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Gastrointestinal manifestations in COVID-19
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Coronavirus disease 2019 (COVID-19), a respiratory viral infection, has affected more than 78 million individuals
worldwide as of the end of December 2020. Previous studies reported that severe acute respiratory syndrome
coronavirus 1 and Middle East respiratory syndrome-related coronavirus infections may affect the gastrointesti-
nal (GI) system. In this review we outline the important GI manifestations of COVID-19 and discuss the pos-
sible underlying pathophysiological mechanisms and their diagnosis and management. GI manifestations are
reported in 11.4-61.1% of individuals with COVID-19, with variable onset and severity. The majority of COVID-
19-associated GI symptoms are mild and self-limiting and include anorexia, diarrhoea, nausea, vomiting and
abdominal pain/discomfort. A minority of patients present with an acute abdomen with aetiologies such as
acute pancreatitis, acute appendicitis, intestinal obstruction, bowel ischaemia, haemoperitoneum or abdomi-
nal compartment syndrome. Severe acute respiratory syndrome coronavirus 2 RNA has been found in biopsies
from all parts of the alimentary canal. Involvement of the GI tract may be due to direct viral injury and/or an
inflammatory immune response and may lead to malabsorption, an imbalance in intestinal secretions and gut
mucosal integrity and activation of the enteric nervous system. Supportive and symptomatic care is the main-
stay of therapy. However, a minority may require surgical or endoscopic treatment for acute abdomen and GI
bleeding.
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Introduction respiratory symptoms predominate in coronavirus infections,

) ) ) gastrointestinal (GI) manifestations were seen in SARS-CoV-1,
Coro.nokus disease 2019 (CO\/ID—lQ) is caused by severe acute  MERS-CoV and SARS-CoV-2 patients (Table 1).510-22 Herein we
respiratory syndrome coronavirus 2 (SARS-CoV-2). It is currently  oytline the important GI manifestations of COVID-19 and discuss

a pandemic and as of 26 December 2020 there have been >79  the possible mechanisms and aspects relating to their diagnosis
million cases worldwide and >1.7 million deaths.? Several vac-  4nq management.

cines have been developed to control the pandemic.? The ear-
liest record of coronavirus infections among animals was in the
late 1920s, where acute respiratory infections occurredindomes- ~ Literature search
ticated chickens in North America.> Human coronaviruses were
discovered in the 1960s* and presently seven strains cause dis-
ease. Human coronavirus OC43 (HCoV-0C43), human coronavirus
HKU1 (HCoV-HKU1), human coronavirus 229E (HCoV-229E) and
human coronavirus NL63 (HCoV-NL63) cause mild disease, while
the severe acute respiratory syndrome coronavirus (SARS-CoV-
1), Middle East respiratory syndrome-related coronavirus (MERS-

We searched the PubMed, Google Scholar and Clinical Trials
databases from 1 January 2020 to 30 December 2020 for arti-
cles that describe the GI effects of COVID-19 using the search
terms ‘COVID-19 and gastrointestinal tract’, ‘COVID-19 and gas-
trointestinal symptoms’, ‘COVID-19 and upper gastrointestinal
tract’, ‘COVID-19 and lower gastrointestinal tract’, COVID-19

CoV) and severe acute respiratory syndrome coronavirus 2 (SARS- cmd. golstroin’te:séig\cllllDinlﬂ(‘;Jmrgotion’l, I;?\IAAFES:COV_Z .onctl)‘ gostroin&
CoV-2) may potentially cause severe disease.”~” Outbreaks of testinal tract’, ~19 and stoo , 'gut microbiome an

SARS-CoV-1 and MERS-CoV infections occurred in 2002 and 2012, COVID-19',‘management of COVD-19’, ‘gastrointestinal tract and
respectively.8 SARS-CoV-2 has 70% and 40% genetic sequence coronaviruses’, ‘COVID-19 and GI manifestations’, ‘treatment of

similarity with SARS-CoV-1 and MERS-CoV.° Although fever and CO}/ID—lQ’ and ‘gastrointestinal side effects ‘or‘1c‘i COVID—}9’. The
article title and abstract were read for the initial selection and
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Table 1. GI involvement in SARS-COV-1, MERS and COVID-19

Disease SARS-CoV-1 MERS COVID-19

Start of outbreak 2002 2012 2019

Virus SARS-CoV-1 MERS-CoV SARS-CoV-2

Origin bat — civets??; Ching, bat — camels!!; Saudi Arabia bat — unknown!? ; Ching,

GI symptoms

Time of onset of
diarrhoea

RNA shedding in
stools

Stool RT-PCR
positive rate
from the time
of diagnosis

Viral load (log10
copies/mL or
CT value)

Entry receptor

Pathology

Guangdong Province

Diarrhoea, 16-73%3
Nausea and vomiting, 20-35%13

Abdominal pain
Onset or during illness!’

Maximum duration 126 d8

47% week 119
97% week 219
54% week 319

6.52 week 119
7.95 week 219

5.33 week 319
ACE?2 receptor

Intestines: no obvious
pathological
changes/non-specific changes;
depletion of mucosal lymphoid
tissue?0

Diarrhoea, 25%?3
Nausea, 14%*4
Vomiting, 8%
Abdominal pain

Onset or during illness 8

Seen in 14.6% of patients!*

16% week 119
14% week 219
NA week 319

4.5 week 119
4 week 219

0 week 31°
DPP4 receptor

Intestines: no obvious
pathological changes reported

CT value: cycle threshold value; DPP4: dipeptidyl peptidase-4; NA: not applicable.

Wuhan Province

Diarrhoeaq, 32.5%%°

Nausea, 11.7%1°

Vomiting, 3.9%1°

Abdominal pain/discomfort,
4.4%1°

Onset or during illness!®

Mean duration 17.2 d18

Maximum duration 126 d18

25% week 119
37.5 week 219
NA week 319

31.65 CT week 119
26.5 CT week 219

NA week 31°
ACE2 receptor

Intestines: mucosal damage in
oesophagus with multiple
round herpetic erosions and
ulcers and numerous
infiltrating plasma cells and
lymphocytes as well as
interstitial oedema in the
lamina propria of the stomach,
duodenum and rectum??.22

then the full-text article was read. Reference lists of the full-text
articles were scanned to identify any additional studies. All types
of research articles, including original research articles, reviews,
case series, short communications and case reports were consid-
ered. A total of 244 full-text articles were assessed for eligibility
and 87 were included in this review (Figure 1).

Coronaviruses and the gastrointestinal system

There are two genera of human coronaviruses: alpha
(HCoV-229E and HCoV-NL63) and beta (HCoV-HKU1, HCoV-
0C43, SARS-CoV-1, MERS-CoV and SARS-CoV-2). SARS-CoV-2 and
SARS-CoV-1 have high degrees of genomic similarity and use
angiotensin-converting enzyme 2 (ACE2) as an entry receptor.’
There is comparatively more literature on the GI effects of

SARS-CoV-1 and MERS-CoV than the other coronaviruses. This
may be due to differential levels of GI involvement by these
coronaviruses.

HCoV-NL63 and HCoV-HKU1

Early studies found coronavirus-like particles in intestinal lesions
and the stools of infants with necrotizing enterocolitis.?>?* Esper
et al.?> identified HCoV-HKU1 in stool samples from children and
adults with GI disease. No stool samples were positive for HCoV-
NL63, HCoV-229E or HCoV-0C43. In a study by Vabret et al.?® in
France, of six HCoV-HKU1-infected individuals, three were admit-
ted to hospital for acute enteric disease and HCoV-HKU1 was
detected in stool samples in two of them. Studies done by Kan-
war et al.?” and Kumthip et al.?® found HCoV-HKU1 caused GI
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow chart.

symptoms (diarrhoea, vomiting, nausea and abdominal pain) in
up to 57% and 38% of infected individuals, respectively. Bouvier
et al.?? noted that among otherwise healthy adolescents and
adults, HCoV-HKU1-related GI symptoms tend to occur on the
fourth day of illness.

SARS-CoV-1

During the SARS-CoV-1 outbreak, 30-70% of patients had GI
involvement.'” In a small study, Srikantiah et al.>® found vomit-
ing and diarrhoea in 63% and 75%, respectively, of SARS-CoV-1-
infected patients. Hui et al.® found nausea/vomiting (20-35%)
and diarrhoea (20-25%) to be the common GI manifestations.
On day 14 of illness, the positivity rates of SARS-CoV-1 in urine,
nasopharyngeal aspirate and faeces were 42%, 68% and 97%,
respectively. Other studies found diarrhoea in up to 25% of
patients.3133 Chan et al.3* found 5.8% of their patients had fever
and diarrhoea (mainly watery without blood or mucus) as the
presenting symptom.

MERS-CoV

MERS-CoV patients had high levels of GI involvement.?> Zumla
et al.>® reported nausea (21%), vomiting (21-33%) and diarrhoea

(26-33%) in MERS-CoV patients. Abdullah et al.3” noted GI mani-
festations in 35% of patients they studied in eastern Saudi Arabia.

Gastrointestinal manifestations in COVID-19

GI manifestations are reported in 11.4-61.1% of individu-
als with COVID-19. The majority of COVID-19-associated GI
symptoms are mild and self-limiting and include anorexia,
diarrhoea, nausea, vomiting and abdominal pain/discomfort
(Table 2).15,16,21,22,38-60 T some studies, anorexia and diarrhoea
were the most common GI symptoms,®! while in others nau-
sea and vomiting were more prominent.* Although Han et al.*®
found COVID-19-associated GI symptoms to be more common
in females (65.7% vs 51.1%), no other studies have found such a
pattern.

Diarrhoea

Diarrhoea has been reported in 2-50% of cases®? and was found
to be more common in severe disease (moderate 69.2%, severe
100%).1® Han et al.’® found 20% of their patients experienced
diarrhoea as a first symptom, while in the rest it occurred up
to 10 d after the onset of respiratory symptoms. A majority of
patients are reported to have had non-severe, non-dehydrating,
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low-volume diarrhoeaq, lasting on average 5.4 d and showing
improvement by day 13 of illness.

Nausea and vomiting

Luo et al.>* found high levels of nausea and vomiting following
COVID-19, while the incidence was lower in most other studies. A
higher incidence of nausea was associated with more severe dis-
ease. Patients presenting with nausea, vomiting and diarrhoea
are more likely to have fever than those having one of the symp-
toms alone.'® Neonates with COVID-19 had vomiting and milk
refusal associated with the respiratory symptoms.®?

Abdominal pain

Abdominal pain is found at a lower rate than other GI symp-
toms but was common among patients receiving intensive care
unit (ICU) care.*® A minority of patients presenting with abdom-
inal pain had an important abdominal cause such as acute pan-
creatitis, acute appendicitis, intestinal obstruction, small bowel
ischaemia, sigmoid ischaemia, haemoperitoneum, haemopneu-
moperitoneum or abdominal compartment syndrome. Seelinger
et al.?! described seven COVID-19 patients who underwent an
emergency surgical procedure due to an acute abdomen.

Anorexia

In a meta-analysis of 60 studies, 26.8% had anorexia as the
most common symptom®! and this accounted for difficulties with
enteral feeding and maintenance of adequate nutritional sta-
tus.® Furthermore, individuals who later developed refractory
pneumonia had a higher incidence of anorexia on admission.*’

Other GI manifestations

Prominent GI symptoms such as bloody diarrhoea are more com-
mon in those with severe disease.“%-5> Constipation and haem-
orrhagic colitis are other less common GI manifestations.5>:6
Endoscopic evaluation carried out by Lin et al.** in a patient
presenting with GI bleeding associated with COVID-19 showed
multiple round herpetic erosions and ulcers. Similarly, Seeliger
et al.?! reported ulcerative and ischaemic changes in rectosigmoi-
doscopy in patients with severe symptoms.

The time of onset of GI symptoms is variable. In some they
are present at the start of the illness (before the other clinical
manifestations), while in most they develop later. Of the 61.1%
of COVID-19 patients with GI symptoms reported by Lin et al.,*?
only 11.6% had symptoms on admission to hospital, while the
rest developed them later. Those with predominant GI symp-
toms had significantly later hospital admissions than those with
respiratory symptoms (9 vs 7.3 d'® and 16 vs 11.6 d'°). There
was an associated delay in diagnosis and treatment.'® The group
of patients with predominantly GI symptoms had a significant
delay in presenting to hospital and a delay in the diagnosis as
well.’® Their clinical course was stormy and there was a higher
incidence of progression to severe disease (needing mechanical
ventilation and ICU care) compared with their non-GI counter-
parts,>16:42,49,53 They also had a longer hospital stay, as their
discharge was delayed until viral clearance was achieved. The

causes for this observation may be multifactorial. While treat-
ment delay may have played a part, studies have also found
higher viral replication and viral loads in patients with GI manifes-
tations.®” Han et al.> recommended doing routine reverse tran-
scription polymerase chain reaction (RT-PCR) testing in patients
presenting with GI symptoms, as they had higher rates of fae-
cal RT-PCR positivity than others. On the other hand, some stud-
ies have not found an association between positive PCR results
and the incidence of GI symptoms or disease severity.*>%7 Vari-
ations in GI manifestations and time of onset may be due to
several factors, including ethnic/geographical differences, asso-
ciated comorbidities or the use of different clinical and diagnos-
tic criteria.®® It is important to be aware of the range of GI man-
ifestations in COVID-19 so as to consider this possibility at an
early stage. Clinicians should have a high degree of suspicion in
patients with fever and GI symptoms, as this may be the only
indicator of COVID-19 and may forecast progression to severe
disease and the development of complications. Apart from pre-
existing liver disease, there were no other predisposing factors
documented for the development of GI manifestations, making
the prediction of developing such symptoms challenging.*?

Mechanisms for GI involvement in COVID-19

SARS-CoV-2 enters host cells through ACE2 receptors.®® High cell
entry efficacy is achieved in three ways: high binding affinity of
the receptor-binding domain (RBD) of the spike protein, evasion
of the host immune system by reduced exposure of the RBD to
the outside and Furin protease activation of the virus before entry
into host cells, thus reducing its dependence on target cell pro-
teases such as transmembrane protease, serine 2 (TMPRSS2).7°
Upon viral binding, the ACE2 receptor and virus are endocytosed,
leading to a reduction in cell surface ACE2 levels.

ACE2 receptor expression

The ACE2 receptor is expressed in both hollow and solid intesti-
nal organs. ACE2 messenger RNA (mRNA) is highly expressed in
the GI tract and is stabilized by the neutral amino acid trans-
porter BOAT1 (SLC6A19), found in the intestinal epithelium.?? In
gut epithelial cells, ACE2 is needed for maintaining amino acid
homeostasis, antimicrobial peptide expression and the ecology
of the gut microbiome. Thus a reduction of ACE2 may interrupt
these processes and increase inflammation.

A study using single-cell transcriptomics found elevated ACE2
expression in the upper oesophagus.”! However, in a differ-
ent case-control study, decreased expression of ACE2 and
nucleocapsid proteins were found in the oesophagus by immuno-
histochemistry.?? Such discrepant results may be due to patient
or assay-related variations and ACE2 mRNA expression patterns
may differ from its protein expression due to post-translational
modification. Oesophageal bleeding with erosions is noted in
some severe COVID-19 patients and may be due to high expres-
sion of ACE2 in stratified epithelial cells.** SARS-CoV-2 is usually
not found in the stomach and this may be because of the highly
acidic environment. ACE2 expression has been noted in the lam-
ina propria®? and enterocytes’? of the stomach. Thus, although
the virus is able to infect cells in the stomach, the low pH may be
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preventing this. There is high ACE2 expression in proximal and dis-
tal enterocytes of the small intestine,%® with the highest expres-
sion seen at the brush border of intestinal enterocytes.”? Interest-
ingly, ACE2 and TMPRSS2 are more highly expressed on absorptive
enterocytes of the ileum and colon than in the lung.”?

Saliva

SARS-CoV-2 RNA is found in saliva and may play an important
role in human-to-human viral transmission. Viral loads in saliva
decline with persistence of the disease.” Saliva may be used for
viral detection during the acute phase and has some advantages
over nasopharyngeal swabs such as ease of sampling, less risk to
healthcare workers and lower cost.

Oesophagus, stomach and small and large intestines

SARS-CoV-2 RNA has been found in biopsies from the oesopha-
gus, stomach, duodenum and rectum.** Involvement of the GI
tract during COVID-19 may be due to direct viral injury and/or
an inflammatory immune response and may lead to malabsorp-
tion, an imbalance in intestinal secretions and activation of the
enteric nervous system.”® Entry of SARS-CoV-2 into host cells may
trigger an inflammatory response. This leads to recruitment of
T-helper cells, a cytokine storm and organ damage. Individuals
with diabetes are more susceptible to cytokine storm effects of
COVID-19.7° Virus-induced diarrhoea may be due to an alteration
of intestinal permeability leading to enterocyte malabsorption.®?
Anal swabs have been reported to be persistently RT-PCR positive
for SARS-CoV-2, even after throat swabs become negative.*%-76
Positivity rates are higher among asymptomatic children, and this
would have implications for its transmission potential.

Histological changes in the GI tract and viral particles
on ultrastructure

Histology shows occasional lymphocyte infiltration in the oesoph-
agus and partial epithelial degradation, necrosis and mucosal
shedding in the stomach. There is dilation and congestion of
small blood vessels and oedema of the lamina propria and sub-
mucosa of the stomach and small intestine. Immune cell (lym-
phocytes, monocytes and plasma cells) infiltration is observed
in the stomach and intestines.??”’-7% In human small intesti-
nal organoids, enterocytes are readily infected by SARS-CoV-2,
as demonstrated by confocal and electron microscopy. The stud-
ies demonstrate that intestinal epithelium supports SARS-CoV-2
replication.”?

Stool viral RNA in COVID-19

SARS-CoV-2 viral shedding may occur through faeces. Chen
et al.®’ did not find an association between stool viral RNA positiv-
ity and GI symptoms. Of 42 COVID-19 patients, 66.7% had SARS-
CoV-2 RNA in their faeces but only 19% had GI symptoms. How-
ever, patients presenting with digestive symptoms are more likely
to be faecal viral RNA positive than those with respiratory symp-
toms (73.3% vs 14.3%). Patients with digestive symptoms also
take longer to clear the virus from their stools.'> Zhang et al.®
found a higher positivity rate of the virus in faeces compared with

respiratory samples (83% vs 67%). The virus was present in the
stools for a longer period compared with upper respiratory speci-
mens (22 vs 14 d).5! Chen et al.%” found faecal shedding to occur
for 6-10 d after pharyngeal swabs became negative and a similar
pattern was seen among children.” The presence of faecal viral
RNA does not correlate with disease severity.®” The longer positiv-
ity of viral RNA in the stools of patients with digestive symptoms
compared with those with only respiratory symptoms may be due
to the high viral load in such patients. It may also be due to direct
viral infectivity of the GI tract. Medications such as corticosteroids
affect viral clearance. Ling et al.8! found a significant delay in the
viral clearance from faeces compared with oropharyngeal swabs
(20 vs 11 d) in patients who received corticosteroids.

Viral proliferation in the digestive tract raises the potential
of faecal-oral transmission.8? However, the presence of viral
RNA in stools does not correlate with transmissibility, as nucleic
acid detection does not differentiate infective from non-infective
(dead or antibody-neutralized) viruses.®* The detection of faecal
viral RNA by RT-PCR testing in COVID-19 patients at different time
points may be helpful in management (especially so in patients
with GI symptoms). It may help with evaluating the effective-
ness of treatment and for determining when quarantine may be
ended.

Gut microbiome and COVID-19

The gut microbiome may play an important role in COVID-19.84
As the gut microbiota is known to affect pulmonary health, it may
influence the pathogenesis of SARS-CoV-2 infections. Further-
more, respiratory infections are known to cause a change in the
composition of the gut microbiota. Increased mortality and mor-
bidity from COVID-19 is associated with the elderly, those with
comorbidities such as diabetes and obesity and immunocom-
promised individuals. These groups of individuals are known to
have an impaired gut microbiome structure and function. SARS-
CoV-2 infections may further disturb the commmensal microbe
composition in the gut and lead to gut dysbiosis. The dysbiosis
may cause increased cytokine levels, systemic inflammation and
exaggerated immune responses.®> Factors released during sys-
temic inflammation, such as C-reactive protein, are related to the
severity of COVID-19. Gou et al.8 reported that around 20 blood
proteins are associated with COVID-19.

A study done in Hong Kong characterised the gut micro-
biome alterations in COVID-19. An abundance of Coprobacil-
lus, Clostridium ramosum and Clostridium hathewayi correlated
with COVID-19 severity, while the abundance of Faecalibacterium
prausnitzii (an anti-inflammatory bacterium) showed an inverse
correlation. Bacteroides dorei, Bacteroides thetaiotaomicron, Bac-
teroides massiliensis and Bacteroides ovatus were associated with
low faecal SARS-CoV-2 viral loads.®” Detailed characterisation of
the gut microbiome may be useful in predicting disease sever-
ity in COVID-19 and large prospective studies are needed to
explore this aspect further. The use of probiotics or prebiotics
may help re-establish a more normal gut microbiota. Adequate
dietary intake of high-quality proteins, vitamin A and branched
chain fatty acids may increase the production of antibodies. Con-
sumption of dietary components with known anti-inflammatory
and antioxidant properties (omega-3, vitamin C, vitamin E and

10



Transactions of the Royal Society of Tropical Medicine and Hygiene

phytochemicals such as carotenoids and polyphenols) may help
blunt an exaggerated inflammatory response and thus prevent
dysregulated immune-mediated damage. Low vitamin D levels
increase susceptibility to severe disease and death. Adequate
fibre intake reduces the relative risk of mortality from infectious
and respiratory diseases by 20-40% and is associated with a
lower risk of chronic obstructive pulmonary disease.®®

Segal et al.%® found the gut microbiota influences GI ACE-
2 receptor expression and thus may play a role in influencing
COVID-19 infectivity and disease severity. A study done in India
found diet plays a crucial role in modulating the gut micro-
biota. The authors suggested a plant-based, fibre-rich diet may
be advantageous during this pandemic, as it helps replenish the
host gut microbiota, leading to various health benefits includ-
ing enhanced immunity.”® Van der Lelie et al.’! have discussed
the ‘gut-lung axis,” where the gut microbiota composition influ-
ences lung susceptibility to viral infections and viral infections
of the lung alter the gut microbiota composition toward a pro-
inflammatory and dysbiotic state. Such dysregulation may influ-
ence disease progression and the risk of developing complica-
tions. The gut microbiota could influence immune responses and
thus affect COVID-19 disease progression. Both overactive and
underactive immune responses may lead to clinical complica-
tions in COVID-19. Safe and inexpensive prebiotics and probiotics
should be considered as adjunctive treatment to limit COVID-19
progression ininfected patients or as a preventive strategy in non-
infected persons at risk.?

Management of COVID-19-related GI
manifestations

Diagnostic aspects

Most GI manifestations in patients with COVID-19 are mild and
self-limiting.®* In such patients, no further investigations specific
to the GI system are needed. Routine endoscopy is not useful in
the diagnosis of mild disease and should be performed cautiously
due to the risk of exposure of healthcare workers. Mild cases have
anormal endoscopy, but in one study, endoscopic biopsy showed
plasma cells and lymphocytes in the lamina propria of the stom-
ach, duodenum and rectum despite having a macroscopically
normal GI epithelium.?? Endoscopy is useful in selected patients
with GI bleeding for both diagnostic and therapeutic purposes.
Lin et al.** found multiple round herpetic erosions and ulcers in
the oesophagus. Martin et al.*> found gastric or duodenal ulcers
in 80% of endoscopies for upper GI bleeding and rectal ulcers in
60% of endoscopies when there was lower GI bleeding. Mauro
et al.*6 described 11 patients who had active peptic ulcers, ero-
sive gastritis and bleeding from gastro-oesophageal varices. A
summary of the reported investigation findings and treatments
used are provided in Table 3.1>-16:21,22,38-60 Although stool RT-
PCR, peritoneal biopsies and peritoneal fluid RNA tests have been
performed, their usefulness in management is limited. Selected
patients with abdominal manifestations such as acute abdomen
and peritonitis should have an abdominal computed tomogra-
phy scan and angiogram. The reported positive findings include
small bowel volvulus, acute enterocolitis, splenic flexure con-
trast extravasation, acute appendicitis, haemoperitoneum and
haemopneumoperitoneum. As there are no accepted protocols

for investigation of GI manifestations in COVID-19, the decision
should be made based on individual circumstances considering
the therapeutic benefit of the intervention and the potential risk
of exposure to healthcare workers.

Protective measures during endoscopy

Procedures such as upper and lower GI endoscopy should fol-
low the recommended guidelines.® As positive viral RNA is seen
in the oesophagus, stomach, duodenum and rectum, endo-
scopic procedures warrant extra precautions to ensure the safety
of staff and prevent cross-contamination and nosocomial out-
breaks among patients. During the COVID-19 pandemic, specific
infection control guidelines have been implemented in different
countries for endoscopic procedures.’* Endoscopies should be
performed only after clinical discussion and should be considered
when it is essential for reaching a therapeutic decision that can-
not be made using other non-invasive tests.

General measures and universal precautions

Human-to-human transmission of SARS-CoV-2 occurs mainly
through the respiratory tract via infected droplets/aerosols. Con-
tact with contaminated surfaces is another possible mode of
transmission. Thus wearing proper face masks, hand hygiene
and social distancing are fundamental for infection prevention.
Healthcare workers should wear appropriate personal protective
equipment. Since the virus is found in stools for varying lengths
of time, extra precautions may be needed to avoid faecal-oral
transmission. Contact with infected saliva or stools should be
avoided. Appropriate infection prevention and control measures
should be in place for preventing nosocomial spread. There are
case reports of the detection of virus in peritoneal fluid during
laparotomy. Therefore adherence to special precautionary infec-
tion control measures for preventing aerosolization of the virus
during laparoscopic procedures or when using electrocautery in
open procedures should be considered.®

Supportive measures

As most virus-induced GI manifestations are mild and self-
limiting, supportive care and symptomatic treatment are usu-
ally sufficient.®>-¢ Supportive treatment with oxygen, optimal
hydration, analgesics and anti-emetics may be necessary.?
Although studies are limited, endoscopy in selected patients has
shown ulceration and bleeding. Avoidance of non-steroidal anti-
inflammatory drugs (NSAIDs) and gastric acid prophylaxis should
be considered in patients with GI manifestations. Those with par-
alytic ileus or excessive vomiting may require nasogastric tube
decompression and nothing by mouth. Patients with diarrhoea
need appropriate rehydration therapy and anti-diarrheal medica-
tions. Those with GI manifestations have increased rates of elec-
trolyte disturbance®? and thus regular monitoring and correction
of electrolytes is needed and medications that may induce elec-
trolyte imbalance should be administered with caution. Those
with severe GI manifestations or acute abdomen should be man-
aged by a specialised multidisciplinary team including a physi-
cian, critical care specialist, nutritionist, gastroenterologist and
surgeon.

11



J. C. Kariyawasam et al.

%S €T Yibag
%9L°9 9403 NI

%929
uonp|UaA
|D2IUDY3
%LSLT
Ainfur Jani
%S €T XI0YS
(puiyd)
%9L°9 SAYY ON VN VN VN VN VN 169 vy 250207 ‘Ul
(puiyd)
1,020C
VN ON VN VN VN VN VN 18 vy ‘bupny
DSodNW
|bunsalul
%00T ay3 ybnoiyy
:pabipydsip SnJIA Jo (ouyd)
/Po42N0I9Y ON VN VN uolIsbAul 15941d VN VN 90¢ vy 1020 ‘UoH
(puiyd)
VN ON VN VN VN VN VN 6601 vy 0,020T ‘Ubno
(puiyd)
VN ON VN VN VN VN VN [4/ vy 6:020C ‘Uay)
(ouyd)
VN ON ON I VN N WN 66 vy ¢c070Z ‘U3YyD
[oho)o] Juswaboupw SUOI}DISDHUDW uonLINU pup Abojoyind Adoosopug  buibouwly N adfy (A1unod)
dn-mojjo} pup 02161ns pup 19 1o} JusWwaboubwl ‘sjuannd JPIIY I0ak
SUOIIDISAIUDWI suonpaldwo) J1yads sbnig JEIED) D301 ‘JoyInD 3sJi4

19 JO 3WO02INO

SUOIIP}SajlUDW [9 pub 6T-AIAOD Yim mucw_pca JO JusWilbaJ]} PUD JUSWISSSSSY “€ @1qpbL

12



Transactions of the Royal Society of Tropical Medicine and Hygiene

%L ¢ Yivad

aA1IpbaU soMm

Aydoibolibup
Ing aInxay
o1u9|ds 10
(9%09) UOIIDSDADIIXD
Adoosouojod 9AI1ID<
%9% saidodsopua Jo Jo Adoasop juannd 1
UOI3D]13USA %09 Ul SJ192]n -lowbis Ul wniboibup
1DIIUDYI3N VN ‘9191 103231 ‘9197 21qIxaY ‘9191 129191
%0
ur A1annd
Jo sdijpopua
‘uonalul
uoIsnysunJy aulydauida
pooiq Yum
Buninbal Bunouow saidodsopus jo pa10ai1 {(%z¢)
(0T 49mo) SIdd puo %08 Ul S9N Kdodsouap
‘1€ Jaddn) asop-ybiy uoIsnysupi} |puaponp/ou} -onposispbob (vsn)
%9% 8103 NI buipaaig 19 ‘419N poolg -sob ‘919N -pydosa ‘g1on 9N ‘a19n 14 vy 0207 UD
%38"¢ Yibad
%T'96 (puiyd)
PaJon0o9y VN VN VN VN VN VN 71l vy 4,070¢ ‘on
siospul
woJj Wd 97 jJo
92UD3SIp D 1D
W 9-+ Adodsopua Aq
4O J9}DWIDIP snboydosao
D YIIm ay
snboydosao 0} pasI|pI0]
%6'8¢ dy3 ulsisoin bupaaiq
pabioydsig puD SUOISOJD 40 924n0S
%119 oiadiay ‘buipasiq 19 (buiyd)
|paidsoy ug ON VN VN punoJ a1diyniy yum syuannd ug VN 96 vy ¢»0207 ‘Un
DIDP Juswaboupwl SUOIINISDHUDWI uonLINU pup Abojoyind Adodsopug buibowiy N adfy (A1unod) Jnak
dn-moyjo} pup 02161Nns pup 1D 40} JusWaboubw ‘syjusnond oIy 104Ino 15414
SUOI}DISDHUDW suonpadulo) oiy9ads sbnug IJENELD) 0301

I9 4O 3WO02INO

panunuo) °g 3|qoL

13




J. C. Kariyawasam et al.

Jan Ul

9UWIOJpUAS punom gois
Juawpdulod JOAI Ul pUNOM puD WN3auo}
|puILIOpgD qo3s pup -1iadow
‘wnauojliadow winauojuadow -naudowany
-naudowlany -naudowany ‘wnauo}
‘wnauoy ‘wnauol -11iadowiapy
-liadowany -1Jladowsany ‘DILUBDYISI
‘DILUBDYDSI ‘DILUBDYDSI plowbis
plowbis plowbis sabupyd ‘spipipuaddp
‘DILUBDYISI ‘sppipuaddo JIWaDYIS| ‘DILUBDYISI
%0% pabipydsip ]omoq |Ipwis ‘DILUBDYDSI puD 3AIDIADIN ]omoq )pwis (92uDJ4)
/P2J9N003Y ‘suoiypordulo) VN VN ]omog |Ipws  ‘Adodsoplowlbis ‘uswiopgp 1) / vy 12020¢ “19bn9ss
%%6°G 2402 NI
%S%7'8T Yibad
(ouyd)
%SG T8 P2I9N0I3Y ON VN VN VN VN VN 70¢ vy 91020 ‘und
(buiyd)
VN VN VN VN VN VN VN SST vy 14020 O
juanod
1 Ul buipas)q paajgal
|0321DA AJ4D3 UD Y3M
snopidsns quannd T ul
1o} Juabo JusWInaJ3-9l
%ZZ Uaq SAI1DDOSDA oidodsopug
(%G ™) S921DA
|paboydosao
-0J1Spb
wioJy buipas)q ISIRED)
|D221IDA 9101A1000UDAD
“(%22) siIsob ‘S usdip
J1bpyiowany pup uondaful pasjgai
buriojuow J0 SUl|pUSIPD K403 UD Ym
pup DAISOJD “(%H) Uum paioan uannd T ul
syuannd €7 uolsnysuni} s4901n dndad ‘syuannd uoipzioqwia (Aoa1)
%8/ pabioydsiq  ul buipas)q 19 Jaddn  SIdd 9sop-ybiH pooig 9AI3OD ‘gION 1T ur3mn jooibojolpoy  T/8% VY 9,020 0IND
pIPP dN-MoO]|04 JuswWabpupwi SUOIIDISIYUDW  UOIIINU puUD Kbojoyind Adodsopu3 Buiboull N adAy (Aiunod) Joak
PUD SUOIIDIS3}IUDW p2164Ns 1D 10} JuaWwaboubw ‘syuanond 9y JoyInp 1514

19 Jo awo2IN0

pub suoipaiidwo)

dydads sbnig IENED)

o301

panuiuo) “g aqoy

14



Transactions of the Royal Society of Tropical Medicine and Hygiene

(buiyd)
0202
VN VN VN VN VN VN VN S0S vy ‘buoyz
0 YoaQ
%001
pabipydsip/paianodsy
%0§ 2403 NI
%ST (210dpburs)
UOIID]IIUSA [DIIUDYISN VN VN VN VN VN VN 81 vy 260207 ‘Bunoi
0 402 NI
0
UOIID]1I3USA |DIIUDYIBN
%001 (buiyd)
pabipy2sip/paIan0day VN WN VN VN WN WN 01 vy 150207 X
(buiyd)
VN VN VN VN VN VN VN 9 vy 050202 ‘NX
(ouiyd)
VN VN VN VN VN VN VN 8¢l vy 6,020 ‘Bupm
(oulyd)
VN VN VN VN VN VN VN 18 vy ,020 ‘IUS
Jomoq
]IDWS Pa3DIS2IDIU
JO uoidNpal
‘wnauojliadownaudowsany
/wnauojiadowany
40 abpuIDIp
uado ‘Awoldapuaddp
J1dodsoindn)
‘Uo1109sal ]9MOoq
Ipwis uado ‘sak
%09 2402 NDI “Quawaboupwl 102164NS
p10p dN-MoO)|04 JuawWaboubwl |p21bINS SUOIIDISAUDW uonuinu puo  Abojoyind Adodsopu3y buibowi N adAy (Aiunod) Joak
PUD SUOIIDISBHUDWI pup suonpaduio) 19 4o} Juswsbpubw ‘sjusnpd 9Py J0yInD 3s.14
19 JO aWw02IN0 oy2ads sbnig ISERED) p30L

panunuo) *g 31qoyL

15



J. C. Kariyawasam et al.

w9sAs
JUsWI2bbUDWI
[sREIe}

wioJ) bwinpiy
12941p 10 J32]N

|p1931 ‘€ UanDd

auop
10U ‘€ JUBIIDd

D30YLIDIP
JSE Y
awinjon
abin) IESEN
104 weysAs buipas)q
Juawabo 3y 9z1)p20)
-UDW 023D} Buipaalq j0U pIp
JuaWwaboubw D JUSMJIBPUN |ouaponp winiboibup
%L"99 YinaQ 102164ns ON € uanDd -01s0b ‘7 Jusnng 1D ‘7 uanog
ssndAq o13sob
A-PUa-Xnoy
Buniouow snoinald
pup woJj 1221n
uoISNysuDi} JIWBPYISI
SIdd poojq 2130W01SbUD
%EEE uoisnysupiy poojq asop-ybiy yum Jusw upo (vsn)
pabipydsip buninbai buipaalq uanib asam -aboupwi wiouy Algissod auop 40202
/PI2N0I3Y 19 ‘suonpondwio) syuanod ¢ ||y SAIIDAIBSUOD ‘T 1uanng auop 10N 10U ‘T JUa1IDd € og ‘yuodipoo
(ouyd)
WN vN WN VN N N N 161 vd  c020T ‘noyz
(buiyd)
40202
VN VN VN VN VN VN VN o7l vy ‘bupyz
pIPP dN-Moj|04 JusWabpubw SUOIIDISIJUDW uonINU pup Kbojoyind Adodsopu3 Buibowg N adAy (Aiunoo)
pUD SUOIDIS}IUDUI 1P2164Ns 19 10} Juawaboupw ‘syuanpd 9Py J0aK
19 Jo aWwo02IN0 pup suonpondwio) o12ads sbnig [JERED) |p10L ‘JoyInDp 1S4

panuiuo) “g aqoy

16




panupuo) °g 31qoL

uonnu
[IERIEY o]
spaJound
E)lels)
-yJouiaiun
siipaJoupd 83noD puD 10043
(p1op3Iskid) Huisnbd s)j92 AJpijiq jowiiou
UO0DIISNSAI 19151 JipaJOUDRd 01 ‘Japppiq (vsSn)
payinads pInY ‘yinow sbpwipp paipipaw 1106 jouliou 15 020¢
pabipydsip/paianoday ON J0U ‘DISabIPUY Aq buiyioN J01dadai 73DV VN ‘uswiopgp 1) 1 D) ‘sniskoly
spodas 9sp)
VN
1DJIA PUD 73DV
Joj wnnayuda
% 19 jo buluipys
@ 9AI}ISOd ‘DUIBPA0
=y 1PIR3SISIULYIM
.M U995 s914L00ydwA|
c pup s)192
o
o pwisoid buipaajyul
m snoJsuinu ‘wnidai
S pup Winuaponp abowinp
W ‘4apWols uDdLIUbIS
= 40 pudoud puiwin) ou pamoys
W ur “wnieyuds Wwin3dal pup
o snowpnbs winuaponp
:_M Joaboydosao ‘4opuWolIs
W, ur s1£20ydwiA] ‘snboydosao
Tl |PUOISDI20 4o wnnpayuds (puIyd)
S VN VN vN WN Jo uonpayu] snoanpy VN €L )4 £,020T ‘OpIX
v
= pIDP dN-Mo]|04 JusaWaboubwl SUOIIDISAYUDW  UORIINU pUD Kbojoyind Adoasopu3g Buibowy N adfy (Anunod)
a puD SUOIDISA}IUDW 02164Ns 19 10} Juswaboupw ‘syjuanpd 9Py J09K
a2 19 JO dW0o2IN0 pup suonpdondwo)  duads sbnig [JENED) |p101L J0YIno 15414
£
+—
[
s}
[%2]
c
.0
4
O
(o}
[%2)
c
o
T

17



J. C. Kariyawasam et al.

‘Adodsopus |punsaiuloilspb

Jaddn 3190 912134D Y2ID3sal 17y D]gDjIDAD Jou N ‘Adodsopua |pulsa3ulosisb Jamol :g197 34odal 9SD2 ¥ {UOIIDIIUNWILLIOD Ja1iq D DWOIpUAS ssaiisip Ai0jpiidsal 9InaD [SAYY

SNajl INoyIM
S1311020493Ud (undpr)
91NdD 090¢0¢
SEIEINOREN ON VN ‘uswiopgp 1D 1 D) ‘DpOSOH
(vsn)
<0207
SEIETNeREN ON SUI|DS |DULION N VN 1 Kb} ‘anysjoH
DINJIJAAIP
21U0j0d
ou ‘DILBDYISI
Jamoq
ou ‘uonpiogsad
ou ‘2)qpIA DILWBDYIS!
uo1129s34 pUD |D}IA ]9MOg nb
DUIISaIUI INOYIIM "(0bp sIpak 07 4o subis ou
siskjoisaypp ‘sak Awoldapuaddo UM SNINAJOA
“quawsbpupw uado jo Aiosiy Jomoq
02164nS 1s0d) 41y )owis b 03
uoIsn}220 03 payon1D aNp UoISN|220 (Ao31)
Jounsaul pupq |0jUBWO |punsaUl 50702
SEIEINOREN ‘suonponduwo) 01 @NP SNINAJOA ‘uswiopagp 1D 1 D) ‘uI0220)
pIPP dN-moj|04 Juswaboupw SUOIINISIUDWI Abojoyind buibowig N adfy (A1unod)
puD SuoIpISHUDW 102164NS JuaWaboubW ‘syuanod eIy J0dk
19 JO dW0dIN0 pup suonpddwo) [oale]} J04Ino 15414

panunuo) "¢ 3|qp1

18



Transactions of the Royal Society of Tropical Medicine and Hygiene

Medications

To date, no specific antiviral medications have been shown to
reduce mortality in COVID-19 patients. The antiviral drugs used
for treatment of COVID-19 include remdesivir and lopinavir-
ritonavir. Remdesivir was shown to reduce hospital stays in
patients with severe disease. A myriad of other treatment modal-
ities aimed at symptom control and management of compli-
cations have been used. Immunomodulatory agents including
glucocorticoids, convalescent plasma and anti-cytokine therapy
have been used to reduce the negative effects of the overwhelm-
ing systemic inflammatory response.®® However, except for
dexamethasone, the other agents have not shown definite thera-
peutic benefits, although they may be beneficial in selected sub-
groups.’® Moreover, evidence on the efficacy of these agents
in treating GI manifestations is limited and further studies are
required. There is an ongoing debate about the use of ACE
inhibitors and renin-angiotensin-aldosterone system blockers in
the treatment of COVID-19. Although beneficial mechanisms
such as blocking viral entry into the host cell have been proposed,
the clinical significance of these agents is yet to be conclusively
proven. 101

The loss of gut mucosal integrity and dysfunction of intesti-
nal flora are important complications in severe viral illnesses,
including COVID-19. The use of probiotics has been suggested
to improve GI symptoms of SARS-CoV-2 infection.’®? Irrational
use of broad-spectrum antibiotics should be avoided, as they
cause the loss of commensal intestinal flora and alteration of
gut mucosal integrity. COVID-19 treatment guidelines in China
have included the use of probiotics and micro-ecological regu-
lators for maintaining gut mucosal integrity and to minimise sec-
ondary bacterial infections.°?

Nutrition

SARS-CoV-2 patients may have a reduced oral intake due to the
severity of their disease or as a side effect of the medicines
that are used. Enteral nutrition is important for maintaining gut
mucosal integrity, especially in patients with severe disease. In
patients with severe disease, specialist nutritional assessment
should be done and a high-calorie, immunomodulatory diet
should be administered. In patients who are mechanically venti-
lated, nasogastric or nasojejunal tube insertion and enteral feed-
ing is an option. In patients who cannot tolerate enteral feeding,
parenteral nutrition should be administered. However, enteral
feeding should be commenced early following improvement of
the clinical condition.

Surgical measures

Rarely, patients with COVID-19 may present with an acute
abdomen either due to a complication of the disease or due
to a coexisting pathology. Conditions such as acute pancreati-
tis and abdominal compartment syndrome have been reported
in association with COVID-19.7:193 Thus such conditions should
be suspected in a deteriorating SARS-CoV-2 patient with an
acute abdomen. As thrombotic complications are well-described
in SARS-CoV-2 patients, mesenteric thrombosis should be sus-
pected early in a clinically deteriorating patient with acute

abdomen and appropriate anticoagulation should be initiated
promptly after confirming the diagnosis through imaging.'* In
patients with GI bleeding that does not settle with medical man-
agement, therapeutic endoscopy with clipping or cautery has
been found to be successful.

Surgical treatment has been reported for conditions such
as intestinal obstruction, bowel ischaemia, acute appendicitis
and haemoperitoneum/haemopneumoperitoneum in associa-
tion with SARS-CoV-2 (Table 3). Such cases are extremely rare
and require a high degree of clinical suspicion and relevant imag-
ing to reach the diagnosis. Standard surgical procedures have
been performed with appropriate personal protective equipment
and infection control measures to prevent transmission of infec-
tion.1051% Fyrthermore, in such critically ill patients, postopera-
tive care in an ICU is necessary.!%’

GI side effects of medications used for
COVID-19

A number of medications used in patients with COVID-19 have
documented GI side effects (Table 4).108-130

Antivirals

Antivirals and antibiotics may cause diarrhoea and alter the
gut microbiome.'3! Remdesivir has a number of GI side effects,
including nausea, vomiting, gastroparesis and constipation. 32133
The antimalarial agents chloroquine/hydroxychloroquine and
lopinavir/ritonavir cause nausea, vomiting, loss of appetite and
abdominal cramps. 108113

Immunomodulatory agents

Immunomodulatory agents such as corticosteroids can increase
the risk of peptic ulceration and GI bleeding.’®* The Janus kinase
inhibitor baricitinib can cause diarrhoea.'® Immunomodulators
such as tocilizumab may cause GI bleeding, nausea, vomiting and
ulceration. The GI side effects of intravenous immunoglobulins
are minimal (Table 4).

Proton pump inhibitors (PPIs) and COVID-19

The use of PPIs are a risk factor for rotavirus, influenza virus,
norovirus and MERS viral infections.’** Individuals using PPIs
once or twice daily had significantly higher odds of a pos-
itive COVID-19 test compared with those not taking it.1*¢ A
larger study done by Lee et al.’®” in 14 163 current and 6242
past PPI users with COVID-19 found SARS-CoV-2 test positiv-
ity was not associated with current or past use of PPIs. How-
ever, current use of PPIs conferred a 79% higher risk of severe
clinical outcomes following SARS-CoV-2 infection. In contrast,
Tastemur and Ataseven!®® hypothesised that PPI may be used
for treatment and prophylaxis of COVID-19, owing to their anti-
inflammatory, antioxidant, immunomodulatory and antifibrotic
properties.
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COVID-19 in patients with diagnosed GI
disorders

The presence of comorbidities (including pre-existing digestive
disorders) is associated with poor clinical outcome in COVID-19.

Inflammatory bowel disease (IBD)

Chronic inflammatory conditions such as IBD have a theoreti-
cal risk of making an individual more susceptible to COVID-19 or
to a more severe course of illness. Thus far there has not been
definite evidence for either scenario. Of the patients who con-
tracted COVID-19, the most prominent clinical manifestations
were fever and cough, similar to the general population. Diar-
rhoea was noted in about 20% of patients, making the clinical
distinction between disease flare and COVID-19 essential for fur-
ther management.’® In those who do not have COVID-19, con-
tinuation of biologic therapy for IBD is recommended. However, in
those with COVID-19, the severity of the IBD needs to be consid-
ered and treatment balanced with the severity of COVID-19.140

Bezzio et al.'*! found that active IBD leads to a negative out-
come requiring longer hospitalization and assisted ventilation.
Treatment did not change this, emphasizing the importance of
prevention of acute flares by adherence to therapy. IBD patients
>70y of age or with other associated comorbidities were at high-
est risk of complications.'? IBD patients who are pregnant may
have a high risk of COVID-19. A woman in the first trimester with
an acute severe ulcerative colitis and COVID-19 suffered an abor-
tion, but the exact reason for this was not clear. Optimal man-
agement of IBD in pregnancy during the COVID-19 pandemic
is yet to be defined. No or limited use of steroids and the use
cyclosporine and infliximab as salvage therapy on a case-by-
case basis has been suggested.** Symptomatic anal fistula in
Crohn’s disease requires proper and timely treatment. Although
exploration under anaesthesia is the gold standard for diagno-
sis, during the COVID-19 pandemic outpatient exploration may
be a more suitable option. This would minimize the number
of medical personnel required and avoid higher-risk anaesthetic
procedures. 4

GI malignancies

The pandemic has affected multiple steps in the diagnosis and
management of GI malignancies.'*>1%® Interruption of endo-
scopic services due to the increased risk of disease transmission
and added cost of infection prevention measures (especially in
developing countries) has caused considerable delays in the diag-
nosis of GI malignancies.'” Elective cancer therapies and surg-
eries have been delayed to allow increased capacity for deal-
ing with COVID-19 patients.'*®1%% Such delays may adversely
impact optimal care for cancer patients and worsen long-term
outcomes. A delay in surgical resection in colorectal cancer wors-
ens the survival rate and studies have found disease progres-
sion in patients with pancreatic malignancies.'™® Patients with
GI cancers needing frequent hospital visits may be at higher risk
of hospital-acquired COVID-19 transmission. Yu et al.'>! stud-
ied 1524 cancer patients and found them to have a twofold
increased risk of COVID-19 infection when compared with the
general population.

Other GI disorders

The outcomes of patients with pancreatitis, celiac disease or
irritable bowel syndrome who get COVID-19 have been poorly
studied.5

Limitations

Limitations of this review include the small number of studies
reporting on certain GI manifestations, making it difficult to pro-
vide more definitive conclusions on such aspects. It is possible
that subtle GI findings were not documented (and thus underes-
timated) during the early part of the pandemic. Well-conducted
studies from different regions of the world will help expand the
evidence base and provide better answers to the many questions
at hand. Ours is a broad overview of the main reported GI mani-
festations in COVID-19 and their management. A more compre-
hensive and detailed profile of specific aspects should emerge as
more data are published from different countries.

Future recommendations

During the present pandemic, testing for SARS-CoV-2 should be
considered in patients with GI symptoms, irrespective of them
not having the other typical symptoms of COVID-19. The long-
term effects of the different GI manifestations should become
better defined as more studies using GI imaging and histologi-
cal findings become available. Detailed and systematically con-
ducted histopathology and autopsy studies should shed light on
aspects of pathogenesis and pathology that are still undefined.

Conclusions

GI manifestations are an important feature in some COVID-19
patients. The findings reported so far provide us with new and
important insights for understanding the GI effects of SARS-CoV-
2 and their underlying pathogenesis. Further studies should help
with better delineation of the many uncertain aspects of COVID-
19 and the GI tract. In this review we outlined the important GI
manifestations of COVID-19 and discussed the possible mecha-
nisms and aspects relating to their diagnosis and management.
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