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Abstract
The coronavirus disease 2019 (COVID-19) pandemic caused by severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) is spreading at an alarming rate, and it has created an unprecedented health emergency threatening tens of millions of people worldwide. Previous studies have indicated that SARS-CoV-2 ribonucleic acid could be detected in the feces of patients even after smear-negative respiratory samples. However, demonstration of confirmed fecal-oral transmission has been difficult. Clinical studies have shown an incidence rate of gastrointestinal (GI) symptoms ranging from 2% to 79.1% in patients with COVID-19. They may precede or accompany respiratory symptoms. The most common GI symptoms included nausea, diarrhea, and abdominal pain. In addition, some patients also had liver injury, pancreatic damage, and even acute mesenteric ischemia/thrombosis. Although the incidence rates reported in different centers were quite different, the digestive system was the clinical component of the COVID-19 section. Studies have shown that angiotensin-converting enzyme 2, the receptor of SARS-CoV-2, was not only expressed in the lungs, but also in the upper esophagus, small intestine, liver, and colon. The possible mechanism of GI symptoms in COVID-19 patients may include direct viral invasion into target cells, dysregulation of angiotensin-converting enzyme 2, immune-mediated tissue injury, and gut dysbiosis caused by microbiota. Additionally, numerous experiences, guidelines, recommendations, and position statements were published or released by different organizations and societies worldwide to optimize the management practice of outpatients, inpatients, and endoscopy in the era of COVID-19. In this review, based on our previous work and relevant literature, we mainly discuss potential fecal-oral transmission, GI manifestations, abdominal imaging findings, relevant pathophysiological mechanisms, and infection control and prevention measures in the time of COVID-19.
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Core Tip: Coronavirus disease 2019 (COVID-19) caused by severe acute respiratory syndrome coronavirus-2 has led to an unprecedented global public health crisis. Based on our previous work and the relevant literature, the aim of this review is to discuss mainly the current status and progress, the problems that have been resolved and those that remain to be resolved, and the future research directions in the field of COVID-19 and the digestive system, with special focus on potential fecal-oral transmission, gastrointestinal manifestations, abdominal imaging, pathophysiological mechanisms, and infection control and prevention measures in outpatient visits, inpatient ward, and endoscopy centers in the time of COVID-19. 

INTRODUCTION
Coronavirus disease 2019 (COVID-19) caused by severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) has led to an unprecedented global public health crisis since December 2019[1]. As of March 16, 2021, 119218587 confirmed cases of COVID-19 patients have been reported with 2642673 deaths in 212 countries globally[2]. Although respiratory symptoms, such as cough and dyspnea, are the most prominent clinical presentations in COVID-19 patients; extra-pulmonary manifestations, including gastrointestinal (GI) problems, such as nausea, diarrhea, and vomiting, are now being increasingly reported, occasionally even as the initial symptom[3-5]. A previous study has shown that the clinical investigation of disease onset has been underestimated, especially in terms of GI symptoms, and COVID-19 patients presenting with GI symptoms as initial symptoms need a longer duration of viral shedding and hospitalization than patients presenting with pulmonary symptoms[6]. Additionally, SARS-CoV-2 enters the host cells via the interaction of the viral spike (S) protein with the human angiotensin-converting enzyme 2 (ACE2) receptor, and ACE2 is abundantly expressed in the small intestine and lung epithelium, indicating routes of efficient coronavirus infection through the airway and GI tract in humans[3,7,8]. In this review, we mainly discuss potential fecal-oral transmission, GI manifestations, pathophysiological mechanisms, and infection control and prevention measures.

POTENTIAL FECAL-ORAL TRANSMISSION
SARS-CoV-2 RNA was first detected in a stool specimen from the first reported COVID-19 patient in the United States[9]. Later, numerous studies found that fecal samples of hospitalized patients were positive for SARS-CoV-2, including those with or without GI symptoms[10,11]. Based on the current research, SARS-CoV-2 RNA has been detected in 29%-55% of stool samples from COVID-19 patients[12,13]. More importantly, Xiao et al[14] isolated infectious SARS-CoV-2 from stool samples, confirming the release of the infectious virus into the GI tract, and showed that the ACE2 protein was abundantly expressed in the glandular cells of gastric, duodenal, and rectal epithelia, supporting the entry of SARS-CoV-2 into the host GI tract cells. Cheung et al[11] found that GI symptoms were present in 17.6% of COVID-19 patients, and viral shedding in stool was detected in 48.1% of patients and could persist for up to 33 d from the illness onset even after negative viral RNA in respiratory specimens. van Doorn et al[15] also found that detection of the infectious virus in stool samples or anal swabs can persist long after negative respiratory testing and drew a conclusion that stool sample or anal swab testing should be considered while isolating or discharging a patient. Our published data[16] showed that anal swab positives but throat swab negatives were observed in two of the seven turn-positive patients, indicating that fecal-oral transmission and environmental contamination should not be ignored in patients with SARS-CoV-2. Xie et al[17] compared the positive proportion of SARS-CoV-2 nucleic acid amplification test results from different samples, including oropharyngeal swab, blood, urine, and stool, and found that the positive proportion was about 40% using stool samples or oropharyngeal swab samples. Zhang et al[18] found that 35.7% of the confirmed patients had a positive stool sample for SARS-CoV-2 nucleic acid, and nucleic acid detection of COVID-19 in fecal specimens was as accurate as that in pharyngeal swab specimens. To avoid missed diagnosis in positive patients, diagnostic tests with higher specificity and sensitivity are urgently needed, and combination of computed tomography scans and nucleic acid detection may also be a choice[17]. Additionally, the demonstration of confirmed fecal-oral transmission is difficult, as researchers need to control for respiratory droplet exposure, which may be difficult in a clinical setting. However, more studies are needed to understand the potential role of fecal-oral transmission in the current pandemic, as it may affect the isolation recommendations and prevention and control measures[19].

DIGESTIVE SYSTEM MANIFESTATIONS IN COVID-19 PATIENTS
The main manifestations of COVID-19 patients were fever and/or respiratory symptoms, but studies also showed that about 2%-79.1% of patients had GI symptoms[10,20-23]. These symptoms can appear at the beginning of the disease, even before the onset of fever and respiratory tract symptoms. The most common GI symptoms include decreased appetite, nausea and vomiting, diarrhea, and abdominal pain. Severe patients may have GI bleeding. Based on existing literature and reports, GI manifestations of SARS-CoV-2 are still emerging and variant, and there are no specific symptoms and signs in COVID-19 patients. In addition to the above GI symptoms, some patients also had liver injury, pancreatic damage, and even acute mesenteric ischemia/thrombosis. Although the incidence rates reported in different centers were quite different, the digestive system was the clinical component of the COVID-19 section.

GI symptoms
A series of studies have consistently reported GI symptoms among COVID-19 patients. In the cohort of 140 COVID-19 patients in Wuhan, GI symptoms included nausea in 24 (17.3%), vomiting in seven (5.0%), and diarrhea in 18 (12.9%) patients; however, abdominal pain or discomfort was only reported in 2.2%-5.8% of patients[24]. A large study in China that collected data of 1099 patients from 552 hospitals reported nausea or vomiting in 55 (5.0%) and diarrhea in 42 (3.8%) patients[20]. Several other cohorts reported frequencies of diarrhea ranging from 2.0%-10.1% and nausea and/or vomiting ranging from 1.0%-10.1%[10,20-24]. Tian et al[25] analyzed the available studies (from the end of December 2019 to the end of February 2020) and found a variable incidence: Vomiting (3.6%-66.7%), nausea (1%-29.4%), anorexia (39%-50.2%), diarrhea (2%-49.5%), GI bleeding (4%-13.7%), and abdominal pain (2.2%-6.0%). However, in a recent review, 26 studies were included to analyze the prevalence of GI symptoms, and it was found that the prevalence of nausea and vomiting, diarrhea, abdominal pain, and anorexia was 7%, 8%, 3%, and 17%, respectively[26]. In addition, belching and constipation were also reported in COVID-19 patients[27,28].
Nausea had an acute onset, and it was an early warning of a problem in the upper digestive tract and a component of the body’s epithelial defenses, which indicated nausea may be the first indication of GI infection by SARS-CoV-2. This may be a serious omission as nausea and vomiting can be the presenting symptoms, as exemplified by the first cases of COVID-19 in the United States and China[9,23]. Andrews et al[29] analyzed 41 studies including more than 2000 COVID-19 patients and showed that the median incidence of nausea was 10.5% and that of diarrhea was 11%. These findings supported the view that nausea and diarrhea should be given equal importance as symptoms of SARS-CoV-2 infection. To date, there are scarce data on the temporal pattern of nausea and vomiting during the course of the disease[30,31]. Most published studies have only reported the presence or absence of nausea and vomiting while not taking their severity into consideration. More attention should be paid to recognizing nausea as a potential early symptom of COVID-19, as revealed by the epidemiological data. 
Diarrhea was another common GI symptom of COVID-19 patients. Diarrhea mostly occurred within 1-8 d after onset, with a median of 3.3 d; the duration was 1-14 d, with an average of 4.1 ± 2.5 d in COVID-19 patients. The frequency of diarrhea was 3.3 times, and occasionally it even reached nine times a day. Watery stool accounted for 34.3%[32]. Jin et al[23] showed that the incidence of critical cases in patients with digestive system symptoms was significantly higher than that in patients without digestive system symptoms (22.97% vs 8.14%, P < 0.001), and 8.6% of patients had diarrhea on admission. Median duration of diarrhea was 4 d, and most of the patients had self-limiting symptoms. Stool cultures were negative in all patients, and there were no fecal leukocytes. Recently, an analysis of 43 studies including 10676 COVID-19 patients summarized that the pooled prevalence of diarrhea symptoms was 7.7%; and the pooled prevalence of diarrhea in studies from other countries was much higher at 18.3% in comparison to that in the study from China, where the prevalence was 5.8%. Meanwhile, the pooled prevalence in hospitalized patients was slightly higher at 10.4% compared with that in outpatients at 4.0%, and the pooled prevalence of diarrhea, as one of the initial symptoms in hospitalized COVID-19 patients from 33 studies, was 9.3%[33]. Another study in 175 hospitalized patients reported that 19.4% of patients had diarrhea, with symptom duration ranging from 1-4 d, with an average of six times per day[34]. Wang et al[22] reported that 14 of 138 hospitalized patients presented with diarrhea and nausea 1-2 d before the development of fever and dyspnea. Luo et al[35] found that 183 of 1141 (16%) patients presented with GI symptoms in the absence of respiratory symptoms (sometimes diarrhea as the only presenting symptom), while the majority of patients (96%) had lung infiltrates on chest computed tomography. Fang et al[32] showed that the incidence of new diarrhea (excluding diarrhea caused by adverse drug reactions) was 22.2%, while that after antiviral drugs was about 55.2%. Lin et al[10] found that 24% of patients had diarrhea, while only 5.2% of patients had diarrhea on admission. Most of the patients developed diarrhea during hospitalization, owing to medications or other treatments. For instance, antibiotics can cause intestinal microecological imbalance and lead to antibiotic-associated diarrhea[10]. 
Abdominal pain was another common GI symptom, and it was variably described as stomach ache, epigastric pain, and abdominal discomfort, without any further details regarding the quality or nature of pain[10,23,25,26,30,31]. The pooled prevalence of abdominal pain was 3.6% in an analysis of 15 studies including 4031 COVID-19 patients[33]. A subgroup analysis demonstrated a slightly higher pooled prevalence of 5.3% in patients from regions besides China compared with 2.7% of patients from China[33].
In brief, to understand more accurately the true prevalence of digestive symptoms in COVID-19 patients, it is critical to systematically collect the following information: Onset of nausea and vomiting, diarrhea, abdominal pain; duration of symptoms; and documentation of whether and how long GI symptoms precede the upper respiratory infection symptoms. 

Liver injury
Except for GI symptoms, such as diarrhea, nausea, and vomiting, liver injury was observed in a substantial proportion of COVID-19 patients and it was worthy of our attention[36]. Most of the cases reported had mildly elevated levels of alanine aminotransferase (ALT), aspartate aminotransferase (AST), and lactate dehydrogenase[21,37,38]. Gamma glutamyl transferase (γGT) was elevated in 54% of the patients in a commentary that described a cohort of 56 COVID-19 patients[39]. Chen et al[21] reported that 43% of the patients had different degrees of liver insufficiency with increased AST and ALT, and 18% of the patients had increased total bilirubin (TBil). Sultan et al[33] reviewed 34 studies and found that 15.0% of patients had abnormal AST, 15.0% of patients had abnormal ALT, and 16.7% of patients had abnormal TBil. In a recent review, 14 studies were included to analyze the prevalence of increased AST, ALT, and TBil, and about 24%, 25%, and 13% of the patients had increased AST, ALT, and TBil, respectively[26]. The pooled results of 12 studies including 1878 patients showed that the proportion of patients with abnormal liver function was 27.4%, and the rate of high ALT, AST, and TBil was 25.3%, 25.4%, and 8.8%, respectively[40]. Recent systemic reviews highlighted that elevations of cholestatic liver enzymes, alkaline phosphatase (ALP) and γGT, in COVID-19 patients were 6.1% and 21.1%, respectively[41]. In a large cohort study, 23 out of 1099 cases were identified as having preexisting hepatitis B infection[20]. Liu et al[42] reported that SARS-CoV-2 and HBV coinfected patients showed more severe monocytopenia and thrombocytopenia as well as more disturbed hepatic function in terms of albumin production and lipid metabolism at the onset of COVID-19. However, SARS-CoV-2 and HBV coinfection did not significantly affect the outcome of the COVID-19.
Several studies have reported about the association between the presence of abnormal liver function and severity of disease or outcomes, and they have declared that liver injury was associated with high risk of admission as well as higher risk of intensive care unit admission and/or death[10,43-45]. As liver biochemical indicators are closely related to the severity and prognosis of COVID-19 patients, measurement of these liver biochemical parameters might assist clinicians to evaluate the prognosis of COVID-19[46,47]. We also suggest checking the baseline liver function markers in all patients on admission and monitoring throughout hospitalization, particularly in patients undergoing drug therapy for COVID-19 associated with potential hepatotoxicity. Additionally, a recent study showed that a significant proportion of discharged COVID-19 patients were still with abnormal liver function indicators even after 2 mo of follow-up, and patients combined with liver diseases, especially fatty liver, were more likely to progress to severe condition[48]. As a treatment strategy, Traditional Chinese medicine (TCM) would be beneficial for discharged COVID-19 patients. Serum γGT was significantly decreased, while prealbumin and albumin increased after discharged patients treated by TCM[49].
The etiology of liver injury may include viral immunologic injury, drug-induced liver injury, the systemic inflammatory response, hypoxic hepatitis, and the exacerbation of preexisting liver disease[50]. For instance, electron microscopic analyses of liver samples from two deceased COVID-19 patients with liver dysfunction demonstrated the presence of viral particles in the cytoplasm of hepatocytes[51]. Moreover, SARS-CoV-2 virions in vessel lumens and endothelial cells of portal veins in COVID-19 liver specimens were found using in situ hybridization[52]. The mechanism of liver injury may be complicated, including direct cytotoxicity from active viral replication of SARS-CoV-2 in the immune-mediated liver damage due to a severe inflammatory response, vascular changes due to coagulopathy, endotheliitis from right heart failure, hypoxic changes induced by respiratory failure, drug-induced liver injury, and exacerbation of underlying liver disease[40]. More detailed and crucial questions, such as which molecular processes are dysregulated by the infection and what is the real factor of direct cytopathic effects, hypoxia, or cytokine storm in hepatic dysfunction, need to be answered by performing further research.

Pancreatic damage
Studies have demonstrated that ACE2, the receptor of SARS-CoV-2, was expressed in the pancreas[53-56]. Despite this, little attention has been paid to the extent and details of pancreatic injury caused by COVID-19[53]. Fortunately, so far, an increasing number of studies have reported pancreatic injury in patients with COVID-19 infection, which received the attention of clinicians and researchers[57-62]. Combined with clinical data, Liu et al[53] showed that 1%-2% of non-severe and 17% of severe patients with COVID-19 had pancreatic injury. Some critically ill patients already had developed pancreatic injury before admission. The possibility of drug-induced pancreatitis, the consequences of pancreatic injury such as aggravating systemic inflammation, accelerating the occurrence of acute respiratory distress syndrome, and even developing into chronic pancreatitis, which may have a serious impact on the health and quality of life of patients, should be considered. Akarsu et al[63] reported that the presence of pancreatic damage triggered by SARS-CoV-2 could deteriorate the clinical condition of patients, and the mortality rate may increase in these patients. Wang et al[64] also reported that the incidence of pancreatic injury was 17% in patients with COVID-19 pneumonia. Using several methodologies, Fignani et al[56] showed that ACE2 was highly expressed in pericytes in the pancreatic microvasculature and insulin producing beta-cells. Pancreatic injuries or even acute pancreatitis may develop during SARS-CoV-2 infection, especially in those with pre-existing diabetes mellitus. Monitoring of pancreatic enzymes was suggested in COVID-19 patients, especially in those with pre-existing diabetes mellitus[65]. Simou et al[58] also reported a patient diagnosed with acute pancreatitis associated with SARS-CoV-2, and they suggested that serum levels of amylase and lipase enzymes should be tested in all patients with COVID-19, even in asymptomatic subjects. Nevertheless, Bansal et al[66] found that serum amylase or lipase did not correlate with the severity of COVID-19 or its mortality; and the prevalence of hyperamylasemia in patients with COVID-19 was 33%, while that of elevated lipase was 24.1%. Additionally, Suchman et al[60] showed that pancreatitis may occur in pediatric patients with COVID-19. Based on the above-mentioned studies, more research may be needed to investigate whether more elevated amylase and lipase levels are associated with a more severe course of this specific virosis.

Acute mesenteric ischemia or thrombosis
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Cheung et al[67] described the first presumptive case of COVID-19-associated acute superior mesenteric artery thrombosis and acute intestinal ischemia. Macrovascular arterial/venous thrombosis was reported in almost half of COVID-19 patients with bowel ischemia. Overall mortality in COVID-19 patients with GI ischemia and radiologically evident mesenteric thrombotic occlusion was 38.7% and 40%, retrospectively[68]. Thromboembolic complications of COVID-19 should not be ignored, as coagulation dysfunction was one of the major causes of death in patients with severe COVID-19 infection. Clinicians managing patients with suspected or confirmed SARS-CoV-2 infection should monitor their potential late complications, as delayed diagnosis can lead to increased morbidity and mortality[67]. Norsa et al[69] also suggested that a high level of suspicion for intestinal ischemia should be maintained in COVID-19 patients presenting with GI symptoms or with arising abdominal pain because this complication could account for an increase mortality risk. Paul et al[70] discussed a case of severe COVID-19 pneumonia, developing ischemic colitis, for several reasons, including hypercoagulable state, coagulopathy leading to thromboembolic complications, and use of vasopressors in severely ill patients with hemodynamic compromise. Singh et al[71] conducted a rapid review of the current scientific literature available in PubMed to identify cases of acute mesenteric ischemia (AMI) in COVID-19 patients, and they summarized the clinical characteristics of COVID-19 patients with AMI. A total of 13 cases were found. Of these, six patients had pre-existing comorbidities, while seven patients had no comorbidities. Abdominal pain, nausea, and vomiting were the main common symptoms of these patients. The diagnosis of AMI was made by contrast-enhanced computed tomography. Ten patients underwent surgery, and three patients received conservative management. Out of these 13 patients, four patients died. The pathological mechanism may include the following: Direct invasion of the bowel tissue by the virus resulting in expression of ACE2 on enterocytes; viral infection of the endothelial cells leading to diffuse endothelial inflammation or increased procoagulant factors, like factor VIII, von Willebrand factor, and fibrinogen; virus-induced cytokine storm leading to coagulation and fibrinolysis activation[72-75]. 
Abdominal venous thrombosis, such as the superior mesenteric vein (SMV) thrombosis, was also reported. Recently, a 29-year-old male construction worker from India was reported to present with left-sided colicky abdominal pain without any acute respiratory symptoms[76]. A retrospective cross-sectional study revealed bowel-wall abnormalities, such as bowel wall thickening and pneumatosis, in 31% of the CT scans, and signs of late ischemia in 20% of CT scans of intensive care unit (ICU) patients (2.7% of ICU patients), for which the established etiology was small-vessel arterial thrombosis[77]. Hence, early evaluation of abdominal vessels in COVID-19 patients who present with any abdominal symptoms should be considered, especially in those who have an elevated D-dimer level. Early treatment of thrombosis with low-molecular-weight heparin can have a significant impact on the therapeutic outcome. In addition to anticoagulants, other therapies, such as anticomplement and interleukin (IL)-1 receptor antagonists, need to be explored, and other new agents should be discovered as they emerge from our better understanding of the pathogenetic mechanisms[75]. 

ABDOMINAL IMAGING FINDINGS IN COVID-19 PATIENTS
A systematic review identified 36 primary studies addressing the GI symptoms and radiologic manifestations of SARS-CoV-2 infection and showed that typical GI findings included non-specific small and large bowel wall thickening and liquid stool throughout the bowel and other more rare presentations included pneumatosis intestinalis, pneumoperitoneum, and large volume ascites. Identifying these features on abdominal imaging also highlight the need to consider and evaluate for other manifestations of COVID-19 such as lung parenchymal findings[78]. In a recent retrospective cross-sectional study, 34% of inpatients had GI symptoms at admission, CT was most commonly performed for abdominal pain or sepsis, and ultrasound was most frequently performed for elevated liver enzyme levels. Bowel wall abnormalities were shown on 31% of the CT scans, such as bowel wall thickening and pneumatosis. Ultrasound examinations were mostly performed because of liver laboratory findings (87%, 32 of 37), and 54% (20 of 37) revealed a dilated sludge-filled gallbladder, suggestive of bile stasis[77]. Bowel abnormalities and gallbladder bile stasis were common findings on abdominal images of COVID-19 patients. Patients who underwent laparotomy often had ischemia, possibly due to small-vessel thrombosis[77]. Another retrospective study included 81 COVID-19 patients with abdominal CT, and 45 (55%) had positive abdominopelvic findings. The most common abdominal imaging features were intestinal imaging findings (24%), including colorectal (5%) and small bowel thickening (12%), intestinal distension (18%), pneumatosis (1%), and intestinal perforation (1%)[79]. Morparia et al[80] reported abdominal imaging findings in critically ill children admitted with multisystem inflammatory syndrome associated with COVID-19. Hepatomegaly, nephromegaly, gallbladder wall edema, ascites, intestinal inflammation, and mesenteric lymphadenopathy were seen on sonography, while CT showed fluid-filled small bowel loops, mural thickening of the terminal ileum, diffuse lymphadenopathy, and moderate ascites. Shiralkar et al[81] found that a spectrum of abdominal imaging findings ranging from colitis to pancreatitis may be correlated with COVID-19 infection, even though the majority of patients with GI symptoms did not have identifiable GI pathology on imaging. Additionally, imaging requests to evaluate the cause of GI bleeding may increase, especially in patients demonstrating bright red blood per rectum, declining hemoglobin, and/or hemodynamic instability[82].
Due to the risk of direct exposure, non-essential endoscopic procedures should be cancelled, and only emergency endoscopies were permitted[83]. Xiao et al[14] showed that no abnormalities were observed in the stomach, duodenum, colon, and rectum, with the exception of mucosa damage in the esophagus at endoscopy. Histology showed numerous infiltrating plasma cells and lymphocytes as well as interstitial edema in the laminapropria of the stomach, duodenum, and rectum. However, a recent cohort of 95 COVID-19 patients reported an additional six cases who underwent endoscopy examination, revealing esophageal bleeding with erosions and ulcers in one severe patient. SARS-CoV-2 RNA was detected in esophagus, stomach, duodenum, and rectum specimens for two severe patients. In contrast, only duodenum was positive in one of the four non-severe patients[10]. Endoscopic diagnosis and treatment has been served as an indispensable part in the management of severe COVID-19 cases, as placing jejunal nutrition tubes in these patients to improve their overall nutritional status and performing emergency bedside endoscopic hemostasis could improve their prognosis and reduce their mortality[84]. 

MECHANISMS OF GI TRACT INVOLVEMENT
Studies have demonstrated that SARS-CoV-2 enters into host cells by binding to the ACE2 receptor more tightly than SARS, resulting in COVID-19[85,86]. The ACE2 receptor is highly expressed in type 2 alveolar cells, causing pulmonary infection. However, abundant expressions of ACE2 have been found in epithelial cells throughout the GI tract, such as stomach, duodenum, ileum, and colon[14,87]. Recent studies have shown that the detailed mechanisms of digestive tract infection are referred to as direct viral invasion into target cells, dysregulation of ACE2, immune-mediated tissue injury, and gut dysbiosis caused by microbiota[14,25,87,88] (Figure 1).

Direct invasion into GI cells
It has been found that positive staining of ACE2 is rarely present in the esophageal epithelium, but ACE2 is abundantly expressed in the cilia of glandular epithelia, which is mainly distributed in the cytoplasm of the digestive epithelial cells[14]. Consistent with the findings of ACE2 staining, in COVID-19 patients, the presence of viral nucleocapsid protein has been observed in the cytoplasm of gastric, duodenal, and rectal glandular epithelial cells, apart from the esophagus[14]. Pathological examination demonstrates the presence of SARS-CoV-2 in the epithelial cells of the GI tract, leading to the detection of the viral nucleic acid in fecal samples. In addition, the proteases, including transmembrane serine protease 2, cleaves the spike protein of SARS-CoV-2 binding to ACE2, essential for virus entry into the recipient cell[8,89,90]. SARS-CoV-2 RNA is then released into the cytoplasm, and viral replication is initiated. Notably, Basigin/CD147, another host receptor of SARS-CoV-2, is present on human oocytes, blastocysts, and ocular surface[89,91], but its expression in digestive cells is not clear. However, ACE2 is generally recognized as the primary receptor of SARS-CoV-2, triggering the virus entry into the host cell.

Dysregulation of ACE2 in the intestinal epithelium
Attachment of the virus to ACE2 leads to the downregulation of ACE2, which mediates the involved signal pathways to regulate the intestinal functions[92]. ACE2 mediated dysregulation of sodium-dependent glucose transporter (SGLT) in the intestinal epithelium may be associated with the mortality of COVID-19 patients with diabetes[90]. Moreover, ACE2 regulating the renin-angiotensin-aldosterone system may be important in the pathogenesis of chronic liver disease, but direct cytotoxic damage caused by SARS-CoV-2 in the liver is still questionable[93,94]. ACE2 also exhibits a renin-angiotensin-aldosterone system-independent effect as a regulator of amino acid transport, particularly tryptophan, to regulate amino acid homeostasis in the intestine[93,94]. Thus, SARS-CoV-2 directly invades into the digestive system via binding to ACE2 or CD147 and then replicates in the recipient cells and regulates the involved signaling pathways, resulting in GI dysfunction. 

Inflammatory responses in GI cells
Previous studies have suggested that excessive host immune responses play an important role in the pathogenesis of COVID-19[14,88], similar to SARS[95] and influenza infections[96]. In early studies, higher levels of proinflammatory cytokines and chemokines in plasma are found in patients with COVID-19, resulting in a probable “cytokine storm”[97-99]. Compared with the non-ICU patients, the ICU patients have higher concentrations of proinflammatory mediators, such as IL-2, IL-7, IL-10, and tumor necrosis factor α, in plasma[97]. Another recent study has shown abnormally increased CRP and IL-6 in both COVID-19 and other pneumonia patients, but there was no difference between the two groups[98]. Moreover, from a pathological observation, the epithelium of the GI tract shows plasmacytic and lymphocytic infiltration with interstitial edema in the stomach, duodenum, and rectum, but occasional lymphocytic infiltration in the esophagus[14]. However, more evidence is needed to unify the definition of cytokine storm in COVID-19, as there is much argument about whether COVID-19 should be included in the spectrum of cytokine storm disorders.

Gut dysbiosis caused by microbiota
Both direct cytotoxic damage and dysregulation of ACE2 influence the intestinal epithelium function. However, recent studies have revealed that SARS-CoV-2 infection can alter the intestinal microbiota in COVID-19 patients, characterized by the enrichment of pathogenic microbes and opportunistic pathogens, resulting in gut dysbiosis[100-105]. As described previously, the absorption of tryptophan is associated with neurological abnormities, as it is the precursor for the synthesis of 5-hydroxytryptophan in the brain[103]. It also regulates the levels of antimicrobial peptides that affect the composition of the gut microbiota, leading to increased sensitivity to intestinal inflammation and epithelial dysfunction[106]. Thus, this viral infection might affect the homeostasis of the gut-brain axis through the intestinal microbiota[103,107]. However, further investigations are needed to clarify whether the dysbiosis is specific to SARS-CoV-2 infection or a consequence of critical illness. 

MANAGEMENT OF GI SYMPTOMS AND ABNORMAL LIVER FUNCTION 
Currently, there is no specific treatment for COVID-19, and scarce literature is available on the treatment of GI symptoms. No evidence is available on the efficacy of antidiarrheal drugs, but adequate rehydration and electrolyte monitoring may be performed in all patients with diarrhea. COVID-19 patients with diarrhea can be mostly treated with montmorillonite powder or probiotics[108]. Berberine and some other TCM have been suggested in China for the treatment of general COVID-19, but they might need further clinical trials[109]. Antibiotics and antivirals were often used for COVID-19 treatment, which could cause diarrhea and likely alteration of the gut microbiota[110,111]. However, a rapid improvement in diarrhea was also found after using antiviral therapy[4]. Intestinal microbiota played an important role in maintaining the balance of the GI microecological environment. China’s National Health Commission recommended that patients with diarrhea and severe COVID-19 could be treated by probiotics to preserve the intestinal balance and prevent secondary bacterial infections[108]. Therefore, probiotics are recommended to maintain the intestinal microecological balance; however, further evidence is needed. To date, there is scarce literature on the treatment of liver injury. Zhang et al[39] suggested that liver damage in mild cases of COVID-19 was often transient and can return to the normal level without any special treatment, and liver protective drugs were usually given when severe liver damage occurred. Unfortunately, specific medications for liver protection were not described in that study.

PRECAUTIONS FOR PREVENTING SARS-CoV-2 INFECTION
Outpatient visits and inpatient ward 
Nosocomial transmission of SARS-CoV-2 has been reported during the early stage of the COVID-19 outbreak[22]. To reduce patient aggregation and avoid cross-infection, it has been suggested to use the appointment system, time-divided diagnosis, and time-divided treatment[112]. The outpatient visits could be booked through a telephone triage[113]. Reception of inpatients could be conditional based on a negative swab for COVID-19 obtained with a drive-in procedure. Healthcare professionals and administrative staff should take suitable precautions to protect themselves, including wearing proper personal protective equipment (PPE) and should be restricted and monitored with the use of periodic swabs[113]. Significant environmental contamination by patients with SARS-CoV-2 through respiratory droplets and fecal shedding suggested that the environment was a potential medium of transmission, and environmental and hand hygiene was important[114]. The ward should strengthen ventilation and disinfect the surfaces frequently contacted by patients every day[112]. Placing patients in accommodation isolated from those without infection, hand hygiene, wearing of appropriate PPE, and thorough environmental cleaning and disinfection were demonstrated to be effective interventions in preventing the spread of SARS-CoV-2 in the hospital[115]. These measures implemented may not be universally applicable in every hospital. Nonetheless, these infection control methods were practically executed and could be referenced or modified to fit each hospital's unique condition[116,117].

Endoscopy centers
Due to the main routes of droplet and contact transmission, SARS-CoV-2 has been found in the GI secretions and asymptomatic carrier transmission, and endoscopy centers were considered to be high-risk areas for exposure to COVID-19[118,119]. All endoscopies should be considered as aerosol-generating procedures, and they can lead to subsequent airborne transmission. It was recommended to cancel non-essential endoscopic procedures, and only emergency endoscopies were permitted[83]. However, postponement of elective endoscopy conditionally in inflammatory bowel disease patients may harbor potential risks, such as increasing the risk of high-grade dysplasia and colorectal cancer diagnosis[120]. Thorough screening of incoming patients, separation of diagnostic and treatment areas, regional management, hierarchical protection, disinfection protocols, and other measures were enforced to prevent virus transmission during endoscopic treatments[121]. Hamid et al[122] suggested that fecal testing for SARS-CoV-2 should be performed in patients undergoing elective lower GI endoscopy. Pre-endoscopy COVID-19 testing has now become the norm; however, pre-procedural universal testing has some advantages and disadvantages[123]. 
Numerous guidelines, recommendations, or position statements were released by different organizations and societies worldwide, such as Asian Pacific Society for Digestive Endoscopy[124], Japan Gastroenterological Endoscopy Society[125], and Canadian Association of Gastroenterology for Endoscopy Facilities[126], to optimize the practice of endoscopy in the era of COVID-19. Teng et al[119] compared these practices regarding endoscopy during COVID-19 between different countries and shared their experiences regarding endoscopy in COVID-19. Additionally, Ang et al[127] provided guidance for the safe conduct of GI endoscopy procedures during the COVID-19 pandemic in Singapore. In order to help better the medical staff and patients while performing endoscopy during the COVID-19 pandemic, the Chinese Society of Digestive Endoscopy (CSDE) has also launched “CSDE guideline for endoscopy works during COVID- 19”[128]. Taken together, these guidelines and recommendations or experiences on endoscopy during COVID-19 can be classified into measures before, during, and after endoscopy that must be considered for both non-infected and infected patients, or prehospital management, intrahospital management, and posthospital management[118,119,127]. These management strategies in the digestive endoscopy center during the COVID-19 pandemic could be summarized into the following five aspects: Human, instruments, materials, methods, and environment[129]. As the pandemic develops in individual countries and these measures might not necessarily reflect the current state of practice, improvement in quality and safety of endoscopy continually and further protection of patients and medical staff are required in the era of COVID-19.

CONCLUSION
Nausea, diarrhea, and abdominal pain are the common GI symptoms, although the reported incidence varies widely among the patients suffering from COVID-19. GI symptoms may appear with or without respiratory symptoms. Patients with GI symptoms tend to have a longer and more severe disease and continue to shed SARS-CoV-2 virus in the stool although the virus has been cleared from the respiratory system[130]. Clinicians should avoid overlooking or underestimating GI symptoms in COVID-19 patients. The primary aim is to manage nausea, diarrhea, and abdominal pain via symptomatic treatment options along with the use of probiotics to control the occurrence of intestinal dysbiosis[131]. There are no specific symptoms and signs in COVID-19 patients. Radiologic manifestations of SARS-CoV-2 infection in the GI tract included non-specific small and large bowel wall thickening and liquid stool throughout the bowel[78]. Although it was recommended to cancel non-essential endoscopic procedures and only emergency endoscopies were permitted, endoscopic diagnosis and treatment has been served as an indispensable part in the management of severe COVID-19 cases[83,84]. In-depth exploration of the relationship between COVID-19 and the digestive system is urgently needed. The ACE2 receptor is thought to be the potential entry point in the GI tract[132]. Studies have shown that the possible mechanisms of digestive tract infection may include direct viral invasion into target cells, dysregulation of ACE2, immune-mediated tissue injury, and gut dysbiosis caused by microbiota[14,25,87,88]. The pathogenesis of digestive tract involvement is complex and needs further study.
At present, the main transmission routes of COVID-19 are respiratory droplets and close contact. Aerosol transmission can be caused by exposure to virus-contaminated objects and environments under certain conditions. Fecal-oral transmission might be possible, while tear (conjunctival) and mother-to-fetus transmission are yet to be confirmed, providing a reference basis for COVID-19 prevention and public protection[133-135]. Since GI symptoms alone are quite rare in COVID-19 patients, a routine SARS-CoV-2 stool test is not indicated, and it should be performed only in patients with negative nasopharyngeal swabs in the presence of clear imaging features indicative of interstitial pneumonia[131]. However, there is no definite suggestion on whether a routine SARS-CoV-2 stool test is needed in COVID-19 patients who were cured and had negative nasopharyngeal swabs. During the pandemic, appointment system, drive-in procedure, proper wearing of PPE, strengthening ventilation and disinfection, only emergency endoscopies, and various prevention measures (including human, instruments, materials, methods, and environment) should be enforced in the outpatient visits, inpatient ward, and endoscopy centers. Meanwhile, in the era of COVID-19, these prevention strategies should be improved continually to fit their own unique condition, including released guidelines, recommendations, position statements, or published practical experiences by different organizations and societies worldwide. Increasing evidence suggests that fecal-oral transmission and environmental contamination by COVID-19 patients should not be ignored[13,17,114,136,137]. Although additional experiments and clinical studies are required, future prevention and control measures should consider the possibility of fecal-oral transmission and environmental contamination of the SARS-CoV-2 virus.
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Figure 1 Mechanisms of gastrointestinal injuries induced by severe acute respiratory syndrome coronavirus-2 virus. ACE2: Angiotensin converting enzyme 2; GI: Gastrointestinal; SARS-CoV-2: Severe acute respiratory syndrome coronavirus-2.
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