulate liver function [21]. Although ACE2
is highly expressed in bile duct cells, recent works suggest that
gamma-glutamyl transferase (GGT) was elevated in 54% of
COVID-19 patients, whereas only 1.8% of patients (1/56) had ele-
vated alkaline phosphatase level [22]. Elsewhere, pathological
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Table 1
Characteristics of liver biochemical profile in published COVID-19 case studies.

Patients with
COVID-19

Patients with abnormal biochemical liver profile Patients with pre-existing
liver co-morbidities

Guan et al. [8] 1099 Abnormal ALT, 158/741 (21.3%):
- 19�8% in non-severe COVID-19
- 28�1% in severe COVID-19

Abnormal AST, 168/757 (22.2%):
- 18�2% in non-severe COVID-19
- 39�4% in severe COVID-19

Abnormal total bilirubin 76/722 (10.5%)
- 9.9% in non-severe COVID-19
- 13.3% in severe COVID-19

23 (2.1%)

Cai et al. [9] 298 44 (14.8%)
9.6% in non-severe COVID-19
36.2% in severe COVID-19

8 (2.7%)

Fan et al. [10] 148 75 (50.7%)- Abnormal ALT (18.2%)- Abnormal AST
(21.6%)- Abnormal total bilirubin (6.1%)

6 (8%)

Wang et al [11] 138 Mild elevation of ALT and AST 4 (2�9%)
Chen et al [12] 99 43 (43%)

- Abnormal ALT 28%
- Abnormal AST 35%
- Abnormal total bilirubin 18%
- Abnormal albumin 98%

NA

Lu et al. [13] 85 33 (38.8%) 6 (7%)
Shi et al. [14] 81 43 (53%) 7 (9%)
Xu et al. [15] 62 10 (16%) 7 (11%)
Yang et al. [16] 52 15 (29%) NA
Huang et al. [17] 41 15(31%) 1(2%)
Zhang et al. [18] 82, deaths 64 (78%)

- Abnormal ALT 30.6%
- Abnormal AST 61.1%
- Abnormal total bilirubin 30.6%

2(2.4%)

Huang et al. [19] 36, non-survivors - Abnormal ALT 13%
- Abnormal AST 58%
- Abnormal total bilirubin 12.9%

NA

Abbreviations: SARS-Cov-2, severe acute respiratory syndrome coronavirus 2; ALT, alanine transaminase; AST, aspartate aminotransferase.

4 S. Musa / Arab Journal of Gastroenterology 21 (2020) 3–8
analysis of hepatic tissue from a patient who died from COVID-19
did not find viral inclusions in the liver [23].

In addition, immune-mediated inflammation might contribute
to liver injury in patients with COVID-19 who are critically ill
[22]. Previous studies have shown that inflammatory cytokine
storm is associated with adverse outcomes of SARS-CoV [24] or
MERS-CoV infection [25]. Inflammatory cytokine storm is an over-
active inflammatory response, which leads to persistent activation
of lymphocytes and macrophages that secrete huge amount of
inflammatory cytokines [26]. Lymphocytes are important for
inhibiting overactive innate immune responses during viral infec-
tion [27]. Thus, the typical lymphopenia during SARS-CoV-2 infec-
tion may result in increases in interleukin-6 (IL-6), IL-10, IL-2 and
IFN-c levels and aggravated inflammatory responses, leading not
only to pulmonary injury, but also the injury of non-pulmonary
organs including the liver [28]. A study of the risk factors involved
with hepatic injury in patients with COVID-19, found that lym-
phopenia and CRP level were independently associated with liver
injury, suggesting that inflammatory cytokine storm might be the
major mechanism [29].

Another possible contributing factor may be the high levels of
positive end expiratory pressure that can cause hepatic congestion
by increasing right atrial pressure and impeding venous return.
However, published data suggest that admitted patients with
COVID-19 have liver abnormalities without mechanical ventila-
tion. Furthermore, the distribution of aminotransferase levels
among patients with COVID-19 does not support hypoxic hepatitis
being common [30]. Importantly, drug-induced liver injury during
COVID-19 treatment should be carefully investigated. It might be
caused by antiviral medications (lopinavir/ritonavir), antipyretics
(acetaminophen), antibiotics (macrolides, quinolones) or steroids
[31]. In a paper describing the first 12 patients with COVID-19 in
the United States (U.S.), the three hospitalized patients, who
received remdesivir at the time of clinical worsening, reported ele-
vated liver enzymes [32].

COVID-19 and pre-existing liver disease

Given the high burden of chronic liver disease worldwide, inter-
actions between pre-existing liver disease and COVID-19 need to
be further investigated. Preliminary data indicate 2–11% of
patients with COVID-19 had liver comorbidities [22]. However,
the exact cause of pre-existing liver conditions has not been out-
lined in the published case studies (Table 1).

In a study of 1099 patients with laboratory confirmed COVID-
19, 23 (2.1%) patients had hepatitis B infection. Severe cases were
more likely to have hepatitis B infection (2.4% vs 0.6%) than non-
severe cases [8]. SARS patients with HBV/HCV infection were more
prone to develop severe hepatitis, probably due to enhanced viral
replication during SARS-CoV infection [33]. Individuals at high risk
for severe COVID-19 are typically of older age and/or present with
comorbid conditions such as diabetes, cardiovascular disease, and
hypertension, a similar profile to those at increased risk for nonal-
coholic fatty liver disease, making them more susceptible to liver
injury. In patients with COVID-19 with autoimmune hepatitis,
the effects of administration of glucocorticoids on disease progno-
sis is unclear. Given the expression of the ACE2 receptor in cholan-
giocytes, whether infection with SARS-CoV-2 aggravates
cholestasis in patients with primary biliary cholangitis, needs to
be studied [22].

Moreover, patients with liver cirrhosis might be more suscepti-
ble to infections because of their systemic immunocompromised
status [34], thus, preventing infection with SARS-CoV-2 is of
utmost importance. In a study of 111 patients with decompensated
cirrhosis in Wuhan, none of the participants had clinical symptoms
suggestive of SARS-CoV-2 infection, when certain precautionary



S. Musa / Arab Journal of Gastroenterology 21 (2020) 3–8 5
approach was maintained, in contrast to an incidence of 17% of
COVID-19 among a comparative group of 101 decompensated cir-
rhotics at other hospitals where these measures had not been
implemented [35]. Finally, liver transplantation might involve a
risk of transmission of viral infection from donor to recipient, as
shown in the previous SARS outbreak [36]. Michaels and colleagues
recently described possible risks associated with transplant in
COVID-19 positive recipients [37]. In Italy, where the COVID-19
outbreak is rapidly spreading, the Italian Transplant Authority rec-
ommended nasopharyngeal swab or bronchoalveolar lavage to
identify COVID-19 before donation, with consequent exclusion of
positive donors [38].
COVID-19 and the gastrointestinal tract

Since SARS-CoV-2 RNA was first detected in a stool specimen of
the first reported COVID-19 patient in the U.S., much attention has
been paid to gastrointestinal tract infection by SARS-CoV-2 [39].
Gastrointestinal involvement is well known in coronavirus infec-
tions of animals and humans [40]. Previous studies have revealed
that 10.6% of patients with SARS and up to 30% of patients with
MERS had diarrhea [41].

Similarly, data from early reports of the current pandemic sug-
gest that concurrent gastrointestinal symptoms are not uncommon
in patients with COVID-19 [42]. In one of these studies, nausea or
vomiting, or both, and diarrhoea were reported in 55 (5�6%) and 42
(3�8%) patients [8]. In another cross-sectional study, enrolling 204
patients with confirmed COVID-19 from 3 hospitals in Hubei pro-
vince, 99 patients (48.5%) presented with digestive symptoms as
the chief complaint, including 7 cases in which there were no res-
piratory symptoms [40]. This should alert gastroenterologists to
raise their index of suspicion when at-risk patients present with
digestive symptoms rather than waiting for respiratory symptoms
to emerge. This may help with earlier identification of COVID-19
with earlier treatment and isolation [42].

A recent study by Wei et al. attempted to delineate differences
between COVID-19 patients with diarrhoea (26/84) and those
without. Despite finding no difference in most of the laboratory
and radiologic findings, they noticed that COVID-19 patients with
diarrhoea suffered headache, myalgia or fatigue, cough, sputum
production, nausea, vomiting more frequently than those patients
without diarrhoea, but seldomly suffered abdominal pain, abdom-
inal distension and tenesmus [43].

Patients without digestive symptoms were more likely to be
cured and discharged than patients with digestive symptoms
(60% vs. 34.3%). This could be due to either viral replication in
the gastrointestinal tract causing more severe disease or that
patients who do not initially have typical respiratory symptoms
present with later stages of disease [42].

There are many hypotheses why COVID-19 appears to cause
digestive symptoms, but, the exact molecular mechanism needs to
be further investigated. Firstly, interaction between SARS-CoV-2
andACE2might result in diarrhoea. A recent bioinformatics analysis
revealed that ACE2was not only highly expressed in alveolar type II
(AT2) cells in the lung, but also in the glandular cells of gastric and
duodenal epithelia [44]. Similar findings were found in the study
by Liang et al. [45], ACE2washighly expressed inproximal anddistal
enterocytes, directly exposed to food and foreign pathogens. The
ACE2-expressing enterocytes are invaded by SARS-CoV-2, leading
to malabsorption, unbalanced intestinal secretion and activated
enteric nervous system, resulting in diarrhoea finally [44]. Secondly,
SARS-CoV-2 indirectly damages the digestive system through a
chain of inflammatory responses [42]. Another possible factor caus-
ing diarrhoea in COVID-19 patients might be antibiotic associated
diarrhea [43]. Finally, changes in the composition and function of
digestive tract flora mutually affect the respiratory tract through
immune regulation, the so-called ‘‘gut-lung axis” [46].

Autopsy studies are needed to understand the digestive system
involvement of COVID-19; however, to date, there has been only
one autopsy report for an 85-year-old man with COVID-19, which
showed segmental dilatation and stenosis in the small intestine
[47]. Whether this finding is secondary to COVID-19 is unknown
[48].

All these findings and hypotheses could have a clear impact
regarding transmission precautions, especially in hospitalized
patients. Considering the evidence of faecal excretion for both
SARS-CoV and MERS-CoV [49], it is possible that the digestive sys-
tem may serve as an alternative route of SARS-CoV-2 infection. It
has been reported that the stool from confirmed cases tested pos-
itive by RT-PCR for SARS-CoV-2 [39]. In terms of the fact that most
of the patients in the initial outbreak reported a link to a wild ani-
mal market, this observation raises questions about whether this
virus was transmitted via contaminated food at the small intestine
[45]. Another issue of potential significance, is the extended dura-
tion of viral shedding in faeces. In one study, it was observed that
for over half of patients, faecal samples remained positive for SARS-
CoV-2 RNA for a mean of 11.2 days after viral clearance in respira-
tory tract samples [50]. According to current guidance, the decision
to discharge hospitalized COVID-19 patients is based on negative
results of RT-PCR testing for SARS-CoV-2 from at least two sequen-
tial respiratory tract specimens collected �24 h apart [51]. There-
fore, routine stool sample testing with RT-PCR could be added and
transmission-based precautions should be continued if faecal sam-
ples test positive [50].
COVID-19 and pre-existing digestive diseases

In general, presence of co-morbidities is associated with poorer
outcomes in patients with COVID-19. This may have implications
for the management of patients with pre-existing digestive dis-
eases [52]. Patients with cancer are more susceptible to infection,
however, whether patients with gastrointestinal cancers are more
likely to be infected with SARS-CoV-2 than healthy individuals
remains unknown [48]. In a nationwide analysis from China, 18
(1%) of 1590 COVID-19 cases had a history of cancer. Among these
18 cases, three had a history of colorectal cancer. Patients with
COVID-19 and cancer had a higher risk of severe events [53]. Like-
wise, patients with inflammatory bowel disease (IBD) using biolog-
ics and immunosuppressive agents are at increased risk for more
frequent and severe infections and could be more susceptible to
SARS-CoV-2 infection [48]. Fortunately, with early precautions
for COVID-19 prevention and control, not a single patient of the
318 patients (204 with ulcerative colitis and 114 with Crohn’s dis-
ease) in the IBD registry in Wuhan, has been reported to be
infected with SARS-CoV-2 [54]. These precautions included recom-
mendations on the use of immunosuppressive agents and biolog-
ics, diet, and intentional postponement of elective surgery and
endoscopy, as well as personal protection provisions [55]. In regard
to recurrent Clostridioides difficile infection, experts in faecal
microbiota transplantation believe that screening of stool donors
is needed, as the risk of transmitting SARS-CoV-2 might be higher
than that in other tissue transplants [56].
COVID-19 in the endoscopy unit

Worldwide, as millions of people are instructed to stay home to
minimize SARS-CoV-2 transmission, health-care workers are at
high risk from COVID-19. Figures from China’s National Health
Commission show that more than 3300 health-care workers have
been infected as of early March [57]. Despite being not directly



Fig. 1. Suggested workflow in GI endoscopy units during SARS-CoV-2 outbreak.
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involved in management of COVID-19 patients, personnel working
in endoscopy units are still at increased risk from inhalation of air-
borne droplets, conjunctival contact, and touch contamination
[58]. Human-to-human transmission occurs primarily via infected
droplets [59]. Airway suctioning, and other cough-inducing proce-
dures pose an increased risk of transmission of SARS-CoV-2 [58]. It
must be noted that the risk of exposure is not limited to upper
endoscopy considering the potential transmission through faecal
shedding [60].

All endoscopy facilities should develop standard operating mea-
sures for COVID-19 prevention and control in conjunction with
infection control team members, and share these widely among
staff members [61]. Based on prior experience from SARS and our
current understanding of epidemiological characteristics of
COVID-19, the following steps should be implimented in endo-
scopy units:

1. Reduction of non-essential exposure to SARS-CoV-2: It is rec-
ommended to limit endoscopy during the current outbreak to
emergency procedures to treat patients with conditions such
as acute gastrointestinal bleeding, foreign bodies in the gas-
trointestinal tract and acute cholangitis secondary to biliary
obstruction [62].

2. Risk assessment and stratification of patients prior to any
endoscopic procedure: A high index of suspicion to diagnose
SARS-CoV-2 infection, is crucial for prevention of transmission.
Screening of patients for COVID-19 should be based on case def-
initions established by WHO and local health authorities [63].
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The assessment must include history of fever, respiratory symp-
toms, or diarrhea, history of contact with a suspected or con-
firmed case of COVID-19 and any recent travel to a high-risk
area [61].

3. Negative-pressure room: Whenever possible, endoscopy
should be performed in an isolated room with negative pres-
sure. If not available, endoscopy should be performed in a ded-
icated room with adequate ventilation [64].

4. Staff protection: The minimal composition of personal protec-
tive equipment (PPE) for personnel in endoscopy units should
include gloves, hairnet, protective eyewear (goggles or face
shield), waterproof gowns, and respiratory protective
equipment, modified on the basis of risk stratification [61].
The surgical facial mask is effective in blocking splashes and
large-particle droplets, whereas, filtering facepiece (FFP) respi-
rator class 2 or 3 (FFP2/FFP3) achieves efficient filtration of air-
borne particles (up to 0.3 mm) [65]. In addition to PPE, health
care workers must be educated the principles of contact and
airborne precautions for both suspect and probable COVID-19
patients [64].

5. Reprocessing of endoscopes and endoscopic accessories:
Enveloped viruses such as SARS-CoV-2 can be inactivated by
disinfectants having virucidal activity [67]. Whereas high-
level disinfection is recommended for endoscopes, and other
‘‘semi-critical’’ instruments, sterilization is recommended for
‘‘critical’’ instruments, including biopsy forceps, polypectomy
snares and papillotomes. Disposable accessories are an alterna-
tive to sterilization of reusable devices [68].

6. Decontamination of endoscopy rooms: This process should
include cleaning all surfaces in the procedure room to remove
all soil and biofilm, followed by proper disinfection [61].
Chlorine-containing detergents are recommended for floor
cleaning every day [67].

To prevent SARS-CoV-2 transmission in endoscopy units during
the current outbreak, a workflow is proposed (Fig. 1) in accordance
with recommendations of endoscopy societies [61–66].
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