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COVID-19's common manifestations are fever and respiratory disorders; however, patients may also experience
gastrointestinal tract (Gl tract) symptoms. Nausea, diarrhoea, and abdominal pain can occur before or after respiratory
symptoms. More severe complications, such as acute mesenteric ischemia/thrombosis, have been reported in the late
stages of the disease. Although COVID-19 is primarily transmitted through respiratory secretions, evidence showed the
presence of SARS-CoV-2 RNA in stool samples. This is likely due to the high expression of host receptor angiotensin
converting- enzyme-2 (ACE-2) in both respiratory and gastrointestinal cells. The aim of this review was to examine the
prevalence of gastrointestinal symptoms and complications in COVID-19 patients. A thorough systematic search across
databases (Google Scholar, PubMed, and Clinical Trials) was conducted from January 1, 2020, to June 30, 2024, using
search terms related to the effects of COVID-19 on the GI tract, and an extensive literature review was conducted.
Gastrointestinal symptoms are a component of the progression of a COVID-19 infection, and it's crucial to take symptoms
like diarrhoea, nausea, vomiting, and abdominal pain seriously. There are several factors that contribute to these symptoms
antiviral drugs, and potential harm to the digestive system due to the inflammatory response caused by SARS-CoV-2. The
detection of SARS-CoV-2 in faecal samples is vital for clinical practice, particularly for patients with unusual symptoms,
and should be conducted as COVID-19 patients are discharged from the hospital to confirm viral clearance. COVID-19
patients with gastrointestinal symptoms often experience delayed diagnosis and treatment, making it necessary to examine
stool samples in addition to respiratory samples.

Keywords: COVID-19; Gastrointestinal symptoms; Gl Complications; Angiotensin converting enzyme 2 (ACE-2); SARS-CoV-2 RNA; Stool

INTRODUCTION

The World Health Organization (WHO) declared
Coronavirus Disease 2019 (COVID-19) a pandemic at the
beginning of March 2020 (Johnson et al. 2020). An initial
pneumonia outbreak in Wuhan, Hubei province, China,
with an unknown aetiology, led to the start of this
worldwide health emergency (Letchumanan et al. 2020).
The Coronavirus Study Group of the International
Committee on Taxonomy of Viruses (ICTV) gave the
disease's causative virus the name severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) (Wu
et al. 2020). SARS-CoV-2, a single-stranded RNA virus
with a positive sense first discovered in bat fields, belongs
to the genus Beta coronavirus (Ma et al. 2020 and
Muddasir Khan et al. 2021). A coronavirus that leads to
severe acute respiratory syndrome (SARS-CoV) and a
coronavirus that leads to Middle Eastern respiratory
syndrome (MERS-CoV) share 79% of their genomic
sequence identity. These commonalities may be the
cause of some of the same clinical and epidemiological
traits that SARS-CoV-2 and the other two viruses share
(Xu et al. 2020).

The global impact of SARSCoV-2 was catastrophic,
affecting over 250 million people and causing the deaths
of 5,072,046. The virus's rapid spread caused new, more

virus primarily targets respiratory epithelial cells and
spreads through respiratory transmission, the specific
target cells and organs of the virus have yet to be
definitively identified (Xiao et al. 2020).
Angiotensin-converting enzyme 2 (ACE?2) acts like a
SARS-CoV-2 functional receptor and is essential to the
virus's cellular entry (Wu et al. 2020). It is highlighted in
multiple studies that SARS-CoV-2 exploits the ACE2
receptor to enter target cells (Song et al. 2020, Yao et al.
2020, Zhang et al. 2020). ACE2 is expressed in various
tissues, including the nasopharynx, oral and nasal
mucosa, small intestine, lung, spleen, colon, kidney, liver,
and brain. Compared to the respiratory system, the Gl
tract, mainly the colon, exhibits high levels of ACE2
expression, making the digestive system susceptible to
SARS-CoV-2 (Xu et al. 2020). The virus can enter host
cells via the interaction between the human ACE2
receptor and the viral spike (S) protein. SARS-CoV-2
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(Hoffmann et al. 2020).

As observed in the 2003 SARS and 2012 MERS
outbreaks, the common signs of a COVID-19 infection
include fever, runny nose, sore throat, cough, and
difficulty breathing. However, some individuals may
remain asymptomatic despite being infected with the
virus.

Further to respiratory symptoms, patients often
encounter Gl problems; diarrhoea, nausea, vomiting, and
stomach aches are the symptoms that were reported (Wu
et al. 2020). The Gl symptoms may occasionally be the
first signs of COVID-19 (Song et al. 2020). SARS-CoV-2
RNA could be found in stool samples (Yao et al. 2020),
anal swabs (Zhang et al. 2020), or rectal swabs (Xuet al.
2020) of COVID-19 patients, even after the virus cleared
from the respiratory tract (Xiao et al. 2020). These
findings indicate the possibility of SARS-CoV-2 faecal-
oral transmission. It is important to understand these
transmission manners for effective management and
prevention of the infection.

The present review addresses the gastrointestinal
manifestations of COVID-19. To conduct this review,
databases (Google Scholar, PubMed, and Clinical Trials)
were searched from January 1, 2020, to June 30, 2023,
using search terms related to the effects of COVID-19 on
the Gl tract. Titles and abstracts were assessed for initial
selection, followed by reading the full text. Reference lists
of full-text articles were assessed to identify any other
relevant studies.

SARS-Cov-2 RNA is found in stool samples of COVID-
19 patients.

Regarding the detection of SARS-CoV-2 RNA in stool
samples, the first confirmed COVID-19 case in the United
States exhibited gastrointestinal symptoms (Wen et al.
2020). Real-time RT-PCR analysis was performed on
stool samples, respiratory specimens (nasopharyngeal
and oropharyngeal), and serum. SARS-CoV-2 RNA was
detected in respiratory specimens (on illness days 4 and
7) and stool (on iliness day 7) samples (Wen et al. 2020).
The viral RNA was present in patients with and without
diarrhoea (Cheung et al. 2020). In research involving
patients examined for SARS-CoV-2 via rectal swab or
stool PCR, 89% vyielded positive analysis, despite 82.6%
not displaying gastrointestinal symptoms (Yao et al.
2020). This observation aligns with another study, where
15.3% of COVID-19 cases had SARS-CoV-2 RNA found
in stool samples at the time of the disease, irrespective of
Gl symptoms.

Although viral genetic material is not detectable in
oral swabs, it was identified in blood or anal (Zhang et al.
2020). This continual positive detection of SARS-CoV-2
RNA in faeces suggested the release of viral particles
from virus-infected cells in the Gl tract. For example, in a
study involving 73 COVID-19 patients in China, 39
patients (53.42%) exhibited SARS-CoV-2 RNA in stool,
and among them, 17 cases (23.29%) still positive for

SARS-CoV-2 RNA in stool for a period range from 1 to 12
days, even though respiratory samples tested negative
(Xiao et al. 2020). A case study from an asymptomatic
child in China reported that the viral RNA was detected
for 26 days despite persistently negative respiratory
specimens (Tang et al. 2020).

Altogether, these findings indicate that relying solely
on conventional testing- utilizihng RT-PCR of
nasopharyngeal swabs- is not enough to determine the
clearance or presence of the viral RNA. Crucially,
molecular investigation of Covid patients from Wuhan
found the presence of viral RNA in anal swabs and blood,
with more anal swab positives than oral swab positives in
a later stage of the disease. This suggests the potential
transition from initially testing positive in oral samples
during early infection to later testing positive in anal swabs
(Zhang et al. 2020). The viral RNA is present in faeces,
which raises the risk of faecal-oral transmission,
particularly in asymptomatic people. Because of this
concern, sewage, and wastewater were investigated to
seek for the SARS-CoV-2 virus, evaluate the role of
faecal-oral transmission in the community, and discover
mitigating methods (Randazzo et al. 2020).

Individuals with COVID-19 can have SARS-CoV-2 in
their intestines at early or advanced stages of the illness.
In contrast, intestinal infections tend to be identified during
the later stages for those infected with SARS-CoV and
MERS-CoV (Liya et al. 2020). The discrepancy may be
due to the cycle threshold (CT) level, where a lower CT
level denotes a more enormous viral load, and a CT level
below 40 is regarded as positive for SARS-CoV-2 RNA.
For SARS-CoV-2 RNA, it has been showed that sputum
(31.1), faeces (31.4), and pharyngeal (32.1) swabs had
comparable mean CTs, while nasal swabs had the lowest
mean CT at 24.3 (Wang et al. 2020).

Despite initially moderate symptoms at presentation
in the first COVID-19 case in the US, oropharyngeal and
nasopharyngeal specimens collected on day 4 of iliness
exhibited CT values of 21-22 and 18-20, respectively. By
the seventh day of the illness, the CT level for
nasopharyngeal specimens had grown to 23-24, while
the CT levels for stool specimens ranged from 36—38. On
days 12 and 11 of the illness, a trend toward diminishing
viral levels was seen for oropharyngeal and
nasopharyngeal tissues (Holshue et al. 2020). Moreover,
a study revealed that SARS-CoV-2 RNA was positive in
48.1% of these samples, 70.3% persistently found in stool
samples for an extended duration, spanning up to =33
days from illness onset. This contrasted with respiratory
samples (Cheung et al. 2020). Therefore, the trend of CT
values over the illness course and prolonged shedding of
SARS-CoV-2 may reflect the transition from testing
positive orally to testing positive anally.

Gastrointestinal symptoms in COVID-19 patients.
Typical manifestations of COVID-19 patients usually
involve fever and respiratory problems. Nevertheless, Gl
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problems like diarrhoea, vomiting, and abdominal pain are
commonly observed in those affected by the disease
(Holshue et al. 2020). Individuals, whether adults or
children, who test positive for COVID-19 can exhibit Gl
symptoms early in the disease course, emphasizing the
importance of recognizing these manifestations. In a
meta-analysis involving over 4,000 individuals who tested
positive for COVID-19 across 60 researches in six
countries [China (n = 53), Singapore (n = 2), South Korea
(n=2), United States (n = 1), Vietnam (n = 1), and United
Kingdom (n=1)], collective occurrence of Gl tract
symptoms were calculated to be 17.6% (Cheung et al.
2020). When examining specific GI symptoms, findings
from 18 studies indicated the following prevalence rates:
diarrhoea (12.5%), nausea/vomiting (10.2%), reduced
appetite (26.8%), and abdominal pain (9.2%) (Cheung,
Hung et al. 2020). This observation aligns with meta-
analysis in adult COVID-19 cases, identifying a
gastrointestinal symptom prevalence of 18% (Cheung et
al. 2020, Akobeng et al. 2021).

A study conducted in Hubei province, China, involved
204 hospitalized individuals due to confirmed COVID-19.
The study found that 103 patients (50.5%) experienced at
least one Gl symptom, such as vomiting (3.9%), diarrhoea
(34%), and abdominal pain (1.9%) [30]. In another study
conducted in Hong Kong with 59 confirmed COVID-19
patients, 15 individuals (25.4%) displayed gastrointestinal
symptoms, such as diarrhoea (22%), vomiting (1.7%),
and abdominal pain (11.9%). It was also observed that 9
patients (15.3%) had detectable viral RNA in stool
samples (Cheung et al. 2020). Other research found
varying frequencies of diarrhoea (2.0% -10.1%) and
nausea and/or vomiting (1.0% -10.1%) (Liu et al. 2020,
Sultan et al. 2020).

Children who test positive for COVID-19 may
experience Gl symptoms, although these symptoms tend
to be less severe than those experienced by adults
(Mantovani et al. 2021). According to research, around
25% of children who test positive for COVID-19 have at
least one Gl tract symptom, with diarrhoea being the most
prevalent, followed by vomiting and abdominal pain
(Akobeng et al. 2021). In 280 children who tested positive
for COVID-19, a meta-analysis found that the incidence
of Gl tract symptoms overall was 22.8%, with diarrhoea,
vomiting, and stomach pain having a combined
prevalence of 12.4%, 10.3%, and 5.4%, respectively
(Akobeng et al. 2021).

On the other hand, another meta-analysis of 2855
children showed a 4% prevalence of diarrhoea and no
reported cases of abdominal pain (Mantovani, Rinaldi et
al. 2021).

While the precise causes are yet unknown, acts on
the gut and central nervous system (CNS) may work in
concert to cause nausea and vomiting (Zhou et al. 2020).
SARS-CoV-2 can access portal circulation after entering
the Gl tract and influence the vagus nerve via vascular or
lymphatic pathways. Additionally, cytokine storms and the

cytopathic effect of SARS-CoV-2 might excite central and
peripheral (autonomic nervous system) pathways,
resulting in nausea (with or without vomiting). When
neuronal circuits are activated, stomach dysrhythmia may
develop, which can cause vomiting (Chen et al. 2020).
Also, COVID-19 patients commonly utilize antibiotics and
antiviral medications, worsening their symptoms (Ye et al.
2021).

Several confounding factors, such as the use of
enteral nutrition (tube feeds), antibiotics, antivirals,
altered gut flora, hyperinflammatory response, secondary
bacterial infections, and use of proton pump inhibitors
(PPI), may cause diarrhoea in hospitalized COVID-19
patients (An, Song et al. 2021). It is unknown what exactly
causes abdominal pain. Viral sickness during the
prodromal can result in momentary stomach cramps and
pain. Additionally, nausea with or without vomiting and
other Gl anorexia symptoms might coexist with abdominal
pain. SARS-CoV-2 can cause cytopathic/inflammatory
alterations after entering the Gl tract, which may result in
visceral pain. Due to the peritoneum's involvement,
whether this discomfort is somatic or referred is unknown.
Patients with COVID-19 have also experienced sporadic
complaints of pancreatitis (Aloysius et al. 2020).
Additionally, it has been discovered that the pancreatic
tissue has significant levels of ACE-2 receptor
expression, making it vulnerable to its cytopathic effects.
It could result in fatty acid oxidation and pancreatic lipase
leakage. Only a few postmortem findings of COVID-19
individuals without clinically apparent acute pancreatitis
have persistent pancreatic damage (EI-Kurdi et al. 2020).
Hyperlipidaemia has been identified in these patients in
several research fields (Barlass et al. 2020, McNabb-
Baltar et al. 2020). Uncertainty exists regarding the cause
of low levels of increased lipase, which could be viral
pancreatic inflammation or gastroenteritis (Aloysius et al.
2020, McNabb-Baltar et al. 2020).

Some  patients  experienced  gastrointestinal
symptoms, liver damage, pancreatic damage, and acute
mesenteric ischemia/thrombosis.

Acute mesenteric ischemia or thrombosis.

Nearly half of COVID-19 patients with bowel ischemia
displayed macrovascular arterial/venous thrombosis.
Retrospective mortality rates were 40% and 38.7%,
respectively, for COVID-19 cases with radiologically
apparent mesenteric thrombotic occlusion and ischemia
in the gastrointestinal tract (Keshavarz et al. 2021).
Thromboembolic complications in COVID-19 are a
significant concern, given that coagulation dysfunction is
a major contributor to the mortality of severe COVID-19
cases. It is essential for clinicians managing individuals
with confirmed or suspected SARS-CoV-2 infection to
closely monitor potential late complications, as delayed
diagnosis could escalate morbidity and mortality risks
(Cheung et al. 2020). Severe COVID-19 pneumonia
cases that developed ischemic colitis were due to
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hypercoagulability, coagulopathy that led to
thromboembolic consequences, and the use of
vasopressors in critically ill patients with hemodynamic
compromise (Paul et al. 2021).

Notably, a man in his twenties who worked as a
construction worker experienced left-sided colicky
abdomen pain but no severe respiratory symptoms
(Thuluva, Zhu et al. 2020). Retrospective cross-sectional
research identified bowel-wall changes in CT scans of
31% of COVID-19 ICU patients, including bowel wall
thickening and pneumatosis, suggesting late ischemia
primarily caused by small-vessel arterial thrombosis
(Bhayana, Som et al. 2020). Therefore, prompt
assessment of abdominal vessels in COVID-19 cases
with abdominal manifestations, mainly those with raised
D-dimer levels, is crucial. Low-molecular-weight heparin
early thrombosis therapy may substantially impact how
well a patient responds to treatment. Researching
alternative therapies, such as interleukin (IL)-1 receptor
antagonists and anticomplementary medications, is
necessary in addition to anticoagulants. Additionally,
ongoing studies should result in the development of novel
drugs based on a more profound comprehension of
pathogenetic pathways ( Manolis et al. 2021).

Liver injury.

Besides Gl symptoms like diarrhoea, nausea, and
vomiting, many COVID-19 patients exhibited liver
damage (Wang et al. 2020). COVID-19 can cause liver
damage through viral infection, drug-induced damage,
cytokine storm inflammation, or pneumonia hypoxia.
COVID-19, (Zhang et al. 2020). Most cases presented
slightly raised values of alanine aminotransferase (ALT),
aspartate aminotransferase (AST), and lactate
dehydrogenase (LDH) (Liu et al. 2020 and Pan et al.
2020). A study of 56 COVID-19 patients mentioned that
54% had elevated gamma-glutamyl transferase (yGT)
(Zhang et al. 2020). (Pan et al. 2020) noted varying
degrees of liver insufficiency in 43% of patients with
elevated ALT and AST values, and 18% had elevated
total bilirubin (TBIl). (Sultan et al. 2020) reviewed thirty-
four researches, finding abnormal AST in 15.0% of
patients, abnormal ALT in 15.0%, and abnormal TBIl in
16.7% of patients. In a review of 14 types of research,
approximately 24%, 25%, and 13% of cases exhibited
elevated ALT, AST, and TBIl levels, respectively (Dong,
Xiang et al. 2021). Pooled results from 12 studies
involving 1878 patients showed that 27.4% had abnormal
liver function, with 25.3% having high ALT, 25.4% high
AST, and 8.8% high TBil (Wan, Wang et al. 2020).
Systemic reviews highlighted that 6.1% and 21.1% of
COVID-19 patients had elevated cholestatic liver
enzymes, alkaline phosphatase (ALP), and yGT,
respectively (Liu et al. 2021). A cohort study found that 23
out of 1099 individuals had hepatitis B that had already
been present (Guan et al. 2020).

Different researchers found varying prevalence of

hepatic damage in COVID-19, ranging from 15% to 78%
(Kunutsor and Laukkanen 2020, Goel, Harmouch et al.
2021, Zarifian et al. 2021, Du et al. 2022). A meta-analysis
showed that 4.6% of COVID-19 patients had a mild
increase in ALP, 20.6% had a mild increase in ALT, and
22.8% had a mild increase in AST. Additionally, serum
bilirubin was mildly reduced in 39.8% of patients (Zarifian
et al. 2021). Studies have reported an association
between abnormal liver function and disease severity or
outcomes, emphasizing that liver injury correlated with a
higher risk of admission, intensive care unit (ICU)
admission, and/or mortality (Chen et al. 2020, Lin et al.
2020, Zhou et al. 2020). Given this relationship,
measuring liver biochemical parameters can aid clinicians
in assessing the prognosis of COVID-19 patients (Ye et
al. 2021). Research revealed that many discharged
COVID-19 cases still had abnormal liver function tests
after a 2-month follow-up, especially those with liver
illnesses like fatty liver, who were vulnerable to progress
to a severe status (Song et al. 2021).

The liver injury mechanism is intricate and includes
direct cytotoxicity from active SARS-CoV-2 viral
replication, immune-mediated liver destruction caused by
a severe inflammatory reaction, vascular alteration from
coagulopathy, endothelin from right-sided heart failure,
hypoxic alteration from drug-induced liver damage,
respiratory loss, and worsening of underlying hepatic
illness (Wan et al. 2020). Further research is needed to
answer critical questions, such as the specific molecular
processes dysregulated by infection and primary
factors—hypoxia, direct cytopathic actions, or cytokine
storm—in liver injury.

Pancreatic damage.

Research showed that the SARS-CoV-2 virus
receptor, ACEZ2, is present in the pancreas (Fignani et al.
2020 and, Liu et al. 2020). However, studying the scope
and specificity of pancreatic damage caused by COVID-
19 received little attention (Liu et al. 2020). Fortunately,
an increasing number of research have shed light on
pancreatic damage in individuals with COVID-19,
capturing the attention of researchers and clinicians
(Aloysius et al. 2020, Hadi et al. 2020, Kumaran et al.
2020, Suchman et al. 2021). Clinical data has illustrated
that pancreatic injury was present in 17% of severe and
1%-2% of non-severe COVID-19 cases (Liu et al. 2020).
SARS-CoV-2-induced pancreatic damage could worsen
the clinical condition of patients, potentially increasing
mortality rates (Akarsu et al. 2022). High ACE2
expression has been found in  pancreatic
microvasculature's pericytes and insulin-forming B-cells
(Fignani et al. 2020). SARS-CoV-2 infection, particularly
in diabetic patients, leads, in some cases, to pancreatic
injuries or acute pancreatitis. Therefore, it is
recommended that COVID-19 cases, particularly those
with pre-existing diabetes, monitor their pancreatic
enzyme levels (Fignani et al. 2020). Aloysius et al.
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reported acute pancreatitis associated with SARS-CoV-2
patients, emphasizing the importance of testing serum
amylase and lipase enzyme levels in all COVID-19
patients, including those without symptoms (Aloysius et
al. 2020). However, other data found no correlation
between serum amylase or lipase levels and the severity
or mortality of COVID-19. They observed
hyperamylasaemia in 33% of patients and elevated lipase
in 24.1% of patients with COVID-19 (Bansal et al. 2020).
Furthermore, Children with COVID-19 may develop
pancreatitis (Suchman et al. 2021). Further research is
needed to determine if raised amylase and lipase values
are linked to a severe form of this viral infection.

Pathogenesis of COVID-19.

Gastrointestinal symptoms are frequently observed
after contracting COVID-19, and this occurrence appears
to be linked to various factors. These include the ACE-2
human host receptor @, the composition of the intestine's
microflora, the administration of antibiotics and antiviral
drugs @, and the inflammatory response—directly or
indirectly caused by the damage inflicted by SARS-CoV-
2 on the Gl tract (Wang et al. 2020) (Figure 1).

Direct viral invasion into GI cells
(direct cytotoxic damage)

Dysregulation of ACE2
in the GI tract

GI injuries induced by SARS-
CoV-2 virus

Inflammatory responses in GI Gut dysbiosis caused

by microbiota

cells (cytokine storm)

Figure 1. Possibility of a Gl tract manifestation
following SARS-CoV-2 infection. ACE2: Angiotensin-
converting enzyme 2; GIl: Gastrointestinal; SARS-
CoV-2: Severe acute respiratory syndrome
coronavirus-2

Direct invasion into Gl tract cells.

First, the spike protein of SARS-CoV-2 combines with
the ACE-2 receptor on the surface of host cells to enter
host cells (Thye et al. 2021). In Type I, alveolar cells are
in the lungs, and goblet cells are in the nasal mucosa
(Thye et al. 2021). ACE-2 is excessively expressed in
duodenal, gastric, and rectal epithelium glandular cells.
Notably, the distribution of ACE-2 varies significantly
throughout the Gl tract, with infrequent ACE-2 staining in
oesophageal mucosa, potentially due to lower expression

in squamous epithelial cells compared to glandular
epithelial cells (Xiao et al. 2020). Another study identified
differentiated small intestine epithelial cells' luminal
surfaces as the main location of ACE-2 expression, with
lower levels in crypt cells and the colon (Hashimoto et al.
2012). Considering that SARS-CoV-2's infectivity hinges
on ACE-2 receptor binding affinity, the abundance of
these receptors suggests the potential for virus infection
and replication within the GI tract (Wong et al. 2020)
(Figure 2).

SARS-CoV-2 S protein
A

__Membrane
fusion

AN
Airway cell g/ =
—— Receptor

—

//%/ TMPRSS2
- Activation of S protein by proteolytic cleavage

Infection

Figure 2: Viral entry dynamics into human cells. The
type Il transmembrane serine protease (TMPRSS2)
attaches to and cleaves the ACE 2 receptor while
spiking proteins on the surface of the SARS-CoV-2
bind to ACE 2 receptors on the target cell's surface.
Spike protein is consequently activated. C-cleaved
ACE 2 and activated spike protein facilitate viral
entrance, which causes infection(Hunt, East et al.
2021).

Moreover, ACE-2 plays a role in modulating intestinal
inflammation, raising the possibility that ACE-2 function
disruption by SARS-CoV-2 could lead to diarrhoea
(Cheung et al. 2020). ACE-2 regulates intestinal amino
acid balance, influences antimicrobial peptide expression,
and is linked to Gl tract microbial ecology (Hashimoto et
al. 2012). Inadequate quantities of amino acids cause
diarrhoea and intestinal irritation. There has been
suspicion that COVID-19 and the gut microbiota may be
related due to ACE-2 mutants' lower expression of
antimicrobial peptides and changes in gut microbial
components (Gao et al. 2020).

Dysregulation of ACE2 in the intestinal epithelium.
The virus binds to ACEZ2, reducing its levels and
affecting intestinal functions (Vaduganathan et al. 2020).
The dysregulation of sodium-dependent glucose
transporter (SGLT) in intestinal epithelium mediated by
ACE?2 is potentially linked to increased mortality in
COVID-19 cases with diabetes mellitus (Kumar et al.
2020). Additionally, although the direct cytotoxic damage
caused by SARS-CoV-2 in the liver is unknown, ACE2's
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function in regulating the renin-angiotensin-aldosterone
pathway may be essential in developing chronic liver
disorders (Galanopoulos et al. 2020). Additionally, ACE2
regulates amino acid transport, particularly tryptophan, to
keep the balance of amino acids in the intestine without
the assistance of the renin-angiotensin-aldosterone
system (Galanopoulos et al. 2020 and Zhong et al. 2020).
Consequently, SARS-CoV-2 directly infiltrates the Gl tract
by binding to ACE2 or CD147, replicating in host cells and
influencing pertinent signaling pathways, ultimately
leading to gastrointestinal dysfunction.

Inflammatory responses in Gl tract cells

SARS-CoV-2 can indirectly or directly damage the Gl
tract through inflammatory reactions. Infections caused
by SARS-CoV-2 can incite an “inflammatory storm,"
wherein hyperactive cytokines, inflammatory responses,
and immune imbalances damage the intestines,
potentially leading to diarrhoea (Wu et al. 2020). The
growing body of evidence demonstrating SARS-CoV-2
RNA presence in stool samples of COVID-19 cases may
indicate that the virus directly harms the intestinal
mucosa, triggering digestive symptoms like diarrhoea.

SARS-CoV-2 enters mucous membranes (oral cavity,
nose) via the functional receptor ACE-2 (Aziz et al. 2020).
Although it can enter the gastric lumen by salivary
secretions, it is vulnerable to side effects of the stomach's
acidic environment. Virus survival is strongly impacted by
a pH of 2 (Ramachandran et al. 2022). Patients with
hypochlorhydria are more likely to contract a virus
because a more enormous viral load enters the small
intestine (Dibner 2021). Varied Gl tract tissues have
varied concentrations of ACE-2 receptors, with ileal
enterocytes having the highest expression (Zhang et al.
2020). SARS-CoV-2 can continue its viral production and
multiplication once it enters enterocytes, resulting in a
cytopathic effect (as shown by the intracellular staining of
the viral nucleocapsid) (Xiao et al. 2020). Through the
portal circulation, the virus can travel to other organs from
this point. These modifications might lead to the presence
of viral RNA in the faeces. It must be determined whether
viral RNA in faeces indicates cytopathic changes or is
only an incidental finding.

Gut dysbiosis caused by microbiota.

The human gut harbours an extensive and diverse
population of gut microbiota. For instance, the colon hosts
the highest microbial abundance among gastrointestinal
sites, constituting about 33% of the total bacterial cells in
the human body (Dibner 2021). The Gl tract microbiota
performs crucial functions, such as supporting the host's
metabolism, safeguarding the host against harmful
pathogens by colonizing the habitat, inducing
immunoregulatory responses, and orchestrating the
development and maturation of the body's immune
system (Barlass et al. 2020).

Changes in gut flora can be attributed to factors like

disease, concurrent infections, the utilization of
antimicrobial agents, and elevated proinflammatory
mediators due to viral-induced inflammation (Mitsuyama
et al. 2020). Disruptions in the flora of the respiratory tract
might affect the GI tract through immune control, and
changes in the functions and compositions of the Gl tract
microbiota may impact the respiratory tract via the typical
mucosal immune system. The gut-lung axis effect is the
name for this reciprocal phenomenon that likely
elucidates the onset of digestive symptoms following
COVID-19 infection (Barlass et al. 2020).

Research indicates that COVID-19 infection can alter
the gut microbiome, leading to an increase in harmful
bacteria and imbalance (Segal et al. 2020, Shinu et al.
2020, Penninger et al. 2021). There are five possible
reasons why Gl tract flora is altered in COVID-19 cases.
First, the viral infection causing increased production of
proinflammatory cytokines may change the flora in the gut
(Xiao et al. 2020). This is supported by the research
indicating that inflammatory markers and cytokines were
elevated in SARS-CoV-2 patients (Ramachandran,
Gajendran et al. 2022). Second, different antimicrobial
drugs (antibiotics, antivirals) can alter the composition of
the gut flora, making people more susceptible to Gl tract
adverse effects (Wei et al. 2020). Thirdly, since COVID-
19 individuals frequently present with respiratory
symptoms, changes in lung flora may also affect gut flora
(Dhar and Mohanty 2020). Growing evidence points to
this "gut-lung" axis as a potential contributor to Gl tract
symptoms in people with respiratory signs (Dhar and
Mohanty 2020). The fourth factor is that flora changes can
affect the percentage of harmful organisms that cause
diseases like Clostridium difficile (Sandhu et al. 2020).
Fifth, using enteral nourishment, such as tube feedings,
can alter the gut flora. Due to a lack of data on whether
any of the mechanisms individually or collectively
contribute to the start of Gl tract symptoms in COVID-19
patients, they are all only theorized.

Tryptophan absorption is linked to neurological
irregularities, as it serves as a precursor for synthesizing
5-hydroxytryptophan (5HT) in the brain (Shinu et al.
2020). Tryptophan also regulates antimicrobial peptide
values that impact gut microbiota composition, making
individuals more susceptible to intestinal inflammation
and epithelial malfunction (Mitsuyama et al. 2020).
Consequently, this viral infection disrupts the equilibrium
of the gut-brain axis via alterations in intestinal microbiota
(Shinu et al. 2020). Nevertheless, more research is
necessary to determine whether this dysbiosis is specific
to SARS-CoV-2 infection or a result of severe illness.

Probiotics are being considered as a new therapy or
addition to treatment for severe COVID-19 infections.
China's National Health Commission and National
Administration of Traditional Chinese Medicine have
recommended using probiotics to manage the virus, as
stated in their guidance (version 5) (Mak et al. 2020). This
recommendation maintains the balance of intestinal
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microecology and inhibits secondary bacterial infections.
The fact that healthcare professionals and the Chinese
government trust this approach highlights gut microbiota's
critical role in COVID-19 infections (Gao et al. 2020).

Gl tract conditions increasing the risk of COVID-19.

The impact of SARS-CoV-2 on chronic liver diseases
is still being investigated. According to Guan et al. (2020)
those with pre-existing hepatitis B may experience a
severe form of COVID-19, highlighting the importance of
further research into the replication of SARS-CoV-2 and
its potential to cause persistent liver damage in patients
with chronic HBV infection (Guan et al. 2020).
Additionally, it is crucial to conduct screenings for SARS-
CoV-2 and/or active COVID-19 in potential hepatic donors
before transplantation to prevent transmitting the virus to
the recipient. Early research indicates that individuals with
cancer or liver cirrhosis are more vulnerable to SARS-
CoV-2, likely due to compromised immune status (Mao et
al. 2020, Zhang et al. 2020).

Lack of information makes it difficult to say whether
the processes alone or in combination cause the onset of
Gl tract symptoms in COVID-19 patients. Patients with
pre-existing Gl issues like inflammatory bowel disease
(IBD), malabsorption syndromes, etc., contracting SARS-
CoV-2 are at risk of developing severe Gl tract symptoms
(Thabane and Marshall 2009, Garg et al. 2020). Although
the gut flora of these populations has permanently
changed, IBD and inflammatory conditions have higher
levels of ACE-2 expression (Garg et al. 2020). Individuals
with COVID-19 who experience ongoing diarrhoea have
been found to have higher levels of faecal calprotectin, a
sign of intestinal inflammation (Effenberger et al. 2020). It
is crucial to investigate whether these individuals'
symptoms could worsen due to this enhanced expression.
Further research is needed to fully understand the effects
of SARS-CoV-2-induced liver injury. Information on other
chronic liver ilinesses, such as non-alcoholic fatty liver
disorder, alcohol-related liver disorder, and autoimmune
hepatitis, is scant. Investigating the severity and
frequency of these patients' consequences, such as
secondary infections, hepatic encephalopathy, and liver
failure, is also crucial (Galanopoulos et al. 2020).

Long-lasting COVID-19 and the Gl tract.

Long-lasting COVID-19 syndrome, also known as
post-COVID syndrome, is more than just fatigue and
shortness of breath. Symptoms such as headaches, brain
fog, and ringing in the ears have been reported, and
recently, more patients have complained of
gastrointestinal symptoms. Among 147 patients with no
previous gastrointestinal problems, 16% reported new
gastrointestinal symptoms about 100 days after COVID-
19 infection. The most common symptoms included
abdominal pain: 7.5%, Constipation: 6.8%, and diarrhoea
and vomiting: 4.1% (Blackett et al. 2022). In another
review of post-acute COVID-19 symptoms, diarrhoea

ranked among the top 10 complaints, affecting about 6%
of individuals. Persistent symptoms include vomiting,
nausea, reduced appetite, and abdominal pain (Aiyegbusi
et al. 2021).

Similarly, researchers found that long-term COVID-19
patients had conditions known as gut-brain interaction
disorders. Symptoms include heartburn, difficulty
swallowing, irritable bowel syndrome, constipation,
diarrhoea, bloating, and incontinence (Ebrahim et al.
2022). These enduring manifestations might be attributed
to the continued replication of the virus in the Gl tract,
given the prolonged presence of SARS-CoV-2 in faecal
samples even after respiratory tests turn negative (Xiao
et al. 2020and Xu et al. 2020). COVID-19 also disrupts
the gut microbiome, although its implications for long-term
symptoms need further investigation (Donati et al. 2020).
Twenty-eight publications, comprising case reports and
case series, were chosen for a comprehensive review of
gualitative information concerning gastrointestinal issues
linked to COVID-19 (Silva-Neto et al. 2021). The research
findings covered a range of complications such as
haemorrhagic, thrombotic, ischemic, perforation issues,
acute pancreatitis, and pneumatosis intestinalis (Barrett
et al. 2020, Gadiparth et al. 2020, Hadi et al. 2020, Karki
et al. 2020, Kumaran et al. 2020, Liu et al. 2020, Martin et
al. 2020, Meini et al. 2020, Melazzini et al. 2020, Nahas
et al. 2020, Rodriguez et al. 2020, Schepis, et al. 2020,
Wang, Zheng et al. 2020, Mauro, De Grazia et al. 2021).

In a prospective, multi-centre study, Marasco et al.
examined the prevalence of gut symptoms and post-
COVID-19 disorders of gut-brain interaction after
hospitalization to evaluate the effect of COVID-19 on the
Gl tract. The study involved 614 patients with COVID-19
and 269 control participants without COVID-19
diagnoses. Researchers assessed patients at the time of
hospital admission and following hospitalization at 1, 6,
and 12 months. Compared with the control group, COVID-
19 patients showed a higher prevalence of GI symptoms
(59.3% vs 39.7%). Patients with COVID-19 also showed
higher rates of irritable bowel syndrome (IBS) according
to Rome IV criteria: 0.5% versus 3.2%) (Marasco,
Cremon et al. 2022). The pathophysiology of post-
COVID-19 IBS is incompletely understood and most likely
caused by several factors. Enterocyte invasion by the
COVID-19 virus leads to a series of inflammatory
responses, leading to intestinal dysbiosis. Also, the high
risk of post-COVID-19 diabetes can lead to GI dysmotility.
Altered visceral hypersensitivity and autonomic
dysfunction also play an important role in post-COVID-19
Gl dysfunction, which can lead to a variety of symptoms.

potential contributor to Gl tract bleeding is
coagulopathy, a common condition in COVID-19 patients
due to the hypercoagulable state linked to the disease's
pathophysiology. Consequently, the treatment approach
involves administering preventive anticoagulation,
potentially heightening the risk of Gl tract bleeding
associated with the disease. Indications of typical
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thromboembolic occurrences in COVID-19 may arise
from the viral infiltration into endothelial cells. This
infiltration triggers an immune response and lymphocytic
infiltration, culminating in conditions like leukocytoclastic
vasculitis and heightened growth of small blood vessels
with thickening and narrowing. These vascular changes
could potentially cause organ damage.

CONCLUSION.

COVID-19 patients with gastrointestinal symptoms
often experience delayed diagnosis and treatment,
making it necessary to examine stool samples in addition
to respiratory samples. Public education programs on the
gastrointestinal symptoms of COVID-19 are crucial for
early detection and intervention. Future research should
focus on ACE2 and abnormal immune responses and the
relationship  between  COVID-19 and  chronic
gastrointestinal disorder.
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