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Abstract

The Severe acute respiratory syndrome virus 2 (SARS-CoV-2) is
a novel strain of zoonotic coronavirus first discovered in December
2019 in Wuhan, China. The Coronavirus disease 2019 (COVID-19),
caused by SARS-CoV-2, rapidly evolved into a pandemic throughout
the world. COVID-19 is regarded as a respiratory disease primarily;
however, numerous reports have shown that gastrointestinal symp-
toms, including nausea, vomiting, diarrhea, and abdominal pain, are
not uncommon in patients with COVID-19. Moreover, recent studies
have shown evidence of damage to digestive organs such as the
liver, the pancreas, and the gallbladder by SARS-CoV-2. The virus is
primarily transmitted person-to-person through respiratory droplets
or close contact. However, recent studies have shown evidence of
prolonged shedding of the viral RNA in the feces of infected patients
even after the respiratory symptoms have resolved and SARS-CoV-2
is no longer detectable in the nasopharyngeal samples, raising sus-
picion for the potential fecal-oral spread of the virus. The knowledge
base regarding the involvement of the digestive system and symp-
toms continues to grow over the last few months. We believe future
work should focus on developing stool testing to understand pos-
sible fecal-oral transmission, and to support the confirmation of re-
covery which further helps healthcare providers and patients to take
appropriate measures to prevent the spread of COVID-19 disease.
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Introduction

The situation around the Coronavirus disease 19 (COVID-19)
pandemic, caused by the Severe Acute Respiratory Syndrome Coro-
navirus 2 (SARS-CoV-2), has been rapidly evolving. First discovered
in December 2019 in Wuhan, China, the virus has rapidly spread
throughout the world, with nearly eight million confirmed cases and
over 430,000 related deaths in 187 countries as of June 16. The first
confirmed case in the United States was reported on January 20, 2020,
and in a mere five months, over 2 million cases have been confirmed
in the US, and the number of deaths has exceeded 110,000 [1,2].

SARS-CoV-2 is a positive-sense, single-stranded RNA virus [3].
As the name suggests, it most commonly causes respiratory symptoms
such as cough and dyspnea and is thought to be primarily transmit-
ted person-to-person through respiratory droplets or close contact [4].
However, less frequent manifestations, including gastrointestinal (GI)
symptoms such as anorexia, nausea, vomiting, abdominal pain, and
diarrhea, have been widely reported. The Centers for Disease Control
and Prevention (CDC) include nausea, vomiting and diarrhea in the
COVID-19 description of symptoms. SARS-CoV-2 enters the lower
respiratory tract by binding to the angiotensin-converting enzyme 2
(ACE2) receptors, which are also highly expressed in the gastroin-
testinal tract, including the gastric, duodenal, and rectal epithelia [5].
Recent studies have also found that TMPRSS2 and TMPRSS4, two
related serine proteases that are abundant in the gastrointestinal tract,
can enhance virus entry into enterocytes by priming the spike protein
[6]. Multiple small studies outside the US have confirmed the pres-
ence of the viral RNA in stool samples of infected patients, sometimes
even after the viral RNA cleared from the respiratory tract samples
[7]. The prolonged viral RNA shedding in feces raises suspicion for
active viral replication in the gastrointestinal tract and potential fe-
cal-oral transmission of SARS-CoV-2. Currently, there is no specific
treatment designated for COVID-19. Even though there have been
promising results in the clinical trials for certain medications and vac-
cine candidates, symptomatic management remains the mainstay of
treatment for COVID-19 [8]. Therefore, understanding the symptom-
ology of COVID-19 and routes of transmission of SARS-CoV-2 in-
fection is critical to reduce the morbidity and mortality of COVID-19.

Gastrointestinal System

GI symptoms have been frequently reported as common symp-
toms of COVID-19 with a prevalence ranging from 11.3% to 79.1%
in different studies [7]. In a meta-analysis study that analyzed findings
from 6,686 COVID-19 patients in 35 studies, the pooled prevalence
of digestive symptoms was 15% [9]. Overall, the most common gas-
trointestinal symptoms are nausea and vomiting, diarrhea, loss of ap-
petite, and abdominal pain with a pooled prevalence of 9%, 7%, 21%,
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and 3% in the same study. Another meta-analysis of 47 studies with
10,890 patients reported similar results as earlier studies, in which
diarrhea, nausea, vomiting, and abdominal pain were present in 7.7%,
7.8%, and 3.6% of patients, respectively [10]. Of note, the majority
of studies (70%) in this meta-analysis were from China, and the es-
timates of gastrointestinal symptoms in studies outside of China are
higher when compared to those in studies from China. For example,
the pooled prevalence of diarrhea in china vs outside china is 5.8%
and 18% respectively. Interestingly, in some cases, the gastrointes-
tinal symptoms either present before the respiratory ones or are the
sole symptoms of their disease presentation. In a study that analyzed
1,141 confirmed COVID-19 cases admitted to Zhongnan Hospital of
Wauhan University, 183 (16%) presented with isolated gastrointestinal
symptoms, and anorexia was the most common initial presentation in
this cohort of patients in the study [11].

On the other hand, other less common, but potentially severe gas-
trointestinal symptoms such as upper or lower gastrointestinal tract
bleeding should not be overlooked. The prevalence of gastrointestinal
bleeding in COVID-19 patients is unclear; reports from a few studies
in China range from 4% to 13.7%, but the sample sizes were small
[12]. The manifestations of upper gastrointestinal bleeding include
hematemesis and melena, as reported in a case series of six patients
[13]. Of note, gastrointestinal bleeding in COVID-19 can present in
the absence of respiratory symptoms. A case of hematochezia as the
initial presentation of COVID-19 was reported, and the interval be-
tween the onset of hematochezia and respiratory symptoms, in this
case, was as long as nine days [14].

The understanding of the mechanisms of gastrointestinal bleeding
in COVID-19 cases is incomplete. In most reported cases, endoscopy

or colonoscopy was not performed for fear of transmission of SARS-
CoV-2. The American Society of Gastrointestinal Endoscopy (AGSE)
regards invasive GI procedures in the digestive tract as high-risk
in their guideline issued in March 2020 because of the potential fe-
cal-oral transmission of SARS-CoV-2, and later published updated
guidance for resuming GI endoscopy in late April [15,16]. One hy-
pothesis potencially explaining the propensity for gastrointestinal
bleeding in COVID-19 patients is the presence of underlying ulcers in
the upper digestive tract, as the 1-year prevalence of peptic ulcer dis-
ease is estimated to be 0.12%-1.50% in the general population [17].
However, COVID-19 related coagulopathy could also play a role in
severe cases [18].

Hepatobiliary System

Abnormalities of liver enzymes have also been widely observed
in COVID-19 cases, indicating liver injury in such cases. The pooled
prevalence was 15% for both alanine aminotransferase (ALT) and as-
partate aminotransferase (ALT) abnormalities [10]. Most liver injuries
were mild and transient, but severe liver damage was not uncommon.
There are various mechanisms of liver injuries in COVID-19, which
include direct hepatocellular damage by SARS-CoV-2, pre-existing
liver diseases, immune-mediated inflammation, and possible drug
toxicity [19]. Whether patients with pre-existing liver disease are at
higher risk for contracting COVID-19 is poorly defined at present
[20]. Further research is also needed to determine if liver injury is
associated with worse outcomes in COVID-19 patients, or in turn,
if COVID-19 could result in worse liver outcomes in patients with
underlying liver disease. The current recommendations for the man-
agement of liver disease in COVID-19 patients are summarized in
(Table 1).

s ~
Liver Disease Recommendations for COVID+ Patients

e Antiviral treatment for chronic hepatitis B and C is not immediately required unless hepatitis B flare or receiving immuno-
therapy

*  Vaccinate against Streptococcus pneumonia and influenza

Compensated cirrhosis [21-24] *  Avoid endoscopy unless GI bleeding, bacterial cholangitis, or other life-threatening condition

*  Delay HCC screening until the pandemic passes

«  Screen for varices based on thrombocyte count or Baveno VI criteria

¢ Avoid acetaminophen or NSAIDs

¢ Vaccinate against Streptococcus pneumonia and influenza

*  Provide care via telemedicine/telephone

+  Limit transplants to poor short-term prognosis

Decompensated cirrhosis [22,23,25] *  Closely follow SBP and encephalopathy prophylaxis

e Test for SARS-CoV-2 in acute decompensation

*  Lopinavir/ritonavir contraindicated

*  Avoid acetaminophen or NSAIDs

*  Test donors/recipients on the transplant list for SARS-CoV-2

*  Consider CT chest in pre-transplant workup

»  Continue immunosuppression without reducing the dose unless medication-induced lymphopenia or bacterial/fungal super-
infection present

Liver Transplant [22,23,26,27] *  Close mon'itoring, dose adjustment or avoiding co-administration of immunosuppressants and COVID-19 specific therapy

as appropriate

*  Lopinavir/ritonavir contraindicated with m-TOR inhibitors

*  Monitor calcineurin inhibitors closely

«  Consider liver biopsy if concern for acute rejection

*  Avoid acetaminophen or NSAIDs

«  Continue immunosuppression without reducing the dose (C)

Autoimmune Liver Disease [22] *  Vaccinate against Streptococcus pneumonia and influenza
*  Avoid acetaminophen or NSAIDs
«  Postpone locoregional therapies and temporarily withdraw immune-checkpoint inhibitor therapy
Hepatocellular Carcinoma [22,23] » Individualize dosing/continuation of kinase inhibitors in tumor board meetings
¢ Avoid acetaminophen or NSAIDs
Table 1: Current recommendations for the management of liver diseases in COVID-19 patients.
\; /
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Gallbladder

To date, no gallbladder or bile involvement has been histopatholo-
gally confirmed in COVID-19 patients. However, a COVID-19 case
complicated by acute cholecystitis requiring percutaneous cholecys-
tostomy was reported in a patient with advanced heart failure with Left
Ventricular Assistant Device (LVAD) [28]. In another recently pub-
lished article, three patients admitted to the hospital for management
of COVID-19 developed acalculous cholecystitis during recovery
required laparoscopic cholecystectomy, which confirmed gangrenous
gallbladder [29]. In both reports, the extent of gallbladder involve-
ment secondary to COVID-19 is not known as no pathology reports
are available and neither the tissue nor the bile was sent for testing
for SARS-CoV-2 RNA. As gallbladder diseases are highly prevalent,
particularly in western populations, the management of patients who
develop symptomatic gallbladder disease during the current pandem-
ic has also gained attention. A brief outline of the management of such
cases has been published by the American College of Surgeons with
goals of limiting exposure of both patients and healthcare providers to
SARS-CoV-2 [30]. Further studies are needed to investigate whether
the viral RNA is present in the gallbladder wall or bile as well as the
effects of SARS-CoV-2 on gallbladder function.

Pancreas

The ACE2 receptor is highly expressed in pancreatic cells as well,
which suggests that SARS-CoV-2 could theoretically cause damage
to the pancreas [31]. In a study of 52 COVID-19 cases, pancreatic
injury defined by elevations of amylase or lipase was found in 17% of
patients [32]. Clinical symptoms of severe pancreatitis, however, was
not present in any of the cases in the study. Meanwhile, severe acute
pancreatitis was reported in two patients with COVID-19 who were
admitted to the intensive care unit at the Copenhagen University Hos-
pital Hvidovre, Denmark. In both cases, there were no other apparent
causes of acute pancreatitis [33]. Similar to liver injuries mentioned
above, possible mechanisms of pancreatic damage caused by SARS-
CoV-2 include direct viral infection, immune-mediated injuries, and
adverse reactions caused by certain medications such as antipyretics
[32,34].

COVID-19 in Patients with Inflammatory Bowel
Disease (IBD)

As gastrointestinal symptoms are common in COVID-19 cases,
patients with underlying gastrointestinal conditions should be closely
screened. First, their baseline gastrointestinal symptoms could mask
symptoms related to COVID-19, leading to a possible delay in the
diagnosis. Second, patients with chronic medical conditions are at a
higher risk of developing severe illness from COVID-19, especially
considering the fact that long-term immunosuppressant medications
are used as treatments for some of the conditions such as inflamma-
tory bowel syndrome (IBD). The CDC recognizes that people with
prolonged use of corticosteroids and other immune weakening medi-
cations are at higher risk for severe illness from COVID-19 [35].

As of May 26, a total of 1302 cases of IBD patients with con-
firmed COVID-19 were reported on Surveillance Epidemiology of
Coronavirus under Research Exclusion for Inflammatory Bowel Dis-
ease (SECURE-IBD) international registry [36]. In 396 (30%) of the
cases, the patients were hospitalized, of which 72, or 6.2% of the total
cases required ICU-level care. Ventilators were utilized in 57 (4.9%)

of the cases, and 44 (3.7%) patients eventually died of COVID-19.
This is comparable to the overall illness severity and case fatality of
COVID-19 in all patients, with an estimated 5% of the cases requiring
ventilator use and an overall case fatality of 2.3%. There have been
studies that support such an impression that IBD patients do not seem
to be more susceptible to COVID-19, nor are they more likely to de-
velop severe illness from COVID-19 overall [37-39]. There are no
significant differences between male and female COVID-19 patients
with IBD regarding the incidence or severity of COVID-19; however,
age seems to play an important role in predicting the outcomes in
such patients, similar to what was observed in the general population
[36]. Compared to younger patients, the risk for developing severe
illness (defined here as cases requiring ICU-level care or ventilator
use, and cases resulting in deaths) greatly increases in older patients
age 60 and above (Table 2). Comorbidities also have a significant
effect on the outcomes of COVID-19 patients with IBD. In patients
with more than three comorbidities, as high as 36% were reported
to develop severe illness; in contrast, in patients with no other un-
derlying condition, the risk is only 3%.The use of corticosteroids is
controversial in the treatment of COVID-19. A few studies have re-
ported a delay in viral clearance with the use of corticosteroids [40-
42]. However, a more recent study conducted in the United Kingdom,
the Randomized Evaluation of COVID-19 Therapy (RECOVERY)
trial, reported that dexamethasone could reduce death by up to one
third in hospitalized patients with severe respiratory complications
of COVID-19 [43]. Data from SECURE-IBD suggest that in patients
that use oral or parenteral steroids, 22% developed severe COVID-19,
a much higher rate compared with other immunosuppressants and bi-
ologics (Table 2). The American Gastroenterological Association has
released a guideline for the management of IBD during the pandemic
which suggests that 1) patients who are not infected by SARS-CoV-2
should continue the treatment for IBD; 2) patients who are infected
but asymptomatic should hold thiopurines, methotrexate, and tofac-
itinib, and delay the dosing of biological therapies for two weeks of
monitoring for COVID-19 symptoms; 3) patients with COVID-19
symptoms should hold thiopurines, methotrexate, tofacitinib, and bi-
ological therapies which can be restarted after complete symptom res-
olution. In addition, amino-salicylates, topical rectal therapy, dietary
management, and antibiotics are considered safe in all patients, while
systemic corticosteroids should be avoided and discontinued quickly
if possible [44].

Possibility of Fecal-oral Transmission

Although ACE2, the receptor used by SARS-CoV-2 to enter cells,
is abundant in the gastrointestinal tract, including the glandular cells
of gastric, duodenal, and rectal epithelia, whether the virus can be
spread via fecal-oral route is still under investigation [5]. Multiple
studies have observed persistent positive results for SARS-CoV-2 vi-
rus RNA in stool samples of COVID-19 patients [45]. A systematic
review by Cheung et al. found that even after respiratory specimens
turn negative for the virus, 70.3% of the stool samples remain posi-
tive for viral RNA [46]. The prolonged viral RNA shedding in feces
raises suspicion for active viral replication in the gastrointestinal tract
and potential fecal-oral transmission of SARS-CoV-2. However, to
date, all attempts to isolate infectious virus from the stool specimens
have been unsuccessful, even when there is high stool viral RNA load.
So far, there is still no direct evidence for fecal-oral transmission of
SARS-CoV-2, and further research with larger cohorts of patients is
needed to investigate this matter.
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Characteristics Total ICU Ventilator Death ICU/Ventilator/Death
Overall 1170 72 (6.2%) 57 (4.9%) 44 (3.7%) 100 (8.5%)
Age (years)
0-19 49 0 (0%) 0 (0%) 0 (0%) 0 (0%)
20-39 452 9 (1.9%) 4 (0.8%) 2 (0.4%) 9 (1.9%)
40-49 221 10 (4.5%) 7 (3.2%) 2 (0.9%) 11 (5.0%)
50-59 195 16 (8.2%) 14 (7.2%) 5(2.6%) 18 (9.2%)
60-69 138 26 (18.8%) 22 (15.9%) 14 (10.1%) 33 (23.9%)
70-79 65 9 (13.8%) 6(9.2%) 8(12.3%) 14 21.5%)
80 and above 45 1(2.2%) 4(8.9%) 12 (26.7%) 14 (31.1%)
Gender
Male 604 39 (6.5%) 30 (5.0%) 31(5.1%) 56 (9.3%)
Female 548 33 (6.0%) 27 (4.9%) 13 (2.4%) 44 (8.0%)
Comorbidities
0 728 17 (2.3%) 12 (1.6%) 5(0.7%) 21 (2.9%)
1 273 23 (8.4%) 15 (5.5%) 14 (5.1%) 30 (11.0%)
2 96 15 (15.6%) 16 (16.7%) 10 (10.4%) 22 (22.9%)
3 and above 73 17 (23.3%) 14 (19.2%) 15 (20.5%) 27 (37.0%)
Medications for IBD treatment
Anti-TNF without 6MP/AZA/MTX 337 7 (2.1%) 3(0.9%) 3(0.9%) 8 (2.4%)
Sulfasalazine/mesalamine 334 33 (9.9%) 32 (9.6%) 22 (6.6%) 51 (15.3%)
Anti-TNF+6MP/AZA/MTX 117 10 (8.5%) 5 (4.3%) 3 (2.6%) 12 (10.3%)
Anti-integrin 115 6 (5.2%) 7 (6.1%) 4(3.5%) 9 (7.8%)
6MP/azathioprine monotherapy 113 10 (8.8%) 8 (7.1%) 3 (2.7%) 12 (10.6%)
IL 12/23 inhibitor 112 3(2.7%) 2 (1.8%) 1 (0.9%) 3(2.7%)
Oral/parenteral steroids 98 18 (18.4%) 14 (14.3%) 11 (11.2%) 23 (23.5%)
Other IBD medications 104 9(8.7) 5(4.8) 5(4.8) 10 (9.6)
Table 2: Outcomes in COVID-19 patients with IBD.

With the current evidence of prolonged shedding of viral RNA in
the feces, the possibility of fecal-oral spread of SARS-CoV-2 must
be taken into consideration by healthcare professionals caring for
COVID-19 patients. There has been evidence of droplet nuclei and
bioaerosols produced with toilet flushing [47], which further raises
concern, especially in the healthcare settings, for possible contamina-
tion with viral particles from feces of COVID-19 patients. Notably,
in a few undeveloped countries, shared restrooms and bathrooms are
used in the hospital, which could lead to an even higher risk for po-
tential transmission via the fecal-oral route. Appropriate measures of
personal protection, isolation, and disinfection should be utilized to
minimize the risk for further spread of the virus.

Conclusion

The COVID-19 pandemic, as a global health crisis, has posed
complex challenges to the medical and public health systems world-
wide. The understanding of the disease, as well as the causative virus,
continues to evolve, but much is still unknown. Although SARS-
CoV-2 has been classified as a respiratory pathogen, gastrointestinal
symptoms are not uncommon presentations. Progress has been made
in the research of pharmaceutical treatment of COVID-19. Rem-
desivir, a nucleoside analog, was found to shorten the recover time
from 15 days to 11 days in hospitalized adult patients [48]. Another
large clinical trial showed that Dexamethasone could reduce death
by up to one third in hospitalized patients with severe respiratory
complications of COVID-19 [43]. However, optimized symptomatic

management remains the key in the battle against the disease. Gas-
trointestinal manifestations of COVID-19 should not be overlooked,
and in patients with such symptoms, maintaining adequate nutrition
and hydration is crucial. Further research is necessary to determine
the effect of SARS-CoV-2 infection on the liver, pancreas, and gall-
bladder. Although most current studies point out that patients with
IBD, in general, are not at a higher risk for contracting SARS-CoV-2
or developing severe illness from COVID-19, current evidence does
indicate that the use of corticosteroids in patients with IBD is asso-
ciated with adverse outcomes [49]. It is generally recommended that
treatment for IBD should be continued in such patients if the disease
is stable, but the corticosteroid use should proceed with caution and
close monitoring.

Current evidence suggests that SARS-CoV-2 is primarily transmit-
ted person-to-person through respiratory droplets or close contact, but
our understanding of the transmission is still incomplete. Although
currently there is no definitive evidence that the virus can be trans-
mitted via the fecal-oral route, the possibility should certainly not
be overlooked as multiple studies have shown evidence of persistent
high viral RNA load in the stool samples. While further research is
needed to investigate the possibility of fecal-oral transmission, mea-
sures for additional precautions are presently warranted.
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