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Abstract

:

Since it was discovered at the end of 2019; the pandemic of coronavirus disease 2019 (COVID-19) caused by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has made a serious public health threat worldwide, with over 175 million confirmed cases reported globally. Even when COVID-19 was initially considered a respiratory disease, it was actually known to be multisystemic, with gastrointestinal involvement a common clinical finding. Furthermore, COVID-19 may affect patients with gastrointestinal comorbidities, being the clinical intersectionality of utmost interest for gastroenterologists; critical care physicians and all the healthcare team taking care of COVID-19 patients. The present article presents a brief review of the reported gastrointestinal manifestations of COVID-19 disease in both previously healthy individuals and in patients with gastrointestinal comorbidities.
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1. Introduction


Discovered at the end of 2019, the pandemic of coronavirus disease 2019 (COVID-19) caused by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has become a global threat to public health, with over 243,331,864 confirmed cases reported [1,2]. Furthermore, the reported case counts underestimate the burden of COVID-19, as not all of the infections are diagnosed. Seroprevalence surveys suggest that the rate of prior exposure to SARS-CoV-2, as reflected by seropositivity, exceeds the number of reported cases by at least tenfold [3,4].



Coronaviruses are enveloped, positive-stranded RNA viruses. Among them, SARS-CoV-2 is a Betacoronavirus in the same subgenus as the severe acute respiratory syndrome (SARS) virus and some bat coronaviruses, but in a different clade [5].



The host receptors for SARS-CoV-2 cell entry includes the angiotensin-converting enzyme 2 (ACE2). SARS-CoV-2 binds to ACE2 through the receptor-binding domain of its spike protein. The cellular protease TMPRSS2 also plays a role in the SARS-CoV-2 cell entry [6,7].



The kidney injury molecule-1 (KIM1), upregulated upon kidney injury, binds to the receptor-binding domain (RBD) of SARS-CoV-2 facilitating its attachment to cellular membranes, with the immunoglobulin variable Ig-like (Ig V) domain of KIM1 having an important role in its recognition. Higher levels of KIM-1 are associated with more severe COVID-19 disease, but the clinical significance of KIM-1-RBD interaction is yet to be fully understood [8,9,10].



The clinical spectrum of COVID-19 disease varies widely, from asymptomatic infection to multiple organ failure, with lethality rates depending on the characteristics of the studied population. It is estimated that at least one-third of SARS-CoV-2 infections are asymptomatic, and nearly three-quarters of the patients with a positive PCR test but no symptoms at the time of diagnosis remain asymptomatic. However, the definition of “asymptomatic” varies across studies, depending on which specific symptoms were assessed [11].



Among symptomatic cases, the spectrum of disease ranges from mild to critical illness; most cases not been severe.




	
In a report from the Chinese Center for Disease Control and Prevention (CDC) including about 44,500 confirmed infections, mild disease was reported in 81% of patients. Severe disease (e.g., dyspnea, hypoxia, or >50 percent lung involvement) was reported in 14%. Critical disease was reported in 5%, and the overall case fatality rate was 2.3%, with no deaths among noncritical patients [12].



	
Out of 1.3 million cases reported to the United States Centers for Disease Control and Prevention (CDC) through the end of May 2020, 14% of patients were hospitalized, 2% were admitted to the intensive care unit, and 5% died [13].








Nonspecific symptoms (such as cough, myalgias and headache) are the most commonly reported clinical presentation for mild disease, and pneumonia the most common presentation for moderate and severe disease [14]. However, gastrointestinal symptoms and complications may be found all along the clinical spectrum of COVID-19 disease [13].



In a Chinese retrospective study including 651 confirmed COVID-19 cases, 11.4% of patients presented with at least one GI tract symptom (nausea, vomiting or diarrhoea). Increased AST, but not ALT, was significantly higher in patients with GI symptoms. Finally, although the most common radiographic presentations were similar between patients with and without GI symptoms, the rate of unilateral pneumonia was 12.16% in patients with GI symptoms [15].



In the aforementioned study, 22.97% of patients with severe/critical COVID-19 presented with GI symptoms, and increased LDH/glucose levels were the independent risk factors for severe/critical COVID-19 in patients with GI symptoms [15].



A systematic review and meta-analysis reported pooled detection rates for diarrhoea, nausea or vomiting and liver function tests abnormalities and a positive SARS-CoV-2 faecal test. There were 23 published and 6 preprint studies (a total of 4805 patients); 7.4% (95% CI 4.3–12.2%) reported diarrhoea and 4.6% (95% CI 2.6–8.0%) nausea or vomiting. 20% (95% CI 15.3–25.6%) had abnormal AST values and 14.6% (95% CI 12.8–16.6%) an ALT outside the normal range [16].



In the following sections, a brief review of organ-specific involvement in both previously healthy patients and those with gastrointestinal-comorbidities will be reviewed. In Figure 1, GI involvement mechanisms and clinical findings in COVID-19 disease are briefly summarized.




2. Upper Gastrointestinal Tract


Single-cell RNA-seq data analysis of ACE2 expression has revealed the differential risk of human organs regarding vulnerability to SARS-CoV-2 infection; more than 1% of ACE2 positive oesophagus epithelial cells has been found, and the esophagus can thus be regarded as high risk. By contrast, gastric and liver cells showed <1%ACE2 positive cell expression levels [17]. ACE2 expression is elevated in the lung and trachea of diet-induced obese male mice and reduced at the oesophagus of obese female mice when compared to lean controls [18].



Even if oesophageal symptomatologies directly attributable to the SARS-CoV-2 infection have not been reported, heartburn is common, (as in the general population) and requires a standard treatment with proton pump inhibitors (PPIs) or H2 receptor antagonists (H2RAs). A plausible benefit with famotidine in COVID-19 patients who were taking famotidine for acid-related reflux prompted a small study that reported an improved clinical course in COVID-19 patients [19].



On the other hand, the impact of acid suppression on SARS-CoV-2 is unknown; previous data revealed that pH ≤3 impairs the infectivity of the similarly severe acute respiratory syndrome coronavirus 1. An online survey that included 53,130 participants found evidence of an independent, dose-response relationship between the use of antisecretory medications and COVID-19 positivity [20].



There is scarce information on the prognostic implications of bariatric surgery history in people living with obesity in the current COVID-19 pandemic [21]. In a study that included 738 post-bariatric surgery patients, COVID-19-likely events occurred in 8.4% of patients, with 6.4% of them having severe COVID-19 requiring in-hospital treatment and a 1.6% fatality rate. Persistent type 2 diabetes and higher percent weight loss since bariatric surgery were associated with hospitalization rates [22].




3. Pancreatic Involvement


Pancreatic injury, defined as abnormal amylase or lipase levels, has been reported to be found in 17% of patients with COVID-19 pneumonia. Being the ACE2 receptor highly expressed in pancreatic islet cells, it is plausible that SARS-CoV-2 exerts direct cytopathic damage-mediated pancreatitis; it is, however, impossible to discard indirect systemic inflammatory and immune-mediated cellular responses, as well as drug-related pancreatic injury, especially considering that most cases are mild and without radiologic abnormalities [23,24].




4. Gallbladder and Biliary


Given that ACE2 levels are high in the bile ducts and gallbladder epithelial cells [25], it is feasible that direct cytopathic damage, hypoxia, secondary inflammatory damage and thrombosis are responsible for gall bladder and biliary tract involvement, including late cholestasis and acute acalculus cholecystitis gangrenous cholecystitis [26,27].




5. Liver Involvement


ACE2 in the liver is highly expressed in the endothelial layer of small blood vessels, and is highly expressed in cholangiocytes, (59.7%) but its expression is much lower in hepatocytes (2.6%) and it is not expressed in the sinusoidal endothelium, Kupffer cells, or T and B. lymphocytes [28]. Just as in the case of any other extrapulmonary involvement in patients with COVID-19, liver injury may be the result of the interaction of multiple factors, including direct cythopathic damage, inflammation, ischemia, thrombosis, drug-related adverse events, and pre-existing organic damage.



Histopathologic changes reported in post- mortem liver biopsies from COVID-19 patients include: [29,30].




	
Moderate microvesicular steatosis.



	
Mild inflammatory infiltrates in the hepatic lobule and portal tract.



	
Mild sinusoidal dilatation.



	
Focal macrovesicular steatosis.



	
Mild lobular lymphocytic infiltration, which was not significant in portal areas.








Also, liver biopsies from live patients with COVID-19 had revealed mild to moderate lobular lymphocytic inflammation, a ballooning in hepatocytes, apoptosis, and, most prominently, high mitotic figures indicative of a rapidly proliferative state [31].



In patients with pre-existing liver damage (i.e., chronic hepatic failure, cirrhosis), respiratory tract infections increase hospital admission rate by a factor of 40, with a 2.95-fold increase in 30 day mortality rates for ambulatory patients and an 11-fold increase of the in-hospital death rate.



Two combined international registries on COVID-19 patients with liver disease (named SECURE-Cirrhosis and COVID-HEP registries), had reported, up to June 2021, 1588 COVID-19 cases of COVID-19 in patients with chronic liver diseases and liver transplant. (772 with cirrhosis and 281 liver transplant recipients) [32,33,34].



Mortality among cirrhotic patients with COVID-19 is reported to be 32%, with age, higher Child-Pugh and alcohol-related liver disease associated with higher death rates [35]. There were no differences in rates of major outcomes between patients with autoimmune hepatitis (AIH) and non-AIH CLD, including hospitalization (76% vs. 85%), ICU admission (29% vs. 23%), and death (23% vs. 20%). Factors associated with death within the AIH patients included age and Child-Pugh class B and C [36].



Liver transplant recipients did not differ from non-transplanted patients in hospitalization rates, but had high ICU admission (28%) and mechanical ventilation (20%) rates, with no differences in mortality rate (19%). Serum creatinine concentration and non-liver cancer were associated with death among liver transplant recipients [37].



The prognostic significance and expected clinical course of viral hepatitis and COVID-19 coinfection remains to be fully described:




	
A significant increasing trend in COVID-19 mortality rates by HAV susceptibility has been described. The immunity of children against HAV (a virus with similar taxonomy to coronaviruses), acquired either by vaccination in developed countries or by infection in underdeveloped countries, may have contributed to this protection. The loss of immunity to HAV as the result of aging may have led to an increased COVID-19 morbidity in the elderly [38].



HAV replication occurs in hepatocyte cytoplasm, thus hepatocellular damage is mediated by direct cytotoxicity. Interferon-gamma (IFN-γ) has a key role in the clearance of HAV of infected hepatocytes. On the other hand, the HAV vaccine is highly immunogenic, inducing seropositivity in 97% of adults after the second dose. The HAV vaccine causes specific proliferation of mononuclear cells in peripheral blood and the release of IFN-γ, thus making it possible that the immune response caused by the HAV vaccine might be protective against COVID-19 infection by an adaptive immunity cross-reaction [39].



	
As HBV infection can alter innate immune responses, and uncontrolled innate responses and impaired adaptive immune responses caused by the COVID-19 disease may generate tissue damage, it is plausible that co-infection of SARS-CoV-2 and HBV may synergistically cause disturbances of the immune function and that of the liver.



In a retrospective study, Lin et al. reported higher rates of abnormal liver function test in tCOVID-19 positive- HBV inactive carriers compared to their non-HBV carriers counterparts [40]. Similarly, Zou reported higher incidences of liver function test abnormalities among chronic HBV carriers with COVID-19 disease. Among HBV- COVID19 coinfected hospitalized patients, 13.33% developed liver injury; 71.43% recovered after eight days and 28.57% rapidly progressed to acute-on-chronic liver failure; patients with liver injury are more likely to have severe illness, higher incidence of complications and mortality [41].



On the other hand, among patients with chronic HBV infection, Liu et al. reported no statistically significant differences in the median time to SARS-CoV2 clearance or progression to severe COVID-19 disease, but three out of 19 patients presented HBV reactivation. Diffuse ballooning degeneration, necrosis of isolated hepatocytes, periportal fibrosis, few inflammatory cells infiltrating the portal tract, positive HBsA and negative hepatitis B core antigen immunohistochemistry were the main histopathological findings [42].



	
In a retrospective analysis of the Electronically Retrieved Cohort of HCV Infected Veterans (ERCHIVES), testing rates for SARS-CoV-2 among HCV positive patients was found to be only 8.3%, with 6.2% of tests being positive.



HCV positive persons with SARS-CoV-2 coinfection were more likely to be black, have a higher body mass index, diabetes or stroke, with no apparent association between liver fibrosis and infection rate [43].



Even when prolonged RNA detection among non-hospitalized COVID-19-HCV coinfected patients has been reported [44], and COVID-19-HCV coinfected patients have higher hospitalization rates, there are no differences in ICU admission and mortality rates between patients with and without HCV [45].









6. Gut Involvement


There are at least two different physiopathological ways in which the gut may affect clinical outcomes in COVID-19 disease:




	
Ileal epithelial cells have high ACE2 expression rates (~30% ACE2-positive cells). [17] COVID-19 leads to the infection of ileal cells followed by expression of the viral nucleocapsid protein, meaning SARS-CoV-2 may spread from infected to uninfected cells in the GI tract, generating mucosal immune cell activation.



	
Viraemia following lung infection may occur in approximately 1% of cases, leading to a secondary attack of SARS-CoV2 on ACE2 target organs, including the gut and kidney [46].



	
Crosstalk between gut microbiota and the lungs contribute to maintain host homeostasis and disease development in association with the immune system, where the distal (gut) immune modulation during respiratory illness is mediated by gut microbiota. Similarly, lung microbiota influences both respiratory and gastrointestinal health [47]. This gut-lung interaction (gut-lung axis) may influence COVID-19 severity [48,49].



On the luminal surface of intestinal epithelial cells, ACE2 associates with the neutral amino acid transporter B0AT1 and regulates intestinal microflora. SARS-CoV-2 infection of the GI tract itself alters the levels of ACE2 at the brush border, leading to dysbiosis and inflammation [50].








Multiple studies, (meta-analysis included) have reported a positive impact of different probiotics on diminishing the incidence of respiratory tract infection in different clinical scenarios, including viral respiratory tract infections and ventilator-associated pneumonia, but the fact that not all of the probiotics may be beneficial in the same way and extent to reduce the risk of respiratory infection should be noted [51].



Even when the mechanisms by which probiotics may contribute to improve clinical outcomes in COVID-19 patients have already been described, and include enhancement of the gut epithelial barrier, competition with pathogens for nutrients and adhesion sites, production of anti-microbial substances and immunomodulation [52,53], the exact timing, contraindications and expected clinical benefits of probiotic administration in COVID-19 patients remains to be proved in randomized clinical trials.



In persons living with Inflammatory Bowel Disease (IBD), specific risk factors for developing COVID-19 are yet to be determined. As GI tract permeability may be higher in IBD patients with higher expression of ACE2 in the inflamed bowel, there is a theoretical increased risk of SARS-CoV-2 infection via the gut, but there is no current evidence of increased infection rates or worse clinical outcomes of COVID-19 in persons living with IBD; the reported incidence of COVID-19 in the IBD population in a pooled cohort was approximately 0.3% [54,55].



Medications used in the management of IBD may increase the risk of respiratory tract infections to varying degrees. However, theoretically, there may also be some benefit with certain immunosuppressive medications by reducing the occurrence of a cytokine storm resulting in ARDS [56,57].



By contrast, Burgeño et al. reported that expression of ACE2 and TMPRSS2 was not higher in ileum and colon samples from IBD patients. Furthermore, anti-tumor necrosis factor drugs, vedolizumab, ustekinumab, and steroids were linked to a diminished expression of ACE2 in IBD patients [56,57].



Surveillance Epidemiology of Coronavirus Under Research Exclusion for Inflammatory Bowel Disease (SECURE-IBD) is a large, international registry created to monitor outcomes of IBD patients with confirmed COVID-19. Among 1439 registered cases, 7.8% had severe COVID-19. Using anti-TNF monotherapy as a reference arm, thiopurine monotherapy and anti-TNF plus thiopurine combination therapy were associated with worse clinical outcomes. Any mesalamine/sulfasalazine compared with no mesalamine/sulfasalazine use was associated with an increased risk. Interleukin-12/23 and integrin antagonists were not associated with a significantly different risk than TNF antagonist monotherapy [58].



However, it may not be advisable to withdraw thiopurines in younger adults without additional risk factors for poor COVID-19 outcomes. In older and higher-risk patients, the totality of risk and benefit of thiopurine therapy should be considered, taking into account not only COVID-19 but also well-known risks such as lymphoma, as well as the significant risk of disease flare on withdrawal of thiopurine monotherapy and an increased risk of immunogenicity and hence drug failure where patients are on combination therapy [59].



The incidence of surgical abdomen in COVID-19 patients remains to be described. SARS-CoV2-nduced mucosal injury, hyper-immunity and over-inflammation leading to hypercoagulability and regional ischemia of the gut may lead to different surgical-like clinical presentations, including diffuse acute abdominal pain, enteritis, pseudoappendicitis, appendicitis, and acute mesenteric ischemia [60,61,62,63,64]. Even when COVID-19 has been reported to be associated with intussuception and mesenteric lymphoid hyperplasia (most commonly in children), it has also been reported in adults and must be taken into account in adult patients [65,66,67].



Even when discarding abdominal surgical pathology must be a priority in patients presenting with acute abdominal pain, it should be remembered that COVID-19-related lung base abnormalities, including peripheral and subpleural ground-glass opacities with nodular configuration, may present clinically as abdominal pain [68,69].




7. Vaccine-Related Gastrointestinal Symptoms


Even when the available COVID-19 vaccines offer very good safety profiles, a variety of gastrointestinal adverse events have been described and must be taken into account (Table 1):




	
Among patients who received COVID-19 mRNA vaccines, gastrointestinal adverse events were the third most common type of adverse events after immunization, being reported in 25.54% of patients. Among the gastrointestinal symptoms, nausea represented 56.41% of symptoms, followed by vomiting (14.7%) and diarrhea (14.13%) [70].



	
Regarding the Ad26.COV2.S vaccine, nausea was the third most common systemic adverse effect, being present in 14.2% of patients [71].









8. Conclusions


Even when respiratory symptoms remain the most common clinical presentation, the multisystemic nature of COVID-19 disease must be always considered. In particular, gastrointestinal manifestations must always be intentionally sought and documented.



The interaction between viral receptor expression patterns, direct cytopathic injury, inflammatory damage, ischemia, multiorganic crosstalk, therapeutic maneuvers and pharmacologic effects give place to a wide range of clinical presentations.



In patients with gastrointestinal comorbidities, a careful monitoring of baseline pathologies and drug-related toxicities and interactions must be closely surveilled, given that the exact expected prognostic significance of the intersectionality of COVID-19 disease and different gastrointestinal pathologies remains to be fully understood.



Information regarding the long-term prognostic implications of gastrointestinal manifestations remains to be described, as well as the expected gastrointestinal manifestation in the clinical course of a second or a post-vaccination COVID-19 episode.



Until now there has been no specific and effective antiviral treatment for SARS-CoV2; consequently, pharmacological management of gastrointestinal manifestations of COVID-19 remains largely symptomatic: cautious use of anti-emetics to prevent QT prolongation, especially in patients taking chloroquine or azithromycin, may be used to treat nausea. Hydration and racecadotril may be used to treat diarrhoea (this being preferred over loperamide). The specific recommendations for probiotic use in COVID-19 patients, as well as the clinical safety of PPI use in the face of COVID-19 pandemics, remains to be described [76,77].
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Abbreviations




	COVID-19
	Coronavirus disease 2019.



	SARS-CoV-2 
	severe acute respiratory syndrome coronavirus 2.



	SARS
	Severe Acute Respiratory Syndrome.



	ACE2
	Angiotensin-converting enzyme 2.



	TMPRSS2
	Transmembrane protease, serine 2.



	KIM1
	kidney injury molecule-1.



	RBD
	Receptor-binding domain.



	CDC
	Center for Disease Control and Prevention.



	Ig
	Immunoglobulin.



	IgV
	Immunoglobulin variable.



	ALT
	Alanine Aminotransferase.



	AST
	Aspartate Aminotransferase.



	GI
	Gastrointestinal.



	PPIs
	proton pump inhibitors.



	H2Ras
	H2 receptor antagonists.



	AIH
	autoimmune hepatitis.



	CLD
	chronic liver disease.



	ICU
	intensive care unit.



	HAV
	Hepatitis A virus.



	HBV
	Hepatitis B virus.



	HCV
	Hepatitis C virus.



	IFN-γ
	Interferon-gamma



	IBD
	Inflammatory Bowel Disease.



	ARDS
	Acute respiratory distress syndrome.



	TNF
	Tumoral necrosis factor.
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Figure 1. Gastrointestinal involvement in COVID-19 disease: After SARS-CoV-2 -host interaction with host’s ACE2, KIM-1 and/or KIM-1, clinical findings result from infection of epithelial cells, inflammation, (including immune cells activation and/or cytokine storm) and secondary damage including ischemic insult. ACE2: Angiotensin-converting enzyme 2. TMPRSS2: Transmembrane protease serine 2. KIM1: kidney injury molecule. AKI: Acute Kidney Injury. MOF: Multiple Organ Failure. TNF: Tumoral necrosis factor. 
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Table 1. Gastroenterological consideration for clinical practice in COVID-19 patients.
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	Epidemiological risk.
	Questions remain regarding fecal-oral transmission.

SARS-CoV-2 RNA can be detected in the endoscopic specimens from the oesophagus, stomach, duodenum and rectum [72].

Substantial amounts of SARS-CoV-2 RNA can be detected in stool specimens from COVID-19 patients [73].

SARS-CoV-2 RNA has been detected in the sewage of hospitals treating patients with SACOVID-19 disease and the virus remained infectious up to 2 weeks in sewage water [74].



	Diagnostic procedures
	COVID-19 could possibly be transmitted by endoscopes; theoretically due to contact with mucous membranes and body fluids.

GI societies have advocate for rescheduling non-urgent procedures and perform only emergent or urgent ones.

Pre-endoscopy screening was initially recommended; upgraded guidelines state that, with widespread vaccination of health care workers and the general population, pre-endoscopy screening may not always be necessary, and placed a high value on minimizing additional delays in patient care [74,75].



	Current medication history
	Plausible clinical benefit with famotidine in COVID-19 cases [19].

Impact of acid suppression on risk for COVID-19 is unknown so far [20].

Immunosupression schedule in patients with IBD must be reassessed on a personalized basis [55].



	Expected clinical course among patients with known comorbidities.
	Among patients with bariatric surgery history and COVID-19 disease 1.6% fatality rate.

Persistent type 2 diabetes and higher percent weight loss since bariatric surgery are associated with severe COVID-19 [22].

Mortality among patients with COVID-19 and cirrhosis has been reported to be 32%, being older age, higher Child-Pugh and alcohol related liver disease the main factors associated with death [35]/

Similar hospitalization rates, ICU admission and death between patients with AIH and non-AIH CLD [36].

Among persons living with chronic HBV infection, it has been reported that there is no statistically significant differences in the median time to SARS-CoV2 clearance or progression to severe COVID-19 disease [42].

COVID-19-HCV coinfected patients have been reported to have higher hospitalization rates, but ICU admission and mortality are similar between those with and without HCV infection [45].

No current evidence of increased infection rates or worse disease severity of COVID-19 in IBD patients [54].
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