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Introduction

The Coronavirus disease 2019 (COVID-19) is an infectious 
disease caused by the new coronavirus of severe acute 
respiratory syndrome 2 (SARS-CoV-2), single-stranded, 
positive sense, spherical RNA virus with spikes protein 
that protrude on its surface giving the appearance of a 
crown, from the Latin corona. It belongs to the large family 
of coronaviruses (CoVs) and the genus β-coronavirus [1]. 
COVID-19 can involve manifestations in the respiratory 

system, as well as other biological systems, as a intestinal 
[2]. Since its identification in late December 2019, the 
number of cases of SARS-CoV-2 infection has increased, 
reaching to date October 3, 2020 the worldwide mark of 
46.591.622 confirmed cases and 1.201.200 reported deaths 
[3]. The main symptoms evidenced in patients were fever 
(83% - 98%) and cough (68% - 82%) [4], fatigue (44% 
-75%) [5], headache (8%), myalgia (11%) [6], shortness 
of breath (31% -55%), sore throat (5%) and chest pain 
(2%) [7], being the SARS-CoV-2 transmitted by direct or 
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indirect contact. Respiratory transmission propagates, 
in direct contact, through saliva, respiratory secretions 
or in respiratory droplets, being expelled when the 
individual coughs, sneezes, sings or speaks. The indirect 
transmission is given by the contact between host and 
contaminated surfaces and objects [8-10]. Angiotensin-
Converting Enzyme type 2 (ACE2), highly expressed on 
lung alveolar epithelial cells and small intestinal epithelial 
cells, may play a crucial role in the pathogenesis of 
COVID-19 [11]. The viral spike (S) protein of SARS-CoV-2 
binds to ACE2 as a cellular receptor, leading to entry of 
the vírus in the host cell [12], bringing the gastrointestinal 
tract as a potential route of virus through of the fecal-
oral transmission and emphasizing the importance of 
maintaining hygiene [13,14]. The first confirmed case in 
the USA presented diarrhea and the fecal sample positive 
on the 7th day. Thus, gastrointestinal (GI) symptoms are 
commonly observed in patients with COVID-19, such as 
diarrhea, anorexia, nausea, vomiting, abdominal pain 
and GI bleeding. [14,15]. As the pandemic evolves, there 
is a regular influx of new insights about the COVID-19 
pathogenesis and possible routes of transmission and 
we herein discuss the gastrointestinal manifestations of 

SARS-CoV-2 infection and the related aspects. 

Methodology

For this review, we surveyed relevant articles published 
in English and Portuguese in the United States National 
Library of Medicine (PubMed) and Virtual Health Library 
(BVS) databases. The descriptors used were COVID-19; 
SARS-CoV-2; coronavirus; Angiotensin-Converting 
Enzyme 2; as well as the terms symptoms, transmission, 
gastrointestinal pathogenicity, gastrointestinal 
manifestations, hepatic manifestations, liver injury 
and fecal-oral transmission associated with COVID-19. 
Articles that did not address the topics in the title and / or 
abstract and written in languages other than English and 
Portuguese were excluded. Eligibility criteria was based 
on articles that brought information on the researched 
topics: pathophysiology, gastrointestinal manifestations, 
laboratory findings and fecal-oral transmission of the 
SARS-CoV-2 infection. Thus, 12323 articles were found, in 
which 55 are included in this review. The summary of the 
articles selection process is shown in Figure 1.

  

  

Figure 1: Summary of the articles selection process.
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Results

Pathophysiology of gastrointestinal 
manifestations

There is no consensus about how SARS-CoV-2 reaches 
the gastrointestinal tract. Some studies showed the 
similarities of SARS-CoV-2 with SARS-CoV and MERS-
CoV, such as genetic sequence, which may explain the 
similar epidemiologic and clinical features [16,17]. The 
pathophysiological mechanisms of this are multifactorial, 
although many points remain uncertain [18], and includes 
the virus attachment, receptor recognition, protease 
cleaving and membrane fusion of its transmembrane spike 
glycoprotein (S-protein) receptor-binding domain, specific 
cell receptors (ACE2), and host cellular transmembrane 
serine protease (TMPRSS) [19]. 

The main pathway that SARS-CoV-2 enters cells is through 
binding of protein S to Angiotensin-Converting Enzyme 
type 2 (ACE2) [17,20]. ACE2 receptors are expressed in 
various human cells, including epithelial cells in the lungs, 
neuronal and glial cells in the brain and cardiomyocytes 
[21]. Moreover, ACE2 has a high expressiveness in 
glandular cells of the gastric, duodenal and rectal epithelia 
and also on endothelial cells and enterocytes of the small 
intestine [17,20].  

SARS-CoV-2 also enters cells using the receptors for 
transmembrane protease serine 2 (TMRPSS2), a cell 
surface protein that is expressed by epithelial cells of 
specific tissues, such as small intestinal epithelial cells 
[22], with co-expression of ACE2 and TMPRSS2 detected 
in enterocytes and esophagus, mainly in the small intestine 
[21].

There may be several events resulting from the interaction 
of SARS-CoV-2 and ACE2. The diarrhea may be due 
the direct aggression, alteration of the ACE2 function 
and, consequently, interference in the balance of the 
gastrointestinal tract, due to the change in the intestinal 
microbiota, for example [13]. The negative regulation 
of ACE2 by the virus also may reduce the production of 
important metabolites in the regulation of intestinal 
homeostasis. Thus, there is a reduction of bacterias with 
physiological function, while pathological bacterias 
multiply [23]. 

Another possible cause of diarrhea is the host immune 
response, which is capable of causing damage to the 
intestinal epithelium, due the effects to the cytokine 
storm. [13,24]. Several studies have shown that cytokines 
and chemokines, mainly interleukin IL-2, IL-6, IL-7 and 
IL-10, in patients with COVID-19 are elevated. Besides, 
in patients with severe disease, there is a considerable 
increase in TNF-α, when compared to non-severe patients 

[6,21,25]. Furthermore, as a consequence of the alteration 
of the intestinal microbiota, activation of the Th17 response 
with the production of IL-17A may occur, which acts in the 
recruitment of neutrophils and can cause immune damage 
in the GI tract, with the presence of diarrhea and other 
gastrointestinal symptoms, for example [24,25]. Among 
the other changes noted, there is an increase in fecal 
calprotectin due to the intestinal inflammatory response 
and directly correlated with IL-6 [26]. Among patients 
with COVID-19, levels of calprotectin and IL-6 were higher 
among those who experienced diarrhea [21].

Several hepatic changes are also observed in some cases 
of SARS-CoV-2 infection and can be caused by direct 
damage to cholangiocytes and hepatocytes, as well as 
the cytokine storm causes systemic involvement of the 
organism and is identified as a possible cause [25,27]. 
The so-called gut-lung axis is also of great importance 
in intestinal symptoms during COVID-19. Pneumonia 
caused by the virus causes systemic tissue hypoxia that can 
cause changes in the intestinal microbiota, tissue damage 
(intestinal and hepatic, for example), in addition to being 
an important indicator of severity [23,27]. The high 
expression of ACE2 in bile duct cells and liver biopsies 
confirmed the potential viral route in liver tissues [28,29], 
and liver function abnormalities could be indicated by 
abnormal Alanine aminotransferase (ALT) and Aspartate 
aminotransferase (AST) concentrations, accompanied 
by slightly increased bilirubin concentrations [28]. In 
addition to the intestine-lung axis, there is the intestine-
liver axis. Thus, the alteration of the intestinal microbiota 
and the inflammatory process produce metabolites that 
are directed to the liver, through the portal vein [25]. 
Cholangiocytes have significant amounts of ACE2 and 
are targets of SARS-CoV-2 infection, their impairment 
represents another possibility of injury and impairment 
of the liver system [18,30,31]. The intestine-lung axis 
and intestine-liver axis and their relationship with SARS-
CoV-2 are illustrated in Figure 2.

Older adults and people with comorbidities are more 
vulnerable to present severe conditions of COVID-19 
[32,33]. One of the hypotheses is that the loss of microbial 
diversity is associated with aging and causes higher 
susceptibility to inflammation [21].

Gastrointestinal manifestations 

SARS-CoV-2 is a β-coronavirus that relates to Angiotensin-
Converting Enzyme 2 (ACE2), expressed in the esophageal 
epithelial cells and in the ileum and colon absorptocytes, 
which may demonstrate the digestive manifestation of 
COVID-19 [25,34] and the capacity of this coronavirus to 
infect and actively replicate in the gastrointestinal tract 
[13,35]. The mains gastrointestinal manifestations of 
SARS-CoV-2 infection are shown in Figure 3.
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Figure 2: The intestine-lung axis and intestine-liver axis and their relationship with SARS-CoV-2.

 
Figure 3: Gastrointestinal Manifestations of COVID-19. GI: Gastrointestinal; AST: Aspartate aminotransferase; ALT: Alanine 
aminotransferase.
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A study published in February 2020 with patients 
from Wuhan, China, examined 41 subjects positive for 
COVID-19 with major initial symptoms of fever, cough 
and myalgia, in addition to GI symptoms, such as diarrhea 
[6]. Interestingly, the first case of the disease in the 
United States reported nausea, vomiting and diarrhea on 
admission, after the patient returned from a trip to Wuhan, 
with RT-PCR of respiratory samples positive for SARS-
CoV-2 and, subsequently, the virus was also detected in 
fecal samples [36].

Therefore, it should be noted that the most common 
gastrointestinal manifestations associated with SARS-
CoV-2 include nausea, vomiting, abdominal pain and 
diarrhea. Gastrointestinal bleeding and changes in 
liver enzymes alanine transferase (ALT) and aspartate 
transferase (AST) have also been reported [37]. A study in 
California revealed that GI symptoms affect approximately 
31.9% of patients, with anorexia, nausea / vomiting and 
diarrhea being the most common and mildly described 
[38]. Other studies show reports of patients who presented 
with gastrointestinal symptoms as the only manifestation 
of COVID-19 [37,39], a fact that stands out the importance 
of their understanding. Furthermore, in the province of 
Zhejiang, China, it was observed that 11% of the cases 
of COVID-19 had gastrointestinal manifestations, the 
most common being diarrhea affecting about 70% of the 
patients with gastrointestinal symptoms and 8% of the 
total cases. Another important factor was the 10.8% rate 
for liver disorders with an increased level of aspartate 
aminotransferase (AST) and / or alanine aminotransferase 
(ALT) [40].

When comparing adults and children, it was noted that 
GI symptoms are present regardless of age. Yet, vomiting 
happens to be more frequent in children, while diarrhea 
and abdominal pain is found most often in adults. 
Moreover, diarrhea may be the first symptom before the 
diagnosis of SARS-CoV-2 infection [25,41]. Furthermore, 
it was observed that critically ill patients were more likely 
to have digestive symptoms when compared to non-severe 
patients [37].

In view of this, even if gastrointestinal manifestations, 
simultaneous or isolated, are not prominent, they are still 
useful for the identification of the spectrum of COVID-19. 
It is also useful as an alternative way of prevention 
and surveillance strategy, which may lead to a faster 
and efficient management, reducing spread, possible 
complications and mortality rate.

Laboratory findings

Studies show that in addition to lung and gastrointestinal 
injuries caused by SARS-CoV-2 infection, liver damage 
has also been observed [42,43]. Despite the low expression 

in liver cells of the angiotensin II-converting enzyme 
(ACE2), about 2.6% of the total number, there is a relevant 
quantity of this receptor in the bile duct cells, about 
59.7% of the total [44]. This percentage is similar to that 
of type 2 alveolar cells, which means that  infection and 
viral replication in these structures are possible [42]. The 
bile duct is responsible for the regeneration and immune 
response of the liver. Thus, the virus may possibly infect 
the bile duct cells, leading to liver dysfunction and damage 
[41].

Increased numbers of Alanine aminotransferase (ALT) and 
Aspartate aminotransferase (AST), in addition to the slight 
increase in total bilirubin and the decrease in albumin 
levels suggest these alterations [41]. Viral infection in the 
hepatic duct also leads to a storm of pro-inflammatory 
cytokines at the site, which, in laboratory findings, mean 
the continuous decrease in the lymphocytes count and 
increase in the neutrophil count [44]. In addition, there 
was an increase in the serum concentrations of IL-1β, IL-6 
and TNF -α. The use of medications during the treatment of 
COVID-19, such as antibiotics, antivirals and antipyretics, 
may also be related to liver damage, with changes in AST 
/ ALT levels [43]. All these findings were found in patients 
with advanced stages of infection.

Fecal-Oral transmission 

The resistant envelope of SARS-CoV-2, that makes able to 
resist a higher variability of adverse conditions, and the 
prolonged excretion of viral RNA in feces have been found 
in infected patients raising a possible route of fecal-oral 
transmission and retransmission through the formation of 
aerosols from infected feces, besides the chance of indirect 
contamination [45,46]. 

A study with 4,243 patients verified the presence of the 
SARS-CoV-2 RNA in 48.1% (95% CI, 38.3-57.9) of the 
individuals during the manifestation of the disease. Among 
fecal samples collected after a negative respiratory test, 
70.3% (95% CI, 49.6-85.1) were found to be positive for 
the viral RNA [15]. Moreover, was detected SARS-CoV-2 
RNA in fecal samples of 39 (53.42%) among 73 patients 
included in their studies, and the viral RNA continued to 
be detected in feces of 17 (23.29%) individuals even after 
the viral clearance in the respiratory tract [47]. Another 
study including 4805 individuals detected the elimination 
of the viral genetic material in feces of 40.5% (95% IC, 27.4-
55.1) of patients[52]48. Complementarily, a meta-analysis 
embracing 95 studies observed a prevalence of 51.8% (95% 
CI, 43.8-59.7) of positivity for SARS-CoV-2 RNA in feces 
from infected patients, and the mean permanence time 
was of 12.5 days after the obtainment of negative results 
in samples from the respiratory tract. Yet, the presence 
and persistence of the viral genetic material in feces does 
not mean that the virus has a potentially infectious status. 
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However, studies have isolated viable SARS-CoV-2 from 
cultures obtained from GIT, supporting the idea of a viral 
fecal-oral transmission [50]. Other findings that favor the 
hypothesis of a fecal-oral transmission are the observance 
of positive samples from toilets and sinks by some studies 
[12].

Some studies have shown that the SARS-CoV-2 RNA load 
in feces, right after symptoms onset, is lower than that 
observed in swabs of the respiratory tract [49]. However, 
on the respiratory site, those values decrease quicker 
than in the stool. As observed by Wu et al. patients’ fecal 
samples remained positive on an average of 27.9 after the 
onset of symptoms, 11.2 days longer than as respiratory 
samples [19]. Regarding the concentration of viral RNA in 
feces, the results of Wolfel et al. indicate a variable viral 
load, according to the day the material was collected, 
between 10³-10⁷ copies of RNA/g of fecal sample [50]. 
Nevertheless, the presence of viral RNA in feces alone does 
not point to the existence of viable viruses, a fact observed 
by several studies that, despite the detection of RNA, did 
not obtain positive cultures, except for Wang et al who of 
his 44 fecal samples with SARS-CoV-2 RNA, found viable 
viruses in 2 of the 4 samples he performed culture [51]. 

If oral-fecal transmission of SARS-CoV-2 is confirmed 
new concerns will arise such as the spread of this virus 
through wastewater, especially in developing countries 
that do not have an adequate sanitation system [52]. Is 
worth mentioning that the presence of the virus in sewers 
enables the epidemiology based on wastewater to function 
as a complementary approach to stipulate the presence 
and prevalence of COVID-19 in communities [53]. 
Furthermore, caution in handling the feces of infected 
patients and correct disinfection of the sewage in hospitals 
should be strongly recommended [54], along with 
appropriate paramentation for exams such as colonoscopy 
and physical examination itself given the risk to the health 
of professionals involved. The prolonged time of viral 
elimination in feces also demands greater attention to 
hand and sanitary disinfection, even with the respiratory 
samples being tested negative, besides the expansion of 
the isolation and discharge criteria that currently take only 
the respiratory site into account [55].

Conclusion 

Therefore, it is evident that SARS-CoV-2 infection may 
present, in addition to respiratory symptoms, with 
gastrointestinal manifestations previously or during the 
course of the disease. The ACE2 receptor seems to play an 
important role in the pathogenesis of the infection, which 
could justify the gastric and intestinal symptoms as well as 
possible liver damage, bringing such findings to the list of 
manifestations of COVID-19. Yet, the fecal-oral route has 
excelled as a possibility of transmission of SARS-CoV-2, 

especially in developing countries without adequate 
sanitation systems, being needed additional studies about 
their real role on the disease course.
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