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Background: Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2)
is the causative agent of the novel coronavirus disease (COVID-19) pandemic,
which has caused serious challenges for public health systems worldwide.

Literature review: SARS-CoV-2 invades not only the respiratory system, but also
the digestive system, causing a variety of gastrointestinal diseases.

Significance: Understanding the gastrointestinal diseases caused by SARS-CoV-2,
and the damage mechanisms of SARS-CoV-2 to the gastrointestinal tracts and
gastrointestinal glands are crucial to treating the gastrointestinal diseases caused
by SARS-CoV-2.

Conclusion: This review summarizes the gastrointestinal diseases caused by
SARS-CoV-2, including gastrointestinal inflammatory disorders, gastrointestinal
ulcer diseases, gastrointestinal bleeding, and gastrointestinal thrombotic diseases,
etc. Furthermore, the mechanisms of gastrointestinal injury induced by SARS-
COV-2 were analyzed and summarized, and the suggestions for drug prevention
and treatment were put forward for the reference of clinical workers.

SARS-CoV-2, gastrointestinal diseases, mechanism, treatment, gastrointestinal

1. Introduction

Novel coronavirus disease 2019 (COVID-19), an acute respiratory infectious disease caused
by severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), has become a global and
high incidence respiratory disease, with the most common clinical manifestation of pulmonary
infection. However, some studies have shown that the stool samples of COVID-19 patients
showed persistent positivity for SARS-CoV-2, and the duration was longer than that of
respiratory samples, suggesting that SARS-CoV-2 may spread the infection between the
gastrointestinal tract (van Doorn et al., 2020). Some patients had gastrointestinal symptoms,
such as nausea, vomiting, and diarrhea (Zeng et al., 2022), but none of them had the imaging
features of COVID-19. In severe cases, diseases, such as gastric ulcer, colitis, intestinal
obstruction, and intestinal ischemia, were also present. In addition, with the emergence of
different variants of SARS-CoV-2, the gastrointestinal symptoms of COVID-19 patients become
more and more common, and some gastrointestinal symptoms are combined with or prior to
the onset of respiratory symptoms, and COVID-19 patients with gastrointestinal symptoms are
more likely to develop acute respiratory distress syndrome and liver damage, and have a poor
prognosis (Ye Q. et al., 2020; Chen et al., 2022). If the gastrointestinal diseases caused by SARS-
CoV-2 are not properly recognized, and the best treatment opportunity is missed, the patient’s
risk of death may increase. Therefore, it is of great significance to understand the gastrointestinal
diseases caused by SARS-CoV-2 and the damage mechanisms of SARS-CoV-2 to the
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gastrointestinal tract and gastrointestinal glands for treating
gastrointestinal infections caused by SARS-CoV-2. This review mainly
summarizes a variety of gastrointestinal diseases caused by SARS-
CoV-2, and discusses possible prevention and treatment programs
based on the SARS-CoV-2 pathogenesis. It is hoped that this review
can provide a reference for clinical workers to diagnose the patients
with SARS-CoV-2-related gastrointestinal diseases during the
COVID-19 pandemic, and also provide ideas for the prevention and
treatment of gastrointestinal disorders in patients diagnosed and
cured of COVID-19, so as to further reduce the risk of SARS-CoV-2
infection and the mortality rate of COVID-19 patients.

2. Gastrointestinal diseases caused by
SARS-CoV-2 infection

After SARS-CoV-2 infection, in addition to a series of respiratory
diseases, gastrointestinal symptoms are becoming more and more
common, and are related to the severity of the patient’s condition.
Some studies have calculated the probability of various gastrointestinal
symptoms during the COVID-19 pandemic, and found that the
detection rate of some gastrointestinal diseases was increased. The
following is a brief description of the gastrointestinal diseases caused
by SARS-CoV-2 (Table 1).

Table 1 is cited from Alberca et al. (2021) and Marasco et al. (2021).

2.1. Gastrointestinal inflammatory lesions

The binding of spike protein (S Pro) to angiotensin-converting
enzyme 2 (ACE2) is the first step for SARS-CoV-2 to enter cells. ACE2
is not only widely distributed in alveolar cells, but also gastrointestinal
ACE2 has
pro-inflammatory effects, which can cause various gastrointestinal

epithelial ~ cells. strong  vasoconstrictive and
inflammatory diseases in COVID-19 patients, such as erosive gastritis
and hemorrhagic gastritis, leading to gastrointestinal bleeding.
Gastrointestinal symptoms in patients with COVID-19 mainly include
diarrhea, abdominal pain, nausea, and vomiting; A study by Zeng
et al. (2022) showed that the severe disease rate of patients with
gastrointestinal symptoms of COVID-19 was more than 40%.
Abdominal pain was associated with a 2.8-fold increased risk of severe
COVID-19 infection and may be used as clinical predictor of severe
COVID-19; the relationship between diarrhea and the severity of
COVID-19 was regionally different; nausea and vomiting were limited
in their association with severe COVID-19. Massironi et al. (2020)
collected statistics from 38 COVID-19 patients undergoing

gastrointestinal endoscopy. Among the 38 patients, 37 required

TABLE 1 Gastrointestinal diseases caused by SARS-CoV-2 infection.
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hospitalization. Eight patients were admitted to an intensive care unit.
Most of the patients had lesions, including duodenal ulcer in 5 cases
and erosive gastritis in 4 cases. The main findings during colonoscopy
included segmental colitis associated with diverticulosis in 5 cases,
histologically confirmed colon ischemia in 4, diffuse hemorrhagic
colitis in 1. Another follow-up study showed that 11 COVID-19
patients with gastrointestinal symptoms all had an initial symptom of
gastritis, including intestinal mucosal inflammation in 8 cases,
intestinal ulcers or erosion in 2 cases, and colonic mucositis
inflammation in 2 cases, and some patients still presented with the
gastrointestinal symptoms and intestinal damage 6 months after
discharge (Xie et al., 2022). In addition, multiple COVID-19 patients
have been diagnosed with colitis, including segmental colitis,
hemorrhagic ulcerative colitis, and ischemic colitis (Massironi et al.,
2020). Vanella et al. (2021) performed endoscopy on 106 patients with
COVID-19 (33% admitted to the intensive care unit; 44.4% reported
gastrointestinal symptoms). The most prevalent upper gastrointestinal
(25.3%),
gastroduodenopathy (16.1%), and petechial/hemorrhagic gastropathy

abnormalities ~ were  ulcers erosive/ulcerative
(9.2%). In the lower gastrointestinal endoscopy, 33.3% showed
ischemic colitis. The first report on hemorrhagic colitis caused by
SARS-CoV-2 gastrointestinal infection originated from a 71-year-old
woman who developed hemorrhagic colitis without any respiratory
symptoms. She was diagnosed with SARS-CoV-2 infection after
detection (Carvalho et al, 2020), which was thought to be a
gastrointestinal complication caused by SARS-CoV-2 infection. In
addition, Imperatore et al. (2021) reported a case of COVID-19
patient without a history of gastrointestinal disease before illness, who
presented with bloody diarrhea at a visit 1 month after illness and was
subsequently diagnosed with ulcerative colitis (UC). Another study
has found that a COVID-19 patient showed UC symptoms in the
colon and ileum after SARS-CoV-2 turned negative, which can
literally reflect the reason why some infected patients still showed
positive stool of SARS-CoV-2 after turning negative (Calabrese et al.,
2020). It has been reported that the leading cause of UC is related to
the changes in intestinal microbes (Taxonera et al., 2021). Besides,
pancreatitis is also one of the gastrointestinal diseases caused by
SARS-CoV-2, but its overall prevalence is lower compared with other
gastrointestinal case reports. The diagnosis of acute pancreatitis
requires at least two of the following three signs: abdominal pain;
amylase or lipase >3 times the upper limit of normal; characteristic
findings of imaging diagnosis. A study has shown that 9 of 52
COVID-19 patients (17%) have been detected with mild pancreatic
injury, whose symptoms were mainly characterized by an increased
incidence of pancreatitis and diarrhea, as well as increased pancreatic
serum enzymes (Wang F et al., 2020). Liu E et al. (2020) studied the
pancreatic injury of 121 COVID-19 patients. About 1 to 2% of

Disease type Proportion Categorical statistics/Counts
Gastrointestinal inflammatory lesions 41.30% 38/92
Ulcerative lesions of the gastrointestinal tract 14.13% 13/92
Gastrointestinal bleeding 7.61% 7192
Gastrointestinal thrombotic lesions 36.96% 34/92

The presidential count in the table refers to the total number of patients with gastrointestinal diseases counted in this paper, that is, the sum of the corresponding gastrointestinal diseases

found in the reference literature. The proportion shown is calculated based on the proportion of a particular disease to the total number.
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non-severe COVID-19 patients and 17% of severe COVID-19 patients
had pancreatic injury. ACE2 was expressed in the pancreas of normal
people. In addition, the expression level of SARS-CoV-2 in pancreas
was slightly higher than that in lung, indicating that SARS-CoV-2 may
combine with ACE2 in pancreas to cause pancreatic injury. Bacaksiz
et al. (2021) assessed the elevation of amylase and lipase in 1378
COVID-19 infected patients and its relationship to COVID-19
severity. Of the 1,378 patients, 316 had some degree of amylase
elevation (23%), and pancreatitis was detected in only 6 patients
(1.89%). In the remaining patients, elevated amylase and lipase were
found to be associated with the severity of COVID-19 infection. It has
been reported that in 8.5-17.3% of COVID-19 patients, elevated levels
of amylase and lipase, among others, indicated pancreatic injury and
were higher in patients with severe COVID-19 (Bruno et al., 2021).
Therefore, more attention should be paid to the pancreas in SARS-
CoV-2 infected patients, especially in severe cases. In summary, the
gastrointestinal inflammation caused by SARS-CoV-2 infection can
be manifested as inflammation of a single organ or combined with
inflammation in different durations, and some gastrointestinal
symptoms may precede other clinical symptoms. Therefore, in the
clinical treatment of COVID-19 patients, attention should be paid to
the occurrence of gastrointestinal inflammation, and regular
check-ups should be carried out during the recovery period
after discharge.

2.2. Ulcerative lesions of the
gastrointestinal tract

In addition to causing the gastrointestinal inflammation, ACE2
can also have a synergistic effect with SARS-CoV-2, causing necrosis
and degeneration of the gastrointestinal mucosa, leading to ulcerative
lesions. Therefore, the gastrointestinal ulcerative lesions also occur
frequently in COVID-19 patients, and can be diagnosed by endoscopic
evaluation. Several studies have reported that it can appear in various
parts of the tongue, hard/soft palate, lips and buccal mucosa,
oropharynx, esophagus, stomach, duodenum, and large intestine. In
the autopsy of a COVID-19 patient, two undiagnosed ulcers were
found in the anterior and posterior wall of the hypopharynx, the
positive cells of SARS-CoV-2 were found in the whole pharyngeal wall
from the mucosa of the ulcer to the deep muscle layer, and the SARS-
CoV-2 RNA was detected by molecular biological techniques.
Histopathology, immunohistochemistry, and molecular biology
confirmed that it was a local ulcerative injury caused by SARS-CoV-2
(Porzionato et al., 2021). Endoscopic evaluation was performed on six
COVID-19 patients with gastrointestinal symptoms, one severe
patient had an ulcer with a diameter of about 4-6mm in his
esophagus, and the SARS-CoV-2 RNA was detected in his stomach,
duodenum and rectum, but no SARS-CoV-2 RNA in the other three
non-severe COVID-19 patients. It was suspected that the occurrence
of ulcers was directly related to SARS-CoV-2 infection, and was also
related to the disease degree of the patients (Lin et al., 2020). Deb et al.
(2021) found that three COVID-19 patients had large, deep, and more
than one non-hemorrhagic gastric ulcer, all resulting in death due to
poor prognosis. Taherifard et al. (2022) reviewed a case of gastric ulcer
induced by cytomegalovirus(CMV) after SARS-CoV-2 infection, and
listed a number of similar cases, which were suspected to be further
caused by the immune disorder of patients after SARS-CoV-2
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infection. Of the seven COVID-19 patients, one was found to have
ulcerative and ischemic changes by enterosigmoidoscopy (Seeliger
et al,, 2020). Therefore, gastrointestinal ulcerative lesions were more
likely to appear in the later stage of SARS-CoV-2 infection, and
patients’ clinical manifestations should be monitored more closely to
make a timely diagnosis and treatment.

2.3. Gastrointestinal bleeding

Gastrointestinal bleeding often occurs in critically ill patients with
COVID-19; according to statistics, the proportion of gastrointestinal
bleeding in COVID-19 patients varies from 2 to 3%, which is related
to the number of cases included in the statistics and clinical symptoms.
Barrett et al. (2020) found that six COVID-19 patients were
accompanied by gastrointestinal bleeding, manifested as blood in the
stool or black stool, left lower limb ischemia, and only dyspnea, and
the bleeding symptoms appeared simultaneously with typical
symptoms of COVID-19. Gulen and Satar (2020) reported a case of
gastrointestinal bleeding in a COVID-19 patient with dyspnea and
abdominal pain accompanied by diarrhea, which was thought to
be related to the drug action and SARS-CoV-2 infection. The causes
of gastrointestinal bleeding in COVID-19 patients are summarized as
follows: Firstly, gastrointestinal ulcer and inflammation can cause
gastrointestinal bleeding; Secondly, the direct damage of SARS-CoV-2
to the mucous membranes; Thirdly, some anticoagulant or anti-
inflammatory drugs can also cause gastrointestinal bleeding.

2.4. Gastrointestinal thrombotic lesions

The excessive expression of inflammatory factors in COVID-19
patients can also cause abnormal coagulation and thrombotic diseases.
Studies have found that severe COVID-19 patients had longer
prothrombin time and higher plasma D-dimer levels, which
preliminarily indicated that the coagulation function of patients was
disordered. In addition, the levels of tumor necrosis factor-ar (TNF-),
interleukin -1f (IL-1p), and IL-8 in the plasma of patients were higher
than those of ordinary people (Huang et al, 2020), and these
inflammatory factors could regulate the transformation of coagulation
process to the coagulation-promoting direction, and even led to
thrombosis. Three cases of coagulopathy have been reported in
patients with COVID-19, all of which showed an association of
COVID-19 with hypercoagulability and thrombotic disease, and the
symptom was also manifested in the gastrointestinal disease (Zhang
et al., 2020). For example, intestinal obstruction, intestinal ischemia,
acute mesenteric thrombosis, gas accumulation, and even colon
perforation in patients with COVID-19 were all associated with the
hypercoagulability caused by COVID-19.

Ibrahim et al. (2020) reported two cases of SARS-CoV-2 infection
complicated with paralytic ileus. The first patient suffered from
abdominal distension, upper abdominal tenderness, excessive bowel
sounds, rectal cavity, and other symptoms after admission, the
extensive large intestine dilatation and the perforation of the middle
transverse colon were found during the operation. The second patient
was admitted to the hospital with abdominal pain, and an abdominal
X-ray showed the diffuse dilatation of the small intestine and large
intestine loop, which was thought to be associated with
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SARS-COV-2-induced microthrombosis. Another 13-year-old male
patient had small intestinal obstruction when he was admitted to the
hospital, and the detection of SARS-CoV-2 reverse transcription-
polymerase chain reaction (RT-PCR) was negative. As the disease
progressed, the patient successively showed typical symptoms of
COVID-19
involvement. The patient later tested positive for SARS-CoV-2

respiratory system, heart, and gastrointestinal
immunoglobulin G (IgG) antibody, and the series of reactions showed
late COVID-19 (Alsabri et al., 2020). The above results showed that
intestinal obstruction could occur both before and after respiratory
symptoms of COVID-19. In addition, if the colonic obstruction
caused by SARS-CoV-2 infection is not found and treated in time, it
may further develop into colonic ischemia and perforation.

Chan et al. (2020) reported the first case of ischemic colitis in a
hypercoagulable patient, which was accompanied by abdominal pain,
bloody diarrhea, and hyperactivity of bowel sounds, consistent with
the clinical manifestations of ischemic colitis. Moreover, during the
onset of the disease, the high inflammation and cytokine storms
related to COVID-19 appeared simultaneously, both in the second
week of the SARS-CoV-2 infection. At which time the inflammation
and hypercoagulable state were pronounced, and the level of D-dimer
was significantly increased. It was reasonable to believe that the
occurrence of ischemic colitis was related to SARS-CoV-2 infection.
Almeida Vargas et al. (2020) reported that all three COVID-19
patients suffered from severe colonic ischemia, and all the levels of
D-dimer were significantly increased, they were attributed to the
hypercoagulable state and disseminated intravascular coagulation
associated with SARS-CoV-2. All three patients died shortly after
diagnosis. A male patient was diagnosed with COVID-19 after
presenting with a cough and shortness of breath. On the 11th day of
admission, an abdominal CT scan revealed intestinal wall necrosis in
the mucosa of the small intestine, and histopathological examination
revealed thrombus formation in the mesenteric vessels and extensive
ischemia. However, the patients medical history showed no
hypercoagulability, venous thrombotic disease, or malignant tumor,
indicating that there was no risk factor for thrombotic mesenteric
ischemia, which was ultimately considered a complication of
COVID-19 (Sehhat et al, 2020). There were also cases of
gastrointestinal tract involvement without respiratory symptoms, four
patients with COVID-19 were negative for nucleic acid, three of
whom had signs of acute intestinal ischemia, and another was
diagnosed with small intestinal ischemia, and SARS-CoV-2 positive
was detected in intestinal resections, and levels of D-dimer in three of
the four patients were significantly higher than average value (Norsa
etal., 2020; Zamboni et al., 2022). That is to say, SARS-CoV-2 infection
should also be considered in the presence of gastrointestinal
symptoms, such as intestinal ischemia, in the absence of respiratory
symptoms. In addition, Cheung S. et al. (2020) reported a COVID-19
patient without major factors for thromboembolism formation, who
presented signs of acute mesenteric thrombosis and intestinal
ischemia 1 week after turning negative, but the level of D-dimer was
also significantly increased, which was suspected to be a potential
complication caused by COVID-19. A patient with severe abdominal
pain was diagnosed with COVID-19, the CT scan showed the
possibility of arterial thrombosis in the mesentery, and his condition
improved after the operation and taking anticoagulants. Another
suspected COVID-19 case was found to have intestinal obstruction
with fever, the CT scan showed portal vein and mesenteric vein
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thrombosis, mesenteric abdominal and pelvic effusion, followed by
jejunal perforation and peritonitis, and eventually died. The levels of
D-dimer in both cases were also abnormal (Rodriguez-Nakamura
et al, 2020). The above research results indicated that the
gastrointestinal diseases, such as intestinal ischemia and intestinal
thrombosis, would appear before respiratory symptoms or secondary
to SARS-CoV-2
hypercoagulable state caused by SARS-CoV-2. D-dimer levels in
patients with COVID-19 can be measured clinically. When the level
was significantly elevated, intestinal ischemia or intestinal thrombosis

infection, which were related to a blood

should be closely watched.

Intestinal ischemia and obstructive gastrointestinal diseases are
usually associated with secondary pneumatosis, and multiple cases of
COVID-19 patients have been found to be complicated by intestinal
gas. Meini et al. (2020) reported a male patient, who was diagnosed
with COVID-19 due to fever, cough, chest pain, and other symptoms,
and the patient recovered completely after treatment. However, the
level of D-dimer in the patient increased, and the abdominal CE-CT
scan showed the presence of air in the cecum and right hemicolon,
which was compatible with pneumatosis intestinalis (PI). He recovered
completely after treatment, it was considered that the pneumatosis was
related to the damage to the intestinal wall and intestinal
microorganisms by SARS-CoV-2. To sum up the other reported case
types, including one case presented with diffuse abdominal pain and
rectal bleeding, and gas accumulation in the middle part of ascending
colon, one transplant patient receiving immunosuppressive drugs was
also infected with COVID-19 and complicated with the PI, extensive
pneumatosis was detected in the small and large intestine in one case,
two cases had free air in the abdominal cavity, and one case had
obvious pneumatosis in the portal vein. All the above reports have
fully demonstrated that the PI has become a typical complication of
COVID-19 (Aiello et al., 2020; Kielty et al., 2020; Lakshmanan and
Toubia, 2021). Furthermore, Bhayana et al. (2020) observed intestinal
pneumatosis or portal pneumatosis in the abdominal CT of four
patients with COVID-19, and three had apparent intestinal infarction
during laparotomy, which also indicated the correlation between
SARS-CoV-2 infection and pneumatosis intestinalis, intestinal
obstruction, and other diseases.

In addition, with the continuous epidemic of COVID-19, an
increasing number of case reports have found that patients also
presented with gastrointestinal perforation, mainly as a CT diagnosis
showing segmental intestinal wall thickening, focal intestinal wall
defects, or gas bubbles outside the lumen concentrated near the
intestinal wall, which was considered to be related to the direct effect
of SARS-CoV-2 infection, the direct inflammation of vascular
endothelium caused by microvascular thrombosis, mesenteric
ischemia and intestinal obstruction (Pan Y. et al., 2020). Giuffre et al.
(2020) reported the first case of rectal perforation caused by SARS-
CoV-2 infection, the patient was admitted to the hospital due to
cough, abdominal pain, and high fever, and the abdominal CT showed
rectal perforation, which was suspected to be a complication by
COVID-19. Al Argan et al. (2021) reported that three patients with
COVID-19 had a gastrointestinal perforation in different degrees.
Case 1 presented abdominal pain and tenderness upon treatment, and
case 2 showed anemia and peritoneal hematoma with retroperitoneal
hematoma, all of which were different manifestations of
gastrointestinal perforation caused by COVID-19, and it was found
that in different periods of the disease course. This indicated that
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gastrointestinal perforation might occur at any time during SARS-
CoV-2 infection. One patient with COVID-19 was reported to have
colon perforation causing gastrointestinal ischemia, which was
suspected to be related to sepsis and thromboembolism following
SARS-CoV-2 infection (Neto et al., 2020). Another report found that
a patient with COVID-19 first presented with diarrhea, then
developed abdominal pain and obvious abdominal distension. The
X-ray plain film and CT scan found colon perforation, as well as a tiny
perforation of the anterolateral cecum (De Nardi et al, 2020).
Histopathology showed that acute inflammation, necrosis, and
bleeding were found in the resected intestinal specimens of COVID-19
patients with transverse colon perforation, indicating that COVID-19-
induced microthrombosis led to perforation (Huang et al., 2020).

The above results showed that SARS-CoV-2 infection was likely
to increase the risk of gastrointestinal thrombotic events and related
ischemia, and might lead to the occurrence of other gastrointestinal
diseases, resulting in increased mortality. In clinical treatment, if
patients have acute abdominal pain and hematochezia, thrombosis
and ischemic events should be considered in time, and the
corresponding anticoagulant drugs should be used to prevent and
treat such gastrointestinal thrombosis-related diseases.

3. Mechanism of gastrointestinal injury
induced by SARS-CoV-2

The pathogenesis of gastrointestinal diseases caused directly or
indirectly by SARS-CoV-2 infection can be divided into the following
categories (Figure 1):

The injury mechanisms of SARS-CoV-2 to the gastrointestinal
tract are mainly divided into direct injury and indirect injury. The left
side shows indirect injury. SARS-CoV-2 binds to the lung ACE2
receptor, and the expression of ACE2 protein is down-regulated,
which affects the transformation of Ang 1-7, increases the
concentration of AnglI and cytokines, and leads to the disorder of
RAS system and the decrease of intestinal mucosal anti-inflammatory
ability. In addition to directly damaging endothelial cells, cytokines
also promote lung-derived CCR9+ CD4+ T cells to enter the small
intestine through the circulation mediated by CCL25 to achieve lung-
intestinal axis infection. The right side shows direct damage. In
addition to ACE2, serine protease also participates in the infection
process through interaction with the virus S protein, which jointly
damages the gastrointestinal tract. In addition, the expression of ACE2
protein is down-regulated, and the expression of the sodium-
dependent neutral amino acid transporter B(0)AT1 is decreased,
resulting in a significant decrease in the level of tryptophan, affecting
the activity of the mTOR pathway, reducing the expression of
antimicrobial peptides, and leading to local enteritis and diarrhea. In
the figure, the red font represents the corresponding phenomenon or
disease caused by SARS-CoV-2, while the green font represents the
therapeutic measures or drugs used for the corresponding target.
Figure 1 is cited from Ye Q. et al. (2020).

3.1. ACE2 receptor mechanism
SARS-CoV-2 infection mainly depends on the S pro on its surface.

ACE2 is the primary receptor of SARS-CoV-2, which can form a
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SARS-CoV-2-ACE2 complex with SARS-CoV-2, then the membrane
fusion is initiated, and the RNA is released into the cytoplasm of the
host cell to complete the infection process (Wrapp et al., 2020;
V’kovski et al., 2021; Jackson et al., 2022). It has been found that the
ACE2 expression in the epithelial cells of the stomach, duodenum,
ileum, and rectum was 100 times higher than that in the lung (Lamers
etal,, 2020; Liang et al., 2020; Xiao et al., 2020), which fully suggested
that SARS-CoV-2 could infect the gastrointestinal tract by directly
binding to the ACE2 receptor in the gastrointestinal tract, thereby
inducing damage, inflammation and related dysfunction of the
gastrointestinal epithelium and mucosa, and leading to the
inflammatory lesions of the gastrointestinal tract.

3.2. Affect the renal angiotensinogen
system (RAS)

ACE?2 also plays an essential role in the regulation of the RAS. As
the primary bioactive molecule of the RAS, angiotensinogen II
(AnglI) can be transformed into angiotensin 1-7 (Ang 1-7) by ACE2,
which plays an anti-inflammatory and anti-remodeling role (Santos
et al, 2018; Paz Ocaranza et al., 2020). ACE2 also plays an essential
role in the regulation of the RAS. As the primary bioactive molecule
of the RAS, angiotensinogen II (Angll) can be transformed into
angiotensin 1-7 (Ang 1-7) by ACE2, which plays an anti-
inflammatory and anti-remodeling role. However, the SARS-CoV-
2-ACE2 complex was formed in the host after SARS-CoV-2 infection,
which led to the down-regulation of ACE2 protein expression and
affected the transformation of Ang 1-7, thus leading to the disorder
of the RAS and the decrease of anti-inflammatory ability of intestinal
mucosa, and further causing intestinal inflammatory symptoms in
patients infected with SARS-CoV-2 (Zhang et al., 2021). Some studies
have shown that the plasma Ang II levels had been found to
be significantly higher in patients with COVID-19 than in those
without infection (Liu Y. et al., 2020). When the expression of ACE2
was down-regulated, the concentration of Ang II increased, which had
a pro-inflammatory effect and could lead to the increase of a series of
cytokines in the blood, causing the endothelium damage, and making
the blood to be in a hypercoagulable state, thus inducing the
gastrointestinal coagulation disease (Eguchi et al., 2018). In addition,
SARS-CoV-2 infection can also generate gastrointestinal coagulopathy
by directly damaging the vascular endothelium (Jose and Manuel,
2020; Pamukgu, 2020; Xiao et al., 2020).

3.3. Affect the stability of intestinal flora

ACE2 was also an essential regulator for the maintenance of
intestinal homeostasis and the stability of gut microbiota (Yoshida
et al,, 2020), and its knockout can alter the gut microbiota, thereby
inducing colitis. At the same time, aberrant intestinal flora has also
been suggested to be a major contributing factor in the pathogenesis
of ulcerative lesions (Hashimoto et al., 2012; Ghoshal et al., 2020).
Significant changes have been found in the intestinal microflora of
SARS-CoV-2 patients during the infection, which may lead to a
decrease in symbiotic bacteria with critical physiological functions,
thus triggering the disorders of the intestinal microflora (Mazza et al.,
2020; Hazan et al.,, 2022). ACE2 affected the composition of the gut
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microbiota by regulating the expression of neutral amino acid
transporters in the gut. Studies have shown that the expression of the
sodium-dependent neutral amino acid transporter B(0)AT1 was
dependent on the presence of ACE2, and tryptophan was mainly
absorbed through B(0)AT1/ACE2 transport pathway, and the
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tryptophan levels were significantly reduced when B(0)AT1 was
knocked out in mice, affecting the activity of the Sirolimus (mTOR)
pathway, which affected the expression of antimicrobial peptides that
regulated the gut microbiota, which was necessary for the ecological
balance of the gut microbiota, and its imbalance can lead to local
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enteritis and diarrhea, etc. (Broer et al., 2011; Hashimoto et al., 2012;
Singer et al., 2012). Several biosynthetic pathways, including the
tryptophan biosynthetic pathway, have been found to be significantly
altered in patients with COVID-19, possibly by gut microbes and
depletion of several microbial-derived metabolites in the feces (Yeoh
etal., 2021; Zuo et al,, 2021); It is closely associated with modulating
the inflammatory response of the host and promoting tolerance and
resistance to viral pathogens (Catanzaro et al., 2020; Mcllroy et al.,
2020), and it has been speculated that SARS-CoV-2 may cause
gastrointestinal symptoms by affecting gut microbiota stability.
Furthermore studies have found that when the S1 subunit of SARS-
CoV-2§ protein bound to ACE2, the B(0)AT1/ACE2 complex would
be internalized in the intestine, which also affected the release of
intestinal proinsulin and further affected the stability of intestinal flora
(Yan et al., 2020).

3.4. Serine proteases mechanism

In addition to ACE2, SARS-CoV-2 infected cells also interacted
with the S protein of SARS-CoV-2, such as serine protease 2
(TMPRSS2) and serine protease 4 (TMPRSS4), which were involved
in the serine proteases process (Wruck and Adjaye, 2020; Zang et al.,
2020). Among them, the TMPRSS2 was highly expressed in the
intestinal epithelial cells (IEC), thereby increasing the susceptibility of
gastrointestinal tissues to SARS-CoV-2 infection (Ding and Liang,
2020). Zang et al. (2020) Investigated the effect of TMPRSS4 on SARS-
CoV-28 protein-mediated intercellular fusion, and found that the
TMPRSS4 could activate the S protein of SARS-CoV-2 and enhance
the membrane fusion, and play a cis-like role in promoting SARS-
CoV-2 infection in the intestine. Treatment of SARS-CoV-2 with
TMPRSS inhibitor showed that it could significantly inhibit SARS-
CoV-2 infection. Furthermore, Lee et al. (2020) investigated their role
in SARS-CoV-2 infection of the gastrointestinal tract in human
intestinal cell lines containing high levels of TMPRSS2 and ACE2, and
found that these cells were able to infect SARS-CoV-2 persistently, and
had a robust transmission. These results indicated that serine protease
played an important role in mediating SARS-CoV-2 infection of
gastrointestinal cells. For gastrointestinal infections, studies have
suggested that targeting TMPRSS2 and TMPRSS4 may reduce the
chance of SARS-CoV-2 infection (Zang et al., 2020). For example,
camostat mesylate (NI-03), a TMPRSS2 inhibitor, was found to inhibit
SARS-CoV-2 infection in human lung cells. Hoffmann et al. (2020a,b)
found that nafamostat mesylate was significantly more effective than
camostat mesylate in blocking SARS-CoV-2 infection in human lung
cells, and its safety was also confirmed. Therefore, serine protease
inhibitors should also be considered for the treatment of COVID-19.

3.5. Gastrointestinal injury through the
lung-gut axis

In addition to the inflammatory reaction and flora imbalance
caused by direct infection of the gastrointestinal cells, lung cells
infected by SARS-CoV-2 can also cause gastrointestinal injury and
gastrointestinal symptoms. The gastrointestinal flora affected the
respiratory tract through the mucosal immune system, and the
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respiratory flora could also affect the digestive tract through
immunomodulation (Wang et al., 2018; Dominguez-Diaz et al., 2019).
The C-C chemokine type 9 receptor was an essential chemokine
receptor for CD4+T cells to enter the small intestine. Some studies
have found that lung-derived CCR9+CD4+T cells would
be increased after infection, and the small intestinal epithelium could
express CCL25, which could promote CCR9+CD4 +T cells to enter
the small intestine, and CD4+ T cells to enter the small intestine
would lead to intestinal immune injury, causing a series of mucosal
reactions and chronic enteritis (Stenstad et al., 2006; Wang et al.,
2014). Therefore, it was very likely that the gastrointestinal diseases
were caused by the imbalance of respiratory flora after the SARS-
CoV-2 infection. In addition, after pulmonary infection, ACE2
receptors made it easy for vessels in the lungs to become target organs,
triggering microthrombosis, immune complex deposition, and
excessive immune responses. However, it was highly likely that SARS-
CoV-2 particles reached the intestinal epithelium under the protection
of the mucus layer for infection, resulting in local gut inflammation
and secondary intestinal injury (Garg et al., 2020; Kumar et al., 2020).

4. Treatment

COVID-19 patients may also suffer from a series of gastrointestinal
symptoms due to related drugs during treatment (Figure 1). For
example, Remdesivir is used to treat COVID-19 patients, patients
usually show elevated levels of transaminase or bilirubin, anorexia,
nausea, vomiting, diarrhea and other gastrointestinal symptoms (Cao
et al., 2020; Spinner et al., 2020; Wang Y. et al., 2020). For Lopinavir/
Ritonavir combination therapy, gastrointestinal adverse events are
more likely to occur, including nausea, diarrhea and elevated liver
enzymes. Studies have shown that about 8.1% of patients will develop
grade 2-3 gastrointestinal disease and discontinue medication (Cao
etal, 2020; Ye X. T. et al., 2020; Lu et al., 2021). In addition, because
chloroquine phosphate alone has not shown a benefit in the treatment
of hospitalized patients with COVID-19 and increases mortality, its
potential risks cannot be predicted. It is not recommended for use
alone in patients with COVID-19 (Llover and Jiménez, 2021; Singh
et al.,, 2021). Other studies have shown that treatment with some
proprietary Chinese medicines can also cause elevated serum
transaminase, diarrhea, stomach pain, nausea and vomiting and other
gastrointestinal symptoms (Duan et al., 2020; Zhang et al., 2020).
Therefore, it is crucial to learn to identify clinically whether a patient
has a gastrointestinal disorder due to the effects of a drug. SARS-CoV-2
enters cells by binding to ACE2, therefore, the gastrointestinal
symptoms of patients with COVID-19 can be regulated by blocking the
binding of SARS-CoV-2 to ACE2. It has been found that ACE2
inhibitors can regulate intestinal amino acid metabolism, secretion of
antimicrobial peptides, intestinal microbial stability, and innate
immunity (Li et al., 2020). azathioprine, for example, has been found
to compete with ACE2 for binding regions or act as an ACE2 inhibitor
(Chen et al, 2020). Merarchi et al. (2021) found that baicalin,
hesperidin and glycyrrhizin could act as ACE2 inhibitors. The novel
antibody combination IBI314 can bind to two different RBDS, block
the interaction between RBD and ACE2 receptor, and show the super-
potent neutralization effect on SARS-CoV-2, and can also act as an
ACE2 inhibitor (Zou et al., 2022). Thus, ACE2 inhibitors can be used
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to treat the gastrointestinal diseases caused by SARS-CoV-2. In
addition, the increase of AnglI has a pro-inflammatory effect, which
can damage the vascular endothelial cells and induce gastrointestinal
coagulation disease. Therefore, Angll receptor blockers can also
be used as therapeutic drugs for gastrointestinal diseases caused by
SARS-CoV-2 infection, and appropriate anticoagulants can also
be used in advance for prevention in clinical treatment. However,
whether SARS-CoV-2 infects the gastrointestinal directly or indirectly,
the microflora will be affected and unbalanced in most cases. A healthy
gut microbiota can control SARS-CoV-2-induced lung infection by
producing large numbers of immune cells. For example, probiotics and
prebiotics in the diet can inhibit SARS-CoV-2 infection by regulating
the homeostasis of the gut microbiota, and their effectiveness has been
demonstrated in multiple studies and clinical trials (d'Ettorre et al.,
2020; de Ponte et al., 2021; Rajput et al, 2021). Microecological
modulators also maintain intestinal mucosal integrity and minimize
secondary bacterial infections (Wei, 2020). Therefore, regulation of the
stability of the gut microbiota and maintenance of the integrity of the
intestinal mucosa may also be an alternative treatment for
gastrointestinal diseases caused by SARS-CoV-2 infection. Targeting
the role of serine proteases in gastrointestinal disease caused by SARS-
CoV-2 infection, inhibiting serine proteases may also be a therapeutic
option. So far, several studies have reported the effect of inhibiting
TMPRSS2 on the infection of SARS-CoV-2 in the lungs (Hoffmann
etal,, 2020a,b). There are two pathways: one is the direct inhibition of
TMPRSS2 activity by drug inhibitors. The other is to inhibit TMPRSS2
activity through chemical interactions with corresponding residues,
such as ASP435, SER441, and His296, all of which are critical for the
downregulation of TMPRSS2 expression (Ko et al., 2020). However, a
variety of drugs currently in clinical trials, such as Bromohexine,
Ambroxol, Carmustat, and Binaphrostat, have side effects to varying
degrees (Breining et al., 2021; Hoffmann et al,, 2021; Kehinde et al.,
2022). It may be possible to use the affinity of natural compounds to
bind different amino acid residues of TMPRSS2 to inhibit TMPRSS2.
Such natural drugs need to be further searched and studied. Moreover,
due to the presence of the lung-gut axis, the gastrointestinal
involvement may also be caused by pulmonary infection. Therefore,
inhibition of gastrointestinal injury by SARS-CoV-2 may start from the
inhibition of pulmonary infection, and then inhibit the infection of
SARS-CoV-2 on the gastrointestinal tract by immunomodulation or
regulation of respiratory flora, but it should also be considered whether
the drug will aggravate the symptoms of the gastrointestinal tract of
patients when using the drug.

5. Summary

Although the main symptoms of COVID-19 are respiratory
symptoms, gastrointestinal symptoms are becoming more frequent.
Many studies have reported that the patients with COVID-19 will
develop or be complicated with gastrointestinal disease before
respiratory diseases, after respiratory symptoms or after recovery
(Cheung K. S. et al., 2020; Holshue et al., 2020; Jin et al., 2020; Lin
etal, 2020; Pan L. et al,, 2020). Whether the gastrointestinal disease is
caused directly or indirectly by SARS-CoV-2, it is related to its
receptor or enzyme. For example, ACE2 receptor and serine proteases
play a critical role in the process of SARS-CoV-2 infection of cells, and
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the entry mechanisms of SARS-CoV-2 involve many organs such as
the brain, lung, gastrointestinal tract, and liver. The infection can also
be interconnected between them through the corresponding channels.
The imbalance of the corresponding microbiota in the gastrointestinal
tract will also impact the gastrointestinal diseases caused by SARS-
CoV-2 infection, further increasing the possibility of gastrointestinal
involvement. Therefore, inhibiting or blocking the corresponding
receptors and enzymes, and regulating the stability of the
interconnected flora in the gastrointestinal tract can produce a definite
therapeutic effect on the gastrointestinal diseases caused by SARS-
CoV-2 infection, however, the specific effective therapeutic drugs need
further research and development. Furthermore, if COVID-19
patients with gastrointestinal symptoms caused by SARS-CoV-2
infection were treated as ordinary patients without significant
respiratory symptoms, the consequences would be unimaginable. In
addition, after COVID-19 patients have recovered from treatment, if
measures to prevent gastrointestinal diseases are not taken in time, the
likelihood of patients with poor prognosis or even death will
be increased. Therefore, timely identification and understanding of the
gastrointestinal symptoms, injury mechanisms, and treatment
approach caused by SARS-CoV-2 infection can be beneficial for early
prevention and rational treatment in clinical practice.
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