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man cells. Coronavirus fusion with the cell membrane and in-

ternalization also depends on the interaction with the cellular 

serine protease transmembrane protease serine 2 (TMPRSS2), 

the cysteine proteases cathepsin B and L, furin and furin-like 

proteins.3 As previously observed for SARS-CoV in 2003, and 

Middle East respiratory syndrome-CoV (MERS-CoV) in 2012,4 

SARS-CoV-2 is thought to be transmitted by respiratory drop-

lets or aerosols and direct contact.5 Once transmitted to an in-

dividual, typical presentations of the infection, such as dry 

cough, headache, fever, fatigue and pneumonia, are observed.6 

However, disease transmission and, the viral target cells and 

organs are still under investigation. Interestingly, it has recent-

ly been debated that some patients present with gastrointesti-

nal manifestations, including diarrhea, nausea and vomiting. 

Some studies have also suggested that the gastrointestinal 

symptoms represent the onset manifestations of the disease.7 

Furthermore, viral RNA has been detected in COVID-19 pa-

tients stool samples8 and rectal swabs9 even when the virus is 
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diarrhea observed in COVID-19 patients. In this context, a fecal-oral transmission route has been considered and points out a 
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INTRODUCTION

In December 2019, an outbreak of coronavirus disease (COV-

ID-19), caused by the severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2), a positive‐sense single‐stranded 

RNA virus, was reported as a public health emergency of inter-

national concern.1 First described as a disease of the respirato-

ry tract, COVID-19 has rapidly spread from Wuhan, China to 

all over the world affecting more than 22 million people across 

215 countries.2

SARS-CoV-2 uses the metallopeptidase angiotensin-con-

verting enzyme 2 (ACE2) as a viral receptor to enter the hu-
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no longer found in the upper respiratory tract. These intrigu-

ing findings suggest that COVID-19 gastrointestinal symp-

toms may result from the interaction of SARS-CoV-2 with cells 

of the gastrointestinal tract as ACE2 is not only expressed in 

human alveolar epithelial cells but is also highly expressed in 

the oral mucosa,10 esophagus and stomach,11 small intestine 

and colon enterocytes.12 From this perspective, the fecal-oral 

transmission may represent an important route of virus trans-

mission. Additionally, the long-term changes that SARS-CoV-2 

infection can cause in the gastrointestinal tract in previously 

healthy patients and in those who already present gastrointes-

tinal diseases must also be considered.

ACE2 EXPRESSION AND FUNCTION 

ACE2 was first described as the human homolog of zinc me-

tallopeptidase ACE. The enzyme negatively regulates the ren-

nin-angiotensin system, which controls multiple body func-

tions by converting angiotensin II (Ang II) into its lung-protec-

tive metabolite Ang-(1-7). ACE2 is a type 1 transmembrane 

protein anchored on the cell surface with a long extracellular 

N-terminal domain, that exhibits carboxymonopeptidase ac-

tivity; a transmembrane region, and a short C-terminal cyto-

plasmic tail. The extracellular domain contains a single zinc-

binding motif, that shares about 42% sequence homology 

with the amino-terminal domain of ACE and forms the active 

site of the enzyme.13 ACE2 was also identified as the function-

al receptor for the human pathogenic coronaviruses SARS-

CoV, HCoV-NL63 (human coronavirus NL63), and the new 

SARS-CoV-2.14 It was recently demonstrated by cryogenic 

electron microscopy that SARS-CoV-2 S protein binds to 

ACE2 with 10- to 20-fold affinity when compared to SARS-

CoV.15 

ACE2 is highly expressed in many tissues, including the 

lung, heart, blood vessels, kidney, and testis (Table 1). In the 

context of COVID-19, ACE2 expression in lung AT2 cells fa-

vors airway infection and explains the high incidence of pneu-

monia in those with a severe disease course. Additional evi-

dence indicates that ACE2 and TMPRSS2 are co-expressed in 

the upper epithelial cells of the esophagus and absorptive en-

terocytes, and that this expression pattern may facilitate the 

gastrointestinal infection.16 Similarly, dipeptidyl peptidase-4 

(DPP4), the receptor that interacts with MERS-CoV S protein, 

displayed similar distribution to that of ACE2 in the small in-

testine. DPP4-expressing human intestinal cells were highly 

susceptible to MERS-CoV infection, and supported a robust 

viral replication, indicating that the human gastrointestinal 

tract may be an important site of infection.17 

Interestingly, gut ACE2 is an important regulator of amino 

acid transport. ACE2 operates as a “chaperone” for the mem-

brane trafficking of B0AT1, the main sodium-dependent neutral 

amino acid transporter found in the kidney proximal tubule 

and small intestine. It was suggested, using ACE2 knockout 

mice (ACE2 KO), that ACE2 is essential for B0AT1 expression in 

the luminal surface of intestinal epithelial cells and pivotal to its 

stabilization in the small intestine.16,18 ACE2 KO are completely 

absent of B0AT1 in the small intestine but exhibit normal ex-

pression of the transporter in the kidney.18 This particular evi-

dence suggests a tissue-specific role for B0AT1 and indicates 

that the expression and function of B0AT1 in the small intestine 

Table 1. ACE2 and B0AT1 Tissue Expression     

Protein Organ or tissue 
expression Cell type Assay Involvement with COVID-19 Author (year)

ACE2 Esophagus Epithelial cells scRNA-seq Contributes to virus spread and immunopathology
in airways and intestinal system

Zou et al. (2020)11

Intestine Enterocytes and 
intestinal villi

scRNA-seq Indicates an intrinsic susceptibility of intestine to 
SARS-CoV-2 infection and replication

Zou et al. (2020)11,
Hamming et al. (2004)10 

Oral cavity Epithelial cells RNA-seq Potential route of SARS-CoV-2 infection Xu et al. (2020)19,
Zou et al. (2020)11 

Stomach Epithelial cells scRNA-seq Potential route of SARS-CoV-2 infection Zou et al. (2020)11

Intestine Enterocytes and 
intestinal villi

Western blot Modulates the diarrhea that occurs in up to 39% 
of COVID-19 cases

Jando et al. (2017)20

B0AT1 Intestine Enterocytes and 
intestinal villi

Western blot Modulates the diarrhea that occurs in up to 39% 
of COVID-19 cases

Jando et al. (2017)20

ACE2, angiotensin-converting enzyme 2; COVID-19, coronavirus disease; scRNA, single cell RNA; SARS-CoV-2, severe acute respiratory syndrome 
coronavirus 2.     
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depends on its co-expression with ACE2 (Table 1).18 

Mutations in the gene slc6a19 which encodes B0AT1 have 

been linked to the Hartnup disorder, an autosomal recessive 

disease associated with dermatological, neurological and psy-

chiatric abnormalities due to defective amino acid absorption 

in the kidney and small intestine.21 Of note, during infection, 

Hartnup sufferers can present pellagra-like symptoms such as 

emotional instability, cerebellar ataxia, as well as diarrhea.22 

ACE2 KO present with reduced amino acid uptake associated 

with diarrhea and ulcerative colitis susceptibility;23 these, are 

frequently described in Hartnup and Pellagra patients. ACE2-

deficient mice also exhibit reduced plasma levels of trypto-

phan, altered microbiota, and increased susceptibility to ul-

cerative colitis and severe diarrhea; indicating that a defective 

intestinal tryptophan absorption favors diarrhea and intestinal 

inflammation.23

Although the knowledge of the specific mechanisms in-

volved in the gastrointestinal symptoms of COVID-19 is still 

evolving, ACE2 expression and its relevance in the gastroin-

testinal tract suggest that SARS-CoV-2 is likely to cause both 

acute and long-term gastrointestinal alterations.

CORONAVIRUS INFECTION AND GASTROINTES-
TINAL ALTERATIONS

Coronavirus infections have been frequently linked to gastro-

intestinal alterations. Diarrhea was detected in up to 10% of 

SARS-CoV-positive patients.24 Pathological studies showed 

that SARS-CoV infects not only the respiratory epithelium but 

also the surface enterocytes in the small intestine, favoring in-

testinal permeability to lipopolysaccharide and luminal bacte-

ria.25 SARS-CoV was also detected in stool specimen from pa-

tients with confirmed SARS infection for at least 26 days after 

onset of symptoms.26

Nearly a quarter of the hospitalized MERS-CoV patients of a 

large cohort study performed in Saudi Arabia (between Sep-

tember 1, 2012 and June 15, 2013), presented with gastroin-

testinal manifestations, including abdominal pain (17%), 

vomiting (21%), and diarrhea (most common symptom, 26% 

of severe cases).27 Furthermore, it was also described that the 

first MERS-CoV patient, from France, initially presented with 

fever and diarrhea and no respiratory symptoms28 suggesting 

that the gastrointestinal tract may serve as an alternative route 

for MERS-CoV infection. 

The ability of MERS-CoV to infect intestinal cells was dem-

onstrated by Zhou et al.,17 who showed that intestinal organ-

oids, small intestine explants and, human primary intestinal 

epithelial cells are highly susceptible to MERS-CoV infection 

and maintain viral replication. Human epithelial colorectal 

adenocarcinoma cells were also susceptible to MERS-CoV in-

fection.17 The same study also showed that the intragastric in-

oculation of MERS-CoV in human DPP4 transgenic mice 

causes lethality, an effect which was associated with epithelial 

deterioration and inflammation in the small intestine. The en-

teric infection and inflammation progressively evolved to re-

spiratory failure. The virus was found in stool specimens and 

although it lost its infectivity in highly acidic fasted-state gas-

tric fluid, it was resistant to intestinal fluid and to a fed-state 

condition. As other enveloped coronaviruses, MERS-CoV was 

also resistant to bile salts.17 These data suggest that the intes-

tine is an important initial site of MERS-CoV infection and 

highlight the oral-fecal route as an essential transmission 

pathway of the disease. From this perspective, it is possible to 

infer that SARS-CoV, MERS-CoV and probably SARS-CoV-2, 

are clearly not just lung pathogens. Data regarding SARS-

CoV-2 infection and gastrointestinal alterations will now be 

discussed.

SARS-CoV-2 INFECTION AND GASTROINTESTI-
NAL ALTERATIONS

Epidemiological studies indicated the presence of SARS-

CoV-2 RNA in feces of 41 (55%) of 74 COVID-19 patients even 

after hospital discharge, and 5 weeks following respiratory 

samples became negative,8 with no differences between se-

vere and non-severe clinical cases.24 In another report, 39 out 

of the 73 hospitalized patients infected with SARS-CoV-2, test-

ed positive for virus RNA in their stools for a period of 12 days; 

and 17 of the patients continued to exhibit positive stool sam-

ples after becoming negative in the nasopharyngeal tests.29

However, it is still unclear if the digestive symptoms are pri-

mary or secondary consequences of SARS-CoV-2 infection. In 

fact, diarrhea may be the first symptom before diagnosis, or 

may appear after disease confirmation, Fang et al.30 found that 

up to 49% of the patients experience diarrhea after hospital 

admission and antiviral treatment, while up to 22% of patients 

reported diarrhea before diagnosis. In addition to diarrhea, the 

gastrointestinal symptoms included, nausea, vomiting, ab-

dominal pain, anorexia, and gastrointestinal bleeding.31,32

Although beta-coronaviruses are not able to replicate out-

side of the host cell, they can survive for a long time (MERS-

CoV: 48 hours; SARS-CoV and SARS-CoV-2: 72 hours) in dried 
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surfaces at 21°C to 23°C and 40% relative humidity, and for up 

to 2 hours in aerosols.5 Data obtained from a study performed 

in a hospital in Beijing, China, during the SARS-CoV outbreak 

in 2003, revealed that the virus remains infectious for 14 days 

in sewages at 4°C and 2 days at 20°C; and that viral RNA can 

be detected even 8 days following SARS-CoV inactivation.33 

Surprisingly, an investigation in Hong Kong suggested an un-

typical viral spread between residents of an apartment com-

plex through sewer gases during the SARS-CoV outbreak.34 

Similarly, SARS-CoV-2 was also found in wastewater samples 

of various countries.35-37 In this context, some authors have 

suggested that wastewater-based epidemiology would be an 

useful tool for monitoring infectious diseases such as COV-

ID-19.38 Considering all the discussed aspects and the similar-

ity between the coronaviruses, the possibility of a fecal-oral 

transmission of SARS-CoV-2 should be considered and gas-

trointestinal alterations should be better explored. 

As mentioned before, a high frequency of gastrointestinal-

related symptoms has been observed in COVID-19 patients.39 

Clinical data from 1,099 hospitalized patients and outpatients 

infected with SARS-CoV-2 of 552 hospitals located at 30 differ-

ent provinces of China, demonstrated that up to 5% of the 

subjects present with nausea or vomiting, and up to 4% had 

diarrhea.40 In another study, 39% of 140 community‐positive 

infected COVID‐19 patients in Wuhan, China, complained of 

gastrointestinal symptoms, including poor appetite, abdomi-

nal pain, nausea, and diarrhea.41 A study conducted in the 

Zhejiang province showed that up to 11% of the patients pre-

sented with at least one digestive symptom, including nausea, 

vomiting and diarrhea.32

Interestingly, intestinal epithelial cells are susceptible to 

SARS-CoV-2 infection. Recent data demonstrated that entero-

cytes are rapidly infected by SARS and SARS-CoV-2 due to the 

presence of ACE2 and TMPRSS2 on the apical surface of 

these cells,42 suggesting a novel physiological site for viral rep-

lication and the consequent development of gastrointestinal 

manifestations, spreading of the virus from the gut to the lung, 

and transmission of the virus.43

Diarrhea stands out as the main gastric symptom among 

patients with COVID-19. Considering that SARS-CoV-2 de-

pends on ACE2 internalization to infect host cells, a possible 

loss of B0AT1 function may occur, influencing the progression 

of the gastrointestinal symptoms observed in infected individ-

uals (Fig. 1). An analysis of 31 studies and 3.335 patients, indi-

cated that up to 13% of the COVID-19 patients (random meta-

analysis effect) presented with diarrhea; of note, the preva-

lence of diarrhea in SARS-CoV and MERS-CoV individuals 

was of 12% and 23%, respectively.44 Pan et al.,45 noted that the 

Fig. 1. Mechanism suggested for diarrhea induced by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection. During 
coronavirus disease (COVID-19), SARS-CoV-2 uses the angiotensin-converting enzyme 2 (ACE2) receptor and cellular serine protease trans-
membrane protease serine 2 (TMPRSS2) for host cell entry. ACE2 is an important regulator of amino acid transport B0AT1. The interaction 
between SARS-CoV-2 and ACE2 receptor may decrease the receptor expression leading to B0AT1 disruption, influencing the diarrhea ob-
served in COVID-19 patients.
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gastrointestinal symptoms are more pronounced as disease 

outcome worsens; indeed, those with gastrointestinal symp-

toms are more likely to spend longer periods at the hospital in 

comparison with those without such manifestations. 

In severe COVID-19 cases, patients may exhibit esophagus 

ulcer, gastrointestinal bleeding, and multiple round herpetic 

erosions.24 A gastrointestinal endoscopy performed on a pa-

tient showed the presence of infiltrating plasma cells and lym-

phocytes in the esophageal squamous epithelium, accompa-

nied by interstitial edema in the lamina propria of the stom-

ach, duodenum, and rectum, but no tissue damage.29 On the 

other hand, an autopsy report showed degeneration, necrosis 

and shedding of the gastrointestinal mucosa of COVID-19 pa-

tient.46

Accordingly, an epidemiological study with severe COVID-19 

patients in Zhuhai, China, detected SARS-CoV-2 RNA in esoph-

agus, stomach, duodenum and rectum specimens of 2 pa-

tients.24 ACE2 and viral nucleocapsid protein were observed in 

the stomach, duodenum, and rectum gastrointestinal epithelial 

cells,47 and SARS-CoV-2 RNA was found in 28 fecal samples 

(66%) of 42 tested patients.8,9,29 Surprisingly, the virus isolated 

from the stool samples of severe COVID-19 sufferers were via-

ble and able to infect susceptible cells48 suggesting that the di-

gestive symptoms of SARS-CoV-2 infection may result from the 

contact of the virus with the gastrointestinal cells.

In contrast, Zang et al.49 conducted a series of in vitro stud-

ies and suggested that SARS-CoV-2 can be rapidly inactivated 

by gastric and intestinal fluids. These findings have since been 

debated as in vivo differences in human gastrointestinal fluids 

between fasted or fed-state, or even the variability of intestinal 

pH should must been considered.50 Furthermore, the authors 

did not consider the virus contact with the mucosal tissue of 

oral cavity, since it expresses high amounts of ACE2.

Although most of the studies on SARS-CoV-2 have focused 

in the adult population, some clinical reports indicate that 

children may present a distinct pattern of response. A study 

with COVID-19-positive children from Wuhan, showed that 

105 out of the 244 investigated infected children presented 

with SARS-CoV-2 in their stools. These results are quite inter-

esting as only 34 out of the 244 children exhibited gastrointes-

tinal symptoms on hospital admission.51 The authors suggest-

ed that SARS-CoV-2 detection in stool samples may not be 

due to gut infection, but it is rather related to the swallowing of 

lung mucus and catarrh. They also reinforce that a fecal-oral 

transmission remains a possibility, as the live virus is detected 

in stool samples and toilet areas. 

In this context, the identification of asymptomatic COV-

ID-19 sufferers or those with mild enteric symptoms would be 

essential to better understand the disease and to determine 

more appropriated intervention protocols to reduce health-

care-associated infection and spread of the virus.

CONCLUSION

The physiological changes caused by SARS-CoV-2 infection 

are yet to be clarified and the long-term consequences will be 

seen over time. Gastrointestinal alterations at any level may 

affect other functions of the organism. A possible fecal-oral 

transmission deserves detailed investigations and subsequent 

early clinical interventions should be implemented to avoid 

SARS-CoV-2 infection and improve disease prognosis.
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