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Abstract

The severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2) that causes
coronavirus disease-2019 (COVID-19) is a global pandemic, manifested by an
infectious pneumonia. Although patients primarily present with fever, cough and
dyspnea, some patients also develop gastrointestinal (GI) and hepatic
manifestations. The most common GI symptoms reported are diarrhea, nausea,
vomiting, and abdominal discomfort. Liver chemistry abnormalities are common
and include elevation of aspartate transferase, alanine transferase, and total
bilirubin. Studies have shown that SARS-CoV-2 infects the GI tract via its viral
receptor angiotensin converting enzyme II, which is expressed on enterocytes of
the ileum and colon. Viral RNA has also been isolated from stool specimens of
COVID-19 patients, which raised the concern for fecal-oral transmission in
addition to droplet transmission. Although indirect evidence has suggested
possible fecal-oral transmission of SARS-CoV-2, more effort is needed to establish
the role of the fecal-oral transmission route. Further research will help elucidate
the association between patients with underlying GI diseases, such as chronic
liver disease and inflammatory bowel disease, and severity of COVID-19. In this
review, we summarize the data on GI involvement to date, as well as the impact
of COVID-19 on underlying GI diseases.

Key words: COVID-19; SARS-CoV-2; Gastrointestinal; Liver; Diarrhea; Inflammatory
bowel disease

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: The coronavirus disease-2019 (COVID-19) pandemic, caused by the novel

coronavirus termed severe acute respiratory syndrome coronavirus 2, is rapidly gripping
the world. COVID-19 can cause a wide spectrum of disease, ranging from mild to severe
symptoms and even death. Despite initial reports of the disease primarily presenting with
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respiratory symptoms, a surge in patients presenting with gastrointestinal symptoms is
being reported. This review provides a detailed knowledge on gastrointestinal and
hepatic manifestations of COVID-19.
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INTRODUCTION

The severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2), a novel
coronavirus, was isolated and named by the International Committee on Taxonomy of
Viruses in early January 2020, approximately 1 mo after it caused an outbreak in the
city of Wuhan, Hubei Province of Chinal'?. Since the preceding outbreak, in
December 2019, the pneumonia disease, which was named coronavirus disease-2019
(COVID-19) by the World Health Organization, has evolved into a pandemic that
involves every continent, except Antarctica. As of the time of writing of this review,
the number of global confirmed cases of COVID-19 has surpassed one and a half
million, threatening to cause long-term effects on the global economy and societal
structures!”.

The clinical presentation of COVID-19 is predominantly respiratory in nature, with
cough and dyspnea being the most prominent features. Other prevalent clinical
symptoms in patients with COVID-19 include fever and fatigue!*’l. The information
on extra-pulmonary manifestations, however, has been scarce. Despite being
frequently overlooked, involvement of the gastrointestinal (GI) tract and the hepatic
system is now being increasingly reported!’l. Indeed, the first case of COVID-19 in the
United States presented with nausea and vomiting in addition to systemic and
respiratory symptoms, and later developed abdominal discomfort and diarrhea. In
this article, we will review the GI and hepatic manifestations and the related
pathophysiology (however limited) in patients with COVID-19 infection. Lastly, we
will discuss the effect of COVID-19 in patients with underlying chronic GI diseases.

LITERATURE SEARCH

A detailed search of all published and in-press articles using search terms “COVID-
19”7, “SARS-CoV-2”, “gastrointestinal”, “liver”, “biliary”, “diarrhea”, “abdominal
pain”, “nausea”, “vomiting”, “anosmia”, “dysgeusia”, “anorexia”, and “jaundice”
was performed on PubMed and Google to extract data for this review.

Gl MANIFESTATIONS

GI symptoms are common in COVID-19 and can be present in up to 26% of patients in
some populations!'’. The most common GI presentation in patients with COVID-19 is
diarrhea (3.8%-34%), followed by nausea and/or vomiting (3.9%-10.1%) and
abdominal pain (1.1%-2.2%)"""-". Other common GI symptoms reported in patients
with COVID-19 are anorexia, anosmia, and dysgeusia*l. Cheung et al*! in their meta-
analysis of 60 studies involving 4243 COVID-19 patients from six countries found GI
symptoms in 17.6% of the patients with anorexia (26.8%), diarrhea (12.5%),
nausea/vomiting (10.2%), and abdominal pain/discomfort (9.2%). Most notably, the
latest and most comprehensive meta-analysis to date was produced by Borges and
colleagues!, involving 59254 patients from 11 countries. The results of the meta-
analysis showed that 9% of all included patients displayed GI symptoms. These
findings are not unexpected, as previous studies of SARS (2002-2003), which was
caused by SARS-CoV, also revealed concurrent GI manifestations, similar to the
current pandemic.

In the cases of SARS infection, these clinical presentations can be explained by the
presence of active viral replication in the intestinal tract of infected patients, which
was demonstrated via both electronic microscopy and viral culture®l. Despite recent
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genetic sequencing showing significant genetic divergence between SARS-CoV and
SARS-CoV-2, structural analysis suggests that both coronaviruses may have used
angiotensin converting enzyme II (ACE2) as an entry receptor to establish
infection”*1. These findings indicate that SARS-CoV-2 has the potential to infect
multiple organs, since ACE2 is expressed by various tissues, including epithelial cells
of the GI tract™*.

Evidence of GI infection by SARS-CoV-2 has also been provided by isolation of
viral RNA from GI epithelial cells and intracellular staining of viral nucleocapsid
protein in the samel”. Building on existing knowledge, it is hypothesized that SARS-
CoV-2 infection of intestinal enterocytes causes dysfunction of the ileum and colon,
subsequently leading to the various GI manifestations seen in COVID-19 patients.
Such GI manifestations are summarized in Figure 1.

To date, the studies looking at the association between severity of COVID-19 in
patients with concurrent GI symptoms has yielded mixed results. A meta-analysis by
Cheung et al*! suggested GI symptoms are more common in severe disease (17.1%).
These results, however, were not duplicated in other descriptive studies, likely due to
low number of subjects!'®*?!l. A case series study focusing on GI manifestations,
conducted by Pan et all’!], found that most cases of diarrhea are mild and non-
dehydrating, typically up to three times daily. Both adult and pediatric populations
can present with GI symptoms, although vomiting may be more prominent in the
pediatric populationt™.

Interestingly, few COVID-19 case studies and case series have been reporting cases
with GI symptoms preceding respiratory symptoms, with some patients only
presenting with digestive symptoms in the absence of respiratory symptomst**".. One
particularly unusual presentation was reported for a 71-year-old female, who, after a
trip to Egypt, presented with hemorrhagic colitis without any respiratory symptoms.
She tested positive on nasopharyngeal polymerase chain reaction for SARS-CoV-2.
The cause of her lower GI bleed was determined to be the SARS-CoV-2 infection, after
extensive tests for other etiologies of hemorrhagic colitis returned negative™). Another
case report of 41-year-old woman from Michigan (United States), who presented with
voluminous diarrhea and electrolyte abnormalities before onset of pulmonary
symptoms, highlights that COVID-19 can have variable GI presentation””l. Prior to
this, only low volume and non-dehydrating diarrhea had been reported.

Although uncommon, these presentations can potentially lead to delay in diagnosis
if clinicians are unfamiliar with GI presentation of COVID-191 It is, however,
currently uncertain how this unusual presentation would affect clinical course and
prognosis.

HEPATIC MANIFESTATIONS

The elevation of liver chemistries, including aspartate transferase, alanine transferase,
and total bilirubin, has been reported since early observational studies!*7!'"'>!>11,
Unlike the GI signs and symptoms discussed above, abnormal levels of liver
chemistries have consistently shown to be more prevalent in severe diseasel™'"**,
Four potential causes of liver injury have been proposed. First is direct assault of
SARS-CoV-2 on hepatocytes, leading to abnormal liver enzyme levels. Although this
hypothesis is the most direct explanation, hepatocytes have not been shown to
express high-level ACE2, making the liver an unlikely target for infection™!. Although
a preliminary study revealed a high level of ACE2 expression in cholangiocytes
(suggesting an indirect cause of elevated liver enzymes as cholangiocyte
dysfunction"”)), alkaline phosphatase has not been consistently shown to be high in
COVID-19 patients, in support of this hypothesis. In addition, the pathological report
of 3 COVID-19 cases published by Yao et all"! did not provide evidence of SARS-CoV-
2 infection of hepatocytes, suggesting this as an unlikely cause of liver injury. The
second proposal suggests drug hepatotoxicity as the cause of abnormal liver function
tests. This is possible, as acetaminophen is commonly used to control fever, which is a
common presentation in COVID-19 infections. The use of acetaminophen within
recommended dose, however, is unlikely to cause liver injuries as seen in the reported
case series. It is also possible that systemic inflammatory response syndrome and
multiorgan dysfunction contributed to the development of a cytokine storm and
subsequently liver impairment, which may explain the higher prevalence of abnormal
liver chemistries in patients with severe COVID-19 infection. Lastly, the occurrence of
SARS can lead to hypoxic injury, which then leads to liver dysfunction’l. Liver
chemistries” abnormalities are summarized in Figure 1.

Although abnormal liver enzymes are associated with higher risk of severe disease,
daily check of liver function test may not be warranted. Most patients only have mild
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Figure 1 Various gastrointestinal and hepatic manifestations among patients with coronavirus disease-2019. ALT: Alanine transferase; AST: Aspartate

transferase.

elevation of liver enzymes’ levels, which resolves as the patient improves
clinically®**1. The most common cause of death in COVID-19 infection is respiratory
failure and sepsis. To date, only 1 case of COVID-19 has been reported with
presentation of acute liver failurel*l. As there are no effective hepatoprotective
treatments currently, it is important for clinicians to not be distracted by minimally
elevated liver enzymes’ level and to instead focus on general management and
supportive carel*’l.

FECAL-ORAL TRANSMISSION OF SARS-CoV-2

The concern of COVID-19 transmission through a fecal-oral route, in addition to
respiratory droplets, has been raised by several authors”*!. It is noted that RNA of
SARS-CoV-2 was detected in the stool specimen of the first COVD-19 patient in the
United States, raising the concern for fecal-oral transmission of the virus!l. The viral
components found in the stool sample likely originated from infected enterocytes of
the patient’s ileum and colon. As previously mentioned, the expression of ACE2 on
intestinal enterocytes makes both the small and large intestines susceptible to SARS-
CoV-2 infection. Evidence of GI infection by SARS-CoV-2 has also been provided
by the isolation of viral RNA from GI epithelial cells and intracellular staining of viral
nucleocapsid protein in the same™.. Therefore, it is physiologically possible for SARS-
CoV-2 to be transmittable through an oral-fecal route. A study of COVID-19 infection
in a familial cluster in China identified 2 young adults from the same family who
presented with diarrhea, suggesting that fecal-oral transmission may play a vital role
in disease transmission"’l. Interestingly, patients with SARS-CoV-2 detected in stool
have longer delay before viral clearance™. Of note, viral RNA are also reported to be
detectable in stool samples of patients without GI symptoms, such as diarrhea™l.

Test of SARS-CoV-2 virus in stool was found to be positive even after a negative
throat swab test in 42.9%-81.8% of cases!"****. In addition, stool samples can remain
positive for up to day-16 of illness!*’.. These findings raise the question regarding the
need for longer isolation and stool viral testing after clinical recovery. This is
especially concerning in relation to a recent study that demonstrated SARS-CoV-2
virus isolated from stool is infectious (manuscript in preparation)". Pathogen, host
and environment factors influencing the fecal-oral transmissibility of SARS-CoV-2 are
illustrated in Figure 2. It is important to note here that presence of COVID-19 nucleic
acid in stool has been reported as not correlated with severity of pneumonia or GI
manifestation™. On the other hand, shedding of viral RNA in stool has provided an
opportunity to develop stool-based diagnostic test for SARS-CoV-2 infection. A study
by Zhang and colleagues! demonstrated equal accuracy in COVID-19 detection by
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using stool specimens compared to pharyngeal swab specimens. This finding can
potentially lead to development of a less invasive COVID-19 diagnostic test.

The potential for fecal-oral transmission also leads to the possibility of transmission
to healthcare providers during endoscopic interventions. On March 15%, 2020, a
guideline produced by joint gastroenterology societies in the United States
recommended its members to delay all elective procedures and use N95 (or N99 or
powered air-purifying respirator) masks instead of surgical masks for all endoscopy
procedures as part of personal protective equipment®l. The guidelines also
recommend use of double gloves and of negative pressure rooms over regular
endoscopy rooms, when available. Healthcare providers, however, are still at risk for
infection during urgent and emergent interventions. A guidance composed by Rashid
and colleagues™ laid out various strategies to minimize risks of nosocomial infection.
Briefly, the document recommends identification of potential and confirmed COVID-
19 cases, appropriate personal protective equipment and proper disinfection of scopes
and working space.

Similarly, the fecal microbiota transplant procedure also faces various challenges in
ensuring stool samples obtained from donors are not infected with SARS-CoV-2 virus.
A group of experts has recommended to screen high-risk donors for SARS-CoV-2
infection, including donors with typical COVID-19 symptoms and donors with recent
(within 30 d) high-risk travel to affected regions or SARS-CoV-2-positive contact.
Alternatively, donors’ stools could be isolated before use and then only released if the
donor remains asymptomatic after 30 d. Lastly, stool banks can also retrospectively
check the health status of a donor prior to using the donor’s stool for fecal microbiota
transplant?. This approach, however, may miss asymptomatic carriers and thus it is
recommended to screen all stool donors, regardless of risk factors!.

COVID-19 AND PRE-EXISTING LIVER DISEASE

Patients with chronic liver disease and cirrhosis may be at higher risk of COVID-19
infection, due to systemic immunodeficiency™. Current published description
studies, however, found that only a small number of COVID-19 patients have
underlying chronic liver disease and no statistically significant association has been
established between underlying chronic liver disease and severity of COVID-19 or
outcomes!'>'>%21 A case series from the Lombardy region in Italy that described the
characteristics COVID-19 patients admitted to Intensive Care Units reported patients
with chronic liver disease accounting for only 3%. Another study from China that
described a population of COVID-19 patients with 2.1% of patients having underlying
hepatitis B found that it is associated with more severe COVID-19 diseasel’..

Acknowledging the lack of relevant data, the Surveillance Epidemiology of
Coronavirus (COVID-19) Under Research Exclusion (SECURE-Cirrhosis) and COVID-
HEP registries have been initiated. These are international voluntary registries of
COVID-19 patients with underlying liver disease (with or without cirrhosis) or
transplantation”*”l. At the time of writing of this review article, SECURE-Cirrhosis
has recorded a total of 29 cases of COVID-19 with underlying chronic liver disease
and post-liver transplant in the Americas, China, Japan and Korea, which includes 4
(13.8%) reported deaths. The counterpart COVID-HEP registry, which is composed of
cases from all other countries, has 52 cases of COVID-19 with 19 (36.5%) deaths
among patients with chronic liver disease and liver transplant. In the weekly report
concluded on April 4%, 2020 by COVID-HEP, 10 out of 12 patients who died had
underlying cirrhosis. Those patients primarily expired due to respiratory failure,
followed by cardiogenic shock. Data of COVID-19 patients with underlying chronic
liver disease or liver transplant specific to the United States is not available as of the
time of this writing.

COVID-19 AND INFLAMMATORY BOWEL DISEASE

Similarly, patients taking biologics or immunosuppressive medications for various
conditions, including inflammatory bowel diseases (IBDs), also raised concerns to
clinicians. According to the Chinese IBD Elite Union, which includes the seven of the
largest IBD referral centers in China, no patients with IBD were reported to be
infected with SARS-CoV-2Il. The lack of data may be due to lower prevalence of
disease in China compared to the prevalence of IBD in the United States which is
more than 5 times higher than in most Asian countries”*’1.

Since then, SECURE-IBD database started, which is an open access online reporting
of COVID-19 infection in patients with IBDI")l. At the time of writing this review, a

Jaishidengs WJG | https://www.wjgnet.com 2327 May 21, 2020 | Volume26 | Issue19 |



Cha MH et al. GI manifestations of COVID-19

Host

Older adults

People with co-morbidities’

Smoker

People with HIV

Immunity
Environment / ) Pathogen
Close contacts Pathogen load in stool
Poor personal hygiene A Period of viral shedding
Poor public sanitation Viability in environment

Infectious dose

Figure 2 Factors that affect transmissibility of severe acute respiratory syndrome-coronavirus-2. Despite
evidence of gastrointestinal infection and fecal shedding of the severe acute respiratory syndrome-coronavirus-2
(SARS-CoV-2), currently no data conclusively prove fecal-oral transmission of coronavirus disease-2019 (COVID-19).
Many other pathogen factors need to be studied in order to better understand the role of fecal-oral transmission of
SARS-CoV-2. 'Comorbidities associated with severe COVID-19 cases include hypertension, respiratory diseases,
and cardiovascular disease. HIV: Human immunodeficiency virus.

total of 326 cases of COVID-19 is reported in patients with IBD from 32 countries, with
maximum of 108 cases reported from the United States. Out of the reported cases, 189
are with Crohn’s disease and 135 with ulcerative colitis/ unspecified. Overall, 95 (61%)
were hospitalized, 11 (7%) placed on ventilator, and 13 (9%) patients died from
COVID-19. The International Organization For the Study of Inflammatory Bowel
Disease has issued detailed guidance with regard to IBD and COVID-19"'l. It is
important to note that these recommendations are the summation of expert opinions
and need interpretation in the context of the individual patient. Additionally, the
recommendations may change as the situation evolves. As per the International
Organization For the Study of Inflammatory Bowel Disease, the risk of SARS-CoV-2
in patients with IBD is the same as in the general population.

It is uncertain if active inflammation from IBD increases the risk of getting SARS-
CoV-2. Patients on 5-aminosalicyclic acid therapy should continue with their therapy,
even if they test positive for SARS-CoV-2 or have COVID-19. Patients on budesonide
therapy should not decrease their dose or discontinue treatment to prevent infection
from SARS-CoV-2; however, it is uncertain if budesonide therapy should be stopped
if they test positive for SARS-CoV-2 or develop COVID-19. Patients on anti-tumor
necrosis factor should stop therapy if they develop COVID-19, although it is uncertain
if they should stop if they test positive for SARS-CoV-2. It is uncertain if patients on
vedolizumab should stop therapy if they test positive for SARS-CoV-2 or develop
COVID-19. Patients on ustekinumab, however, should stop therapy if they develop
COVID-19°!. It is currently recommended that patients on prednisone > 20 g/d
should stop (taper as appropriate) if they test positive for SARS-CoV-2 or develop
COVID-19, and also to prevent infection since it increases both the risk of SARS-CoV-
2 infection and COVID-19. Similarly, thiopurines (6-mercaptopurine, azathioprine),
methotrexate and tofacitinib also tend to inhibit the body’s immune response to viral
infections and they should be stopped if the patient tests positive for the SARS-CoV-2
or develops COVID-19.

In an IBD patient who develops COVID-19 and their IBD medications were
stopped, the IBD medications can be restarted after resolution of COVID-19
symptoms and after two nasopharyngeal polymerase chain reaction tests are negative.
As the situation is evolving, it is very important for other countries to continue
collecting descriptive data in order to determine if patients with underlying chronic
GI diseases are more vulnerable to the new SARS-CoV-2 virus.

AREAS OF UNCERTAINTIES
Since its beginning in Wuhan City, China in December 2019, the COVID-19 pandemic
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continues to cause more infections and mortalities globally. A significant number of
research studies have been conducted to understand the nature of the viral infection
and ways to mitigate the harms caused. Although many researchers have described
the possibility of fecal-oral transmission of the virus, no case report or clinical research
has been able to confirm the hypothesis. The demonstration of confirmed fecal-oral
transmission is difficult, as it requires researchers to control for respiratory droplet
exposure, which may be difficult in a clinical setting. It also poses an ethical challenge
by purposefully exposing human subjects to a potentially deadly viral infection. One
plausible way to circumvent the challenges would be experimentation with animal
models. Currently, various research laboratories have utilized the ACE2 transgenic
mouse model and Macaca Rhesus model to conduct COVID-19 related researches. It is
important for the scientific community to understand the potential role of fecal-oral
transmission in the current pandemic, as it may affect isolation recommendations and
prevent new infection foci.

CONCLUSION

In summary, COVID-19 is a new coronavirus infection that can lead to acute
respiratory infection, with a high rate of morbidity and mortality. In addition to the
respiratory manifestations, patients with COVID-19 also frequently presents with GI
symptoms. The role of fecal viral shedding in the current pandemic and the impact of
COVID-19 patients with underlying GI disease is still unknown. Until a vaccine is
developed, the global impact of COVID-19 will continue. Future studies will help us
to better understand the GI involvement of SARS-CoV-2 infection.
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