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ABSTRACT
Believed to have originated from a local Huanan 
Seafood Wholesale Market in Wuhan, Hubei Province 
in China, the COVID-19 has had an unprecedented 
and catastrophic impact on humanity, with the WHO 
declaring it a global pandemic. Although the first 
case of COVID-19 was reported in December 2019, 
the primary source and intermediate host have not 
been confirmed, but human-to-human transmission 
has been universally accepted. The main mode of 
transmission of the virus is through respiratory 
droplets along with prominent respiratory system 
involvement. However, fecal-oral transmission due 
to the shedding of the virus in the gastrointestinal 
(GI) tract may continue for up to 10 weeks after 
respiratory clearance and is fast becoming important. 
SARS-CoV-2 shows a high affinity to ACE2 receptors, 
making sites of high ACE2 receptor expression, such 
as lungs, GI tract, brain, kidneys, heart, liver and 
immune system, a prime target for infection. Through 
this literature review, we aim to summarize the 
current knowledge of immunological pathways that 
contribute to the disease with a focus specifically on 
the GI tract involvement. We direct attention to the 
pathophysiological mechanism of involvement of the 
GI tract leading to symptomatic manifestations, track 
GI organ-specific viral loads to compare and contrast 
with other organ systems. We briefly detail specific 
treatment strategies from a GI disease standpoint 
and mention special considerations when there is 
involvement of the GI tract.

INTRODUCTION
With the rapid emergence and spread of the 
SARS-CoV-2 and the resultant COVID-19, 
scientists around the world have focused their 
efforts on understanding pathophysiology, 
transmission and immunology of the disease. 
SARS-CoV-2 belongs to the Coronaviridae 
family of viruses, which is further subdivided 
into Coronavirinae and Torovirinae subfami-
lies. Coronaviruses are large, enveloped, non-
segmented, single-stranded, positive-sense RNA 
viruses about 26–32 kb in length.1 They have 
mainly been identified in zoonotic hosts, that is, 
birds, camels, bats, masked palm civets, mice, 
dogs, and cats.1 2 However, about 7 strains of 
the coronavirus are pathogenic to humans, with 
most leading to mild symptoms. Exceptions 
to this are the case of the SARS coronavirus, 
which emerged in November 2002 in Guang-
dong, southern China, resulting in 744 deaths 

and the Middle East respiratory syndrome 
coronavirus, first detected in Saudi Arabia in 
2012 leading to 858 deaths.3 It is believed that 
SARS-CoV-2 causing COVID-19 originated 
from a zoonotic spillover, resulting in human 
infections and eventual human-to-human trans-
mission through respiratory droplets. Clinical 
symptoms of the virus vary significantly over a 
wide spectrum ranging from mild fever, cough, 
dyspnea to respiratory failure and eventual 
death.4

Viral structure and cellular entry
Coronaviruses are large, enveloped, non-
segmented, single-stranded, positive-sense RNA 
viruses.1 They are spherical in shape and consist 
of 4 key structural components, including: spike 
(S), envelope, membrane and nucleocapsid (N) 
proteins.5 The S protein is the main determi-
nant of pathogenicity and host specificity, and it 
is also a prime target for neutralizing antibodies. 
This makes it of immense interest to scientists in 
the development of potential vaccines. Random 
mutations and recombination, both homolo-
gous and non-homologous, allow the virus to 
easily cross the species barrier and lead to cross-
species infection. A substantial pool of animal 
reservoirs, especially bats, genetic recombina-
tion and the ability to exploit multiple recep-
tors, make coronaviruses highly infective across 
wide taxonomic distances.6

Viral cell entry requires the binding of the 
S protein with the transmembrane ACE2 host 
receptor. ACE2 receptor is expressed by almost 
all cells of the body. The S protein consists of 2 
subunits: S1 which is involved in the recogni-
tion of the ACE2 receptor and S2 which anchors 
the protein to the viral membrane and facilitates 
viral fusion.7–9 SARS-CoV-2 has a high-binding 
affinity to the ACE2 receptor and activity of 
the ACE is not necessary for successful binding 
and endocytosis of the virus. After completion 
of endocytosis, the virus takes over the cellular 
machinery to produce viral RNA and viral-
specific proteins. Within the cells, the virus is 
assembled followed by secretion. In the gastro-
intestinal (GI) tract, viral secretion is accompa-
nied by the release of cytokines, which in turn is 
responsible to the associated symptoms.

High ACE2 receptor expression is observed 
in ciliated, goblet and surfactant-producing 
type 2 alveolar cells, thereby providing a portal 
of entry of the virus into the body.10 11 High 
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ACE2 expression is also observed on the intestinal epithe-
lium12 and cardiac and vascular endothelium, offering an 
explanation to the complication of COVID-19 in these 
organ systems.13

Clinical presentation of COVID-19
The clinical course of COVID-19 is highly variable and 
is usually represented on a spectrum from very mild 
symptoms to critical illness. The incubation period for 
COVID-19 is thought to extend to 14 days, with a median 
incubation time of about 5 days from exposure to symp-
toms onset.14 15 One study reported that about 97.5% 
of patients who develop symptoms will do so in 11.5 
days.15 Some of the common symptoms of COVID-19 
include: fever or chills, cough, shortness of breath or 
difficulty breathing, fatigue, muscle or body aches, head-
ache, new loss of taste or smell, sore throat, congestion 
or runny nose, nausea, vomiting, anorexia or diarrhea. 
Each symptom may differ in severity. Elderly patients 
and those with underlying comorbidities such as cardio-
vascular disease, diabetes mellitus, chronic respiratory 
disease, decompensated cirrhosis, prior stroke, HIV or 
other immunosuppressed states are at increased risk of 
adverse outcomes.

Pathophysiology of GI tract involvement in COVID-19
ACE2 receptor has been identified as the target receptor 
for entry of SARS-CoV-2 into the cell, initiating the first 
step of viral infection. Immunofluorescence data revealed 
abundant expression of ACE2 receptor in the glandular 

cells of gastric, duodenal, and rectal epithelia but esopha-
geal epithelium, mainly composed to stratified squamous 
cells, expresses less ACE2 receptor than glandular cells.16 
Hence, on RNA detection and intracellular staining for 
viral N protein, gastric, duodenal and rectal epithelia 
show high intracellular viral concentration, whereas the 
esophageal mucosa demonstrates low intracellular viral 
concentration.16 Furthermore, ACE2 receptor is also 
expressed in cholangiocytes and hepatocytes implicating 
a direct infection of the liver.17 During the second step 
of viral infection, the positive-strand viral RNA starts 
synthesizing viral-specific RNA and proteins to assemble 
new virions inside the cell, which are released into the GI 
tract. Real-time reverse transcriptase PCR (rRT-PCR) can 
be used to detect the virions in the feces. According to the 
Centers for Disease Control and Prevention (CDC) guide-
lines, transmission-based precautions can be discontinued 
if the rRT-PCR testing from 2 sequential respiratory 
tract specimens is negative, collected ≥24 hours apart.18 
However, viral RNA can remain positive in the feces in 
more than 20% of the patients even after the rRT-PCR 
results converted to negative in the respiratory tract, indi-
cating that viral infection and fecal-oral transmission can 
last after respiratory clearance.16 Hence, the fecal-oral 
route is an important mode of transmission of the virus 
and should be taken into consideration while devising 
strategies to prevent the spread of the virus. figure 1 pres-
ents a systemic and graphical representation of the effect 
of SARS-CoV-2 on the GI epithelium.

Figure 1  Systemic representation of the effect of SARS-CoV-2 on the intestinal epithelium. The virus enters the cell through interaction 
of its spike protein with ACE2 receptor (ACE2R). After endocytosis, the positive-sense RNA highjacks cellular machinery for viral RNA and 
viral-specific protein synthesis. Viral particles are then assembled in the cellular cytoplasm and released into the gastrointestinal (GI) tract. 
Exiting viral particles lead to release of cytokines responsible for GI symptoms.
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Clinical presentation of patients with GI tract 
involvement
ACE2 receptor is abundantly expressed in the glandular 
cells of gastric, duodenal, and rectal epithelia. It has now 
been established that SARS-CoV-2 can still be shed through 
the GI tract even after the resolution of pulmonary symp-
toms,16 making fecal-oral route an important mechanism of 
transmission of the virus. A recent study suggests that the GI 
symptoms can be present in as high as 50% of the patients 
(39.6%–50%) with symptoms including19:

►► Nausea (17.3%).
►► Diarrhea (12.9%).
►► Anorexia (12.2%).
►► Abdominal pain (5.8%).
►► Belching (5%).
►► Emesis (5%).
An interesting symptom of practical significance in 

COVID-19, which may allow for easier identification 
of asymptomatic or presymptomatic individuals, is new-
onset taste disturbance.20 These taste disturbances include 
complete loss (ageusia), partial loss (hypogeusia) or altered 
taste sensations (dysgeusia). Most recent literature reports 
a prevalence range of 71%–88.8% for taste disturbances 
in patients with COVID-19.21 The exact mechanism of the 
taste disturbance is poorly understood but it is worth noting 
that new-onset taste disturbance has been reported as an 
early or lone symptom of COVID-19 before involvement of 
the lungs or other organs.21

Elevated liver enzymes have also been found to be closely 
associated with COVID-19. Abnormal levels of aspartate 
aminotransferase and alanine aminotransferase along with 
mildly elevated total bilirubin levels have been found in 
14.8%–53% of the cases.22 At initial presentation, pooled 
elevated liver chemistries were seen in 23.1% of patients, 
but during the illness elevated liver enzymes and severe liver 
injury occurred in 14.4% and 10.7% of patients, respec-
tively.23 Presence of hypoalbuminemia indicates severe 
infection.23 The development of liver injury in patients with 
COVID-19 depends on the severity of the disease, with 
increasing severity leading to increased incidence of liver 
injury. In addition, it is now known that the endothelial 
cells of the liver and bile duct express high quantities of 
ACE2 receptor, making them a potential target for cellular 
injury. Bile duct endothelial cells express higher quantities 
of ACE2 receptor than the liver endothelial cells, thereby 
indicating that the damage to the bile duct may be the cause 
of liver impairment.22 Another proposed mechanism of 
liver injury could be drug induced during the treatment of 
COVID-19. In a recent autopsy analysis of liver tissue from a 
patient with COVID-19, moderate microvesicular steatosis 
and mild inflammation in the lobular and portal areas was 
observed, which is not specific for 1 particular etiology but 
can also be observed during sepsis or drug-induced liver 
injury.24 Despite the availability of all the current data, there 
still exists a knowledge gap in determining the full spec-
trum of GI involvement. Hence, we advocate for keeping 
a high clinical suspicion of COVID-19 in patients with GI 
symptoms.

Patients with inflammatory bowel disease (IBD) have 
similar susceptibility to COVID-19 as the general popu-
lation. The composite outcomes of hospitalizations or 

mortality after COVID-19 in patients with IBD are similar 
to patients without IBD.25 Medication adherence is strongly 
advised to prevent an acute flare-up but where possible 
high-dose corticosteroids should be avoided in case of an 
infection with COVID-19, immunosuppressants should be 
withheld until the resolution of the infection or during trials 
of medication for COVID-19.26 CDC guidelines on preven-
tion of the infection should be followed.

GI organ viral loads on COVID-19 and comparisons with 
other organ systems
Viral loads play an important role in assessing the disease 
severity in viral infections such as SARS-CoV-2 and can 
be measured by rRT-PCR. Increasing viral loads means 
increasing viral particles in the body, which in turn points 
to a more severe disease. Low or down trending viral load 
reflects a milder infection or gradual recovery, respectively. 
The viral load in respiratory tract samples peaks around 
symptom onset and gradually decreases over 1–3 weeks, 
with viral RNA generally undetectable about 2 weeks after 
symptom onset (median 14.5 days).27 Although there is 
evidence of viral shedding in the stool even after respira-
tory clearance, it is often erratic and may continue for up 
to 10 weeks after initial symptoms.19 More literature is still 
needed to quantity the viral loads in different organs to 
determine the severity and progression of the disease with 
corresponding viral load values. In current clinical practice, 
viral load for COVID-19 is not routinely measured.

Laboratory investigations and imagining in COVID
As with any infectious etiology, routine laboratory investi-
gations become essential to determine the presence, assess 
the severity, guide further investigation and plan treatment 
strategies for the infection. With COVID-19, white cell 
counts lie on the spectrum of leucopenia or leucocytosis, 
with lymphopenia being the most common white cell counts 
derangement.28 Elevated markers of inflammation, that is, 
lactate dehydrogenase, ferritin, and aminotransferase, have 
also been observed.28 Procalcitonin levels may be normal 
during the infection; however, elevated procalcitonin levels 
correspond to severe disease and increase intensive care 
unit admission.29 C-reactive protein (CRP), an acute-phase 
protein responsible for clearance of pathogens through 
the compliment system and enhanced phagocytosis, has 
been linked to a worse prognosis in COVID-19 infections. 
Patients who died of COVID-19 infections displayed signifi-
cantly higher concentrations of CRP as compared with 
survivors.30 Interleukin-6 (IL-6), one of the main mediators 
of inflammatory and immune response, has been associated 
with the mortality risk in COVID-19 infections and seems 
to be the best prognosticator for a negative outcome.31 
Recent literature reports that the mean IL-6 levels were 
more than 3 times higher in patients with complicated 
COVID-19 compared with those with non-complicated 
disease.32 Chest CT scans, which typically show bilateral 
ground-glass opacification with or without consolidations, 
together with RT-PCR, have a high sensitivity of 97% but 
low specificity of 25% in detecting COVID-19.33 34 Analysis 
of stool samples in patients with GI symptoms may be the 
best test for COVID-19; however, more studies are needed 
to establish specific protocols.19
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GI-specific treatment guidelines
The current management of the disease is focused around 
disease prevention, supportive care in hospital through the 
use of oxygen and ventilators, and management of the symp-
toms. However, on May 1, 2020, the US Food and Drug 
Administration (FDA) has issued an authorized emergency 
use of the drug remdesivir for the treatment of suspected 
or laboratory-confirmed COVID-19 in adults and children 
hospitalized with severe disease.35 From a strictly GI stand-
point, no specific treatment guideline exists. However, due 
to the potential risk of spread of the virus through the fecal-
oral route, all major American gastroenterological societies 
including the American Association for the Study of Liver 
Diseases, the American Gastroenterological Association, the 
American College of Gastroenterology, and the American 
Society of Gastrointestinal Endoscopy (ASGE) have made 
recommendations for managing COVID-19 in the patients 
both in outpatient and endoscopy settings. They advise 
deferring non-urgent endoscopic procedures to a later date. 
For patients in need of emergent endoscopic procedures, 
where the procedure becomes essential, the physicians 
should take precautionary measures by screening patients 
arriving for the procedure and wearing the full personal 
protective equipment (PPE) as advised by the CDC. After 
the procedure, no changes are recommended to the repro-
cessing procedures for endoscopes and accessories by the 
ASGE. Standard bedside precleaning, followed by manual 
cleaning and high-level disinfection in the reprocessing 
facility, should continue.

CONCLUSION
Organs such as of the respiratory tract, GI tract and liver 
have a high expression of ACE2 receptors making them a 
definite target for infection. With an incubation period of 
about 2 weeks, the most common GI symptoms include: 
nausea, vomiting, belching, anorexia, abdominal pain and 
diarrhea. It has now been established that SARS-CoV-2 
can still be shed through the GI tract even after the reso-
lution of pulmonary symptoms, highlighting the fecal-oral 
route an important mechanism of transmission. Elevated 
liver enzymes at presentation, during hospitalization and 
progression to severe liver injury have also been noted. 
Severe decompensated liver disease increased the severity of 
COVID-19 and vice versa. Major American gastroentero-
logical societies advocate against non-emergent endoscopic 
interventions and use of PPE and screening on the patients 
before emergent endoscopies. No literature currently exists 
on acute IBD flare-up due to COVID-19. However, immu-
nosuppressants should be withheld until resolution of 
symptoms or during trial of medication for COVID-19. For 
very severe disease, the US FDA has issued an authorized 
emergency use of the drug remdesivir for the treatment of 
suspected or laboratory-confirmed COVID-19. But, from 
a GI standpoint, no specific treatment protocol exists, 
the management is primarily focused on prevention and 
supportive care. CDC guidelines are an absolute must for 
prevention.
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