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Abstract

The severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2) that causes
coronavirus disease-2019 (COVID-19) has provoked a global pandemic, mainly
affecting the respiratory tract; however, a percentage of infected individuals can
develop gastrointestinal (GI) symptoms. Some studies describe the development
of GI symptoms and how they affect the progression of COVID-19. In this review,
we summarize the main mechanisms associated with gut damage during infection
by SARS-CoV-2 as well as other organs such as the liver and pancreas. Not only
are host factors associated with severe COVID-19 but intestinal microbiota
dysbiosis is also observed in patients with severe disease.

Key Words: SARS-CoV-2; Gastrointestinal symptoms; COVID-19; Gastrointestinal
system

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Coronavirus disease-2019 (COVID-19) affects not only the respiratory
systems but also gastrointestinal (GI) system and function of others organs. Until now,
the mechanism of infection that severe acute respiratory syndrome, coronavirus 2 uses
is not fully known. GI symptoms are rare but had great relevance in the severity of
disease. We summarize the main known mechanisms that are associated with intestinal
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damage, and the knowledge that is had about the impact of COVID-19 on the liver and
pancreas.
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INTRODUCTION

Coronaviruses are a family of viruses that cause illnesses such as the common cold,
severe acute respiratory syndrome, coronavirus 2 (SARS-CoV-2), and Middle East
respiratory syndrome (MERS)[1]. SARS-CoV-2 is the etiologic agent of coronavirus
disease 2019 (COVID-19), designated as a pandemic by the World Health Organization
on March 11, 2020. Up to January 1st, 2021, COVID-19 has caused globally over 85
million cases[2]. The impact that COVID-19 has had worldwide on health and the
economy has been devastating since the number of deaths continues, partly because
neither we fully understand the disease nor its transmission. Moreover, there are
increasing long-term complications and sequelae after COVID-19 in some people[3,4].

The respiratory tract is the main entry route reported, and the transmission
mechanism is via large droplets containing a high enough viral load. The virus is not
motile by itself and depends on its rotational diffusivity to align its proteins (organized
in hollow spikes called "peplomers") to its targets during the infection process[5].
Infected people in most cases do not develop symptoms (asymptomatic) or have mild
symptoms such as fever, dry cough, fatigue, sore throat and/or headache,
conjunctivitis, nausea, vomiting, skin rashes, and dysgeusia; which appear 2-14 d after
being exposed to the virus[6]. It has been reported that the survival time of SARS-CoV-
2 in aerosol form is 4 h, as the virus becomes inactive at 60°C. Propagation of the
droplets in the air depends on the ventilation systems of the area where an infected
person is spreading the virus while breathing without using personal protection
equipment[7].

Additionally, gastrointestinal (GI) symptoms such as diarrhea, nausea, and
vomiting have been reported[8], yet this seems to affect only about 1%-3.8% of the
studied patients[9]. Nevertheless, the exact molecular mechanism with which SARS-
CoV-2 produces GI damage is still unknown. Therefore, this review aims to describe
the effect that SARS-CoV-2 produces in the GI tract.

MECHANISM ASSOCIATED WITH COVID-19 INFECTION IN THE Gl
SYSTEM

SARS-CoV-2 clinical manifestations include GI effects; however, there is insufficient
research on the mechanisms that allow digestive colonization by a respiratory virus.
With over 80% resemblance between SARS and SARS-CoV-2[8], several studies have
shown tropism for the GI tract, as SARS-CoV-2 RNA was detected in stool specimens
from COVID-19 patients with diarrhea, suggesting that it can be transmitted by the
fecal-oral route[10].

The viral nucleocapsid protein of SARS-CoV-2 has been found in the GI lumen in
the esophagus, stomach, duodenum, and the rectal glandular epithelial cells,
suggesting this receptor as the entry point of the SARS-CoV-2 virus in the intestinal
tract[10-12]. Also, the expression of angiotensin-converting enzyme 2 (ACE2) protein
on glandular cells of gastric, duodenal, rectal epithelia (abundantly expression), and
esophageal mucosa (less expression) was demonstrated, supporting the entry of SARS-
CoV-2 into the host cells by immunofluorescent technique[13].

ACE2 is a receptor member of the angiotensin-converting enzyme (ACE) family of
dipeptidyl-carboxypeptidase and is highly homologous to ACE1, which plays an
important role in SARS-CoV-2 infection, through a high-affinity attachment to ACE2
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receptors in human cells[11]. The primary function of ACE2 is the conversion of
angiotensin (Ang) 1 to Ang 1-9 and Ang 2 into Ang 1-7. ACE receptors participate in
cell proliferation and hypertrophy, inflammatory response, blood pressure, and fluid
balance. Specifically, ACE2 has an important role in regulating cardiovascular, renal,
and reproductive functions[10]. Besides its high expression in type II alveolar cells
(AT2) in the lungs, the GI tract also expresses ACE2 receptor, particularly in the
esophageal epithelium, glandular gastric mucosa, enterocytes, and colonocytes. ACE2
is present in the cytoplasm of the epithelial cells of the stomach and intestine and the
cilia of glandular epithelial cells[10-12].

Recent studies have shown that SARS-CoV-2 may cause digestive symptoms by
direct viral invasion of target cells and by inflammatory injury. The viral infection
process involves a series of steps: (1) A direct cytopathic effect; (2) Downregulation of
ACE2 expression with an increase of metalloproteinase action; and (3) Dysregulation
of the immune system, with over secretion of proinflammatory cytokines[14].
Plasmatic and lymphocytic infiltration with interstitial edema[10]. Figure 1 includes
more details about this process.

In general, all coronaviruses encode a surface glycoprotein and spike protein that
binds to host cell receptors ACE2 and allows virus entry. The spike (S) protein of
SARS-CoV-2 has a high affinity for human ACE2, which is the main entrance into the
cell[12]. Furin is an enzyme that can be found on the small bowel, acting as a serine-
protease that can divide the viral S-protein into two fragments: S1 and S2, allowing
them to interact with ACE2. The separation of the S-spike into S1 and S2 is essential for
the attachment of the virion to both the ACE receptor and the cell membrane[15]. S-
protein proteases, such as cathepsins, expose the fusion domain to the endosome by
acid-dependent proteolytic cleavage. Successful virus entry also requires a cellular
serine protease, transmembrane protease serine 2 (TMPRSS2)[16]. TMPRSS2 cleaves
the S protein of SARS-CoV-2 on the cell membrane, a process that is critical for the
fusion of the viral and cell membranes. Importantly, both ACE2 and TMPRSS2 become
highly expressed in the ileum and colon[16-18]. Hoffmann et al[19] demonstrated that
inhibition of the TMPSSR (the serine protease responsible for splitting the S-spike)
blocks the infection of cells by SARS-CoV-2.

After viral entry, RNA translates, and viral proteins become synthesized to form
new virions released in the GI tract[13]. Thus, leading the CD4+ T cells to reach the
small intestine, causing diarrhea and immune damage[12]. ACE2 participates in
regulating intestinal inflammation and diarrhea by being a key enzyme in the renin-
angiotensin system. It has been shown that loss of ACE2 leads to Ang 2 accumulation.
Moreover, the plasma of COVID-19 patients with severe disease presents higher levels
of interleukin (IL)-7, IL-10, granulocyte colony-stimulating factor, and recombinant
human interferon-induced protein-10, monocyte chemoattractant protein-1 (MCP-1),
macrophage inflammatory protein-1A (MIP1A), and tumor necrosis factor alpha (TNF-
a)[18]. The local inflammation could debilitate the epithelial barrier, and these inflam-
matory changes can be part of cell damage induced by viral replication and spreading
[20]. This inflammation process disturbs the gut microbiota promoting the polarization
of Th17 in the small intestine, promoting the recruitment of other immune cells such as
neutrophils, and inducing intestinal immune damage, diarrhea, and other GI
symptoms. Also, intestinal damage and gut microbiota alteration can affect the gut-
liver axis by contamination of the liver with host and microbial metabolites through
the portal vein[12].

A study by Xiao et al[13] showed that among 73 hospitalized patients, 53.42% tested
positive for SARS-CoV-2 in the stool. The duration of positive stool results ranged
from 1 to 12 d, and 23.29% of patients continued to have positive results in stool after
being negative in respiratory samples and presenting positive staining for ACE2
receptor and viral nucleocapsid protein in stomach, duodenum, and rectum biopsies.
Raising the question if COVID-19 can be transmitted by the fecal-oral route or
transmitted by aerosols generated by toilet fumes has been shown with SARS-CoV-2
[21,22]. A study conducted by Zhang et al[23] showed that 39.6% of 140 confirmed
COVID-19 patients presented GI symptoms among the most common clinical
manifestations[23]. Another study reported that 10.1% of 138 confirmed COVID-19
patients, presented diarrhea and nausea[24], furthermore, a recent report showed that
11.4% of 651 patients showed GI symptoms associated with a more severe presentation
of the disease[25]. Nonetheless, patients with SARS and MERS have reported more GI
symptoms than COVID-19 patients[26]. There has been a high concern in how COVID-
19 can affect the body with pre-existing diseases, inflammatory bowel diseases (IBD),
such as Crohn disease and ulcerative colitis.
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A study showed that immunosuppressors modulate the cytokine inflammatory
response, thus preventing a more severe manifestation of COVID-19[27]. Also, GI
symptoms derived from drug side effects of antibacterials (macrolides, fluo-
roquinolones, or cephalosporin) and antivirals (chloroquine phosphate, lopinavir, and
remdesivir) administered during illness[12].

COVID-19 patients with preexisting comorbidities such as hypertension, asthma,
diabetes, cardiovascular problems, and old age, have a higher susceptibility to inflam-
mation. Recent studies have shown that the severity of the clinical course of COVID-19
is related to inflammation and higher levels of proinflammatory cytokines[14]. Studies
show that SARS-CoV-2 rapidly activates T cells and induces the release of several
inflammatory cytokines such as granulocyte-macrophage colony-stimulating factor
(GM-CSF), interleukin 1 (IL-1), IL-6, monocyte chemoattractant protein-1, and
interferon-gamma (IFN-y). GM-CSF activates CD14+ cells, CD16+ cells, and
monocytes, increasing inflammatory cytokine levels, stepping up the inflammatory
cascade. This intense immune response causes tissue damage[28]. T cells from
peripheral blood in COVID-19 infection present high cytotoxic activity with more
cytotoxic granules, granulysin, and perforin, which shows that activated T cells could
speed up systemic inflammation[29]. Also, ACE2 expressing cells release proinflam-
matory cytokines such as MCP-1, tumor growth factor (TGF-1), TNF-a, IL-1, and IL-6
[12].

Recently, COVID-19 intestinal pathogenesis mechanisms have been proposed since
SARS-CoV-2 also might interfere with tryptophan absorption. Tryptophan stimulates
the mTOR pathway for the production of antimicrobial peptides that maintain gut
microbiota homeostasis. This process requires intestinal ACE2 to regulate the
expression of neutral amino acid transporters. Tryptophan is absorbed by factors of
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the BOAT1/ACE2 transport pathway on the lumen surface of intestinal epithelial cells.
When there is not enough niacin or tryptophan intake, there is a high risk of
developing pellagra, which eventually develops into colitis. As SARS-CoV-2 infection
competes for available ACE2 receptors, it causes tryptophan deficiency and lower
production of antimicrobial peptides[16]. COVID-19 murine models showed a
deficiency of ACE2 receptors in the colon, which increase susceptibility to inflam-
mation and colitis development due to decreased antimicrobial peptides and the
alteration of gut microbiota, finalizing with diarrhea[12,29]. However, this mechanism
needs to be proven in humans.

COVID-19 RELATED DAMAGE TO INTESTINAL MICROBIOTA

The human gut microbiota comprises 10" resident microorganisms which include
bacteria, archae, viruses, and fungi and has a key role in health through its protective
function by regulating various host physiological functions, including dietary
digestion, and imparting protective immunity against pathogens[30]. The defense
mechanism of microbiota induces alpha-defensin, secretory IgA, and some other
AMPs (antimicrobial peptides)[31], affecting innate lymphoid cells, but mainly they
affect the innate and adaptive immune system by influencing epithelial or macrophage
cell receptors, such as toll-like receptors (TLRs) or NOD-like receptors (NLRs). TLRs
are involved in normal mucosal immune system development of the intestine,
decreasing inflammatory responses and promoting immunological tolerance to the
normal microbiota components. NLRs participate in the adjustment of the IL-18 level,
the immune response, dysbiosis, and intestinal hyperplasia[32].

Healthy gut microbiota, primarily dominated by Bifidobacterium spp., Faecalibac-
terium spp., Ruminococcus spp., and Prevotella spp. Whom's alterations in the balance
between gut microbiota and the immune system, sometimes collectively called “gut
dysbiosis” are associated with infections, inflammations, allergies, colorectal cancer,
and autoimmune disease[30]. Studies have suggested that “gut-dysbiosis” might
contribute to GI symptoms by SARS-CoV-2 infection, i.e., Bacteroides dorei, Bacteroides
thetaiotaomicron, Bacteroides massiliensis, and Bacteroides ovatus, can downregulate the
expression of ACE2 during the hospitalization of COVID-19 patients[33].

Microbial dysbiosis with decreased levels of Lactobacillus and Bifidobacterium and the
abundance of Clostridium hathewayi, Clostridium ramosum, and Coprobacillus positively
correlated with the severity of the disease[33]. A study in a Chinese population
reported that intestinal infection by SARS-CoV-2 can induce the production of
proinflammatory factors such as IL-18. IL-18 is a proinflammatory cytokine produced
by multiple enteric cells, including intestinal epithelial cells, immune cells, and the
enteric nervous system, is shown increased in the serum of COVID-19 patients. IL-18
levels seem to correlate with an abundance of Peptostreptococcus, Fusobacterium, and
Citrobacter, indicating changes in gut microbiota[34].

Obesity presents changes in microbiota, dysregulation of cytokine profiles, and
higher levels of ACE2 in adipocytes[35]. As the opposite, an adequate fiber intake and
whole grains diet improves intestinal microbiome composition, reduces intestinal
inflammation markers like CRP, IL-6, and TNF-a[36]. Besides the colon and intestines,
the liver is another organ the SARS-CoV-2 could affect[29].

LIVER INJURY IN COVID-19 PATIENTS

The few reports regarding liver damage by COVID-19 come from autopsies carried out
in different hospital centers. The incidence of liver damage in patients with COVID 19
ranges from 14% to 53%[37]. Patients with elevated liver function tests were more
likely to have a moderate-high degree fever, and these elevations were significantly
more prevalent in male patients (68.67% vs 38.36%). It is important to mention that it is
difficult to define how COVID-19 generates liver damage since patients at the time of
hospitalization usually have chronic diseases such as non-alcoholic hepatic steatosis,
which increases the progression of the disease, hepatitis C such as those reported by
Schmit[20,38]. Among the biochemical indicators, there have been reports of elevated
aminotransferases approximately on the tenth day of hospitalization[39].

Patient biopsies reveal the presence of hepatocyte mitosis with acidophilic bodies,
moderate inflammation, and ballon degeneration. In the SARS virus epidemic in 2003,
a study reported the elevation of aminotransferases in a range of 300-400, and
prominent mitoses, which refers to what researchers have published in various studies
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from these pandemics. The authors assumed that the prominent mitosis was likely due
to a hyperproliferative state and cell cycle arrest[40].

Some researchers hypothesized that the direct action of the virus on liver cells
causes centrilobular, periportal necrosis without significant inflammation compatible
with acute liver damage. Also, the authors report that development of cholestasis and
a great reactive biliary proliferation as consequences of the virus are to be expected.
They further consider the possibility that the virus enters the liver through the portal
vein[38]. The definitive mechanism by which liver injury occurs in COVID-19 patients
remains unclear. There are multiple theories of the pathophysiology of the viral
infection that could explain this phenomenon: (1) ACE2-mediated direct viral infection
of hepatocytes; (2) Critically-ill status and immune-mediated injury; or (3) Drug
hepatotoxicity[11] (Figure 2).

Liver damage by COVID-19 can be clarified thanks to the severe inflammatory
response and cytotoxicity of the active replication with ACE2 receptors expressed in
the liver, especially in cholangiocytes and epithelial cells of the bile duct, which is why
the liver is also considered a target organ for SARS-CoV2 infection[41].

Fiel et al[42] found this elevation associated with pharmacological treatment with
lopinavir/ritonavir. However, a review demonstrated that aminotransferases are only
significantly elevated in severe COVID-19 cases. Drug toxicity has served as one
mechanism for COVID-19-associated liver injury, damage that is secondary and does
not make them susceptible to viral infection. However, little is known about the
incidence of hepatotoxicity of various drugs used in COVID-19. Understandably,
efforts are currently made regarding this concern. These efforts will prove important
in developing a reasonable intervention and reducing the harmful effects of drug-
induced hepatotoxicity for patients[29].

SARS-COV-2 AND THE PANCREAS

Expressed in the pancreas is the angiotensin converting enzyme 2 specifically in the
exocrine glands, and islets[43] therefore, it is susceptible to SARS-CoV-2 infection. In a
cohort of 121 patients with COVID-19 in China, 10% had increased lipase levels but
only 4% showed pancreas enlargement or dilatation in computerized tomography
(CT) scans[44].

In another cohort of 71 patients in the United States, 12% had increased lipase levels
but only 3% exceeded three times the upper normal limit. None of the patients had
abnormal pancreas images in CT scans[45]. In a cohort of 83 patients with COVID-19
in the United States, 16.8% had increased lipase levels (three times the upper limit).
Researchers have associated high lipase levels with admission to the intensive care
unit and intubation after a multivariable-adjusted model[46]. In a retrospective pooled
analysis, the pooled prevalence of hyperlipasemia was 12% and the pooled odds ratio
for severe COVID-19 was 3.143[47]. The ACE2 receptor is also highly expressed in
pancreatic islet cells[43]; therefore, SARS-CoV-2 infection can theoretically cause islet
damage resulting in acute diabetes, which associates to patients with pancreatic injury
and high blood sugar. Mechanisms by which pancreatic injury could occur include the
direct cytopathic effects of SARS-CoV-2 or indirect systemic inflammatory and
immune-mediated cell responses, resulting in organ damage or secondary enzyme
abnormalities. Antipyretics, which most of the patients in this study took before
admission, could also cause drug-related pancreatic injury[48]. However, more
information to understand the role of pancreatic injury in patients with COVID-19 is
needed.

TREATMENTS OF GI SYMPTOMS

At the current stage of the COVID-19 pandemic, several vaccines are in their last
stages of authorization for emergency use[49,50]. While full distribution will continue
as a challenge, hopes of major population immunity are coming close. Yet, until we
have a more resistant population, respiratory complications will continue as the major
symptom reported during a COVID-19 infection. Interestingly, other lesser-known
indicators that manifest, such as those of the GI which include vomiting, nausea, and
diarrhea[12,51]. Many studies have shown that vomiting and nausea can be present in
upwards of 30% and 15% of patients[12]. Interestingly enough, in a pediatric setting,
one reported case showed patients with no-respiratory affliction who were all COVID-
19 positive; all presented GI alterations. Several showed gastroenteritis, another
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patient appendicitis, and yet another, hydronephrosis[52]. As more data becomes
available, GI manifestations such as loss of appetite seem to be direct signs of COVID-
19. Counter to the GI manifestations brought about by COVID-19, several drugs used
to combat the effects of the virus have secondary side effects. Drugs like remdesivir,
hydroxychloroquine, favipiravir, ivermectin, and azithromycin can induce side effects
such as vomiting, nausea, elevated liver enzymes, weight loss, abdominal pain, and
others[53]. The Table 1 display wide information.

In addition, COVID-19 patients can present a hyper-inflammatory state, with
systemic response and cytokine storm mediated by IL-6, IL-8, and TNF-a, which can
induce platelet activation and thrombosis, also presenting endothelial dysfunction due
to direct virus damage and inflammation[54]. Heparin is used in COVID-19 patients as
prophylactic therapy to prevent thrombosis. However, heparin-induced-thrombocyt-
openia (HIT) after administering low doses may not be enough to counteract the
hypercoagulable state, leading to coagulation problems in these patients[55]. Heparin
treatment, by a direct interaction between heparin and platelets, induces platelet
clumping or sequestration. This event occurs within the first 48-72 h after starting
treatment and generates mild and transient thrombocytopenia[56]. In some cases,
thrombosis could be associated with HIT after heparin cessation[57].

In the GI system, the intestinal microbiota plays a crucial role in the correct balance
and maintenance. If unbalanced component processing becomes inefficient, direct
damage to the intestinal mucosa results in more accessible routes for viral infection[12,
58]. Studies have confirmed that probiotics can assist in this treatment; both bifidobac-
terium and lactic acid can help induce antibody production[12]. It is important to
mention that patients with severe GI symptoms require a nutritional risk assessment,
as it becomes a predictor of outcome both in the long term and the short term[59].

COVID-19 individuals presenting irritable bowel disease are of particular interest
since this condition warrants the use of immunosuppressants and steroids.
Interestingly, vedolizumab and ustekinumab do not increase the risk of COVID-19,
hence patients can continue its use safely. Yet, thiopurines, anti-tumor necrosis factor
(anti-TNF) agents, and JAK inhibitors may continue to present a risk. In mild cases, 5-
ASA and budesonide use are reasonable[53]. We should take special consideration to
outweigh the benefit against the risk for each case. Also, unless emergent, patients
should defer all surgical procedures until pandemic conditions rescind[60]. We should
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Table 1 Side effects of most common drugs during coronavirus disease-2019 treatment

Pharmacological

. . Mechanism of action Adverse effects Ref.
intervention
Hydroxychloroquine Elevated endosomal pH; Disruption of lysosome-endosome fusion. Q-T segment prolongation; [62-
Inhibition of cell-virus fusion when interacting with N-terminal domain of ~ Gastrointestinal Adverse Effects 64]
the SARS-CoV-2 peak
Chloroquine Inhibits RNA-dependent polymerases, decreases endosomal iron release Gastrointestinal adverse effects; visual and  [65-
required for DNA replication, and inhibits glycosylation of viral envelope  extrapyramidal disturbances; 67]
glycoproteins Arrhythmogenic cardiotoxicity
Remdesivir Transcription Inhibitor Caution in patients with severe renal [68]
impairment [estimated glomerular
filtration rate (eGFR) < 30 mL/min/1.73]
or severe liver disease
Lopinavir/Ritonavir Lopinavir binds to the viral protease and prevents the cleavage of the Gag- Gastrointestinal adverse effects [64,
Pol polyprotein, resulting in the production of non-infectious immature 65,68-
viral particles. Ritonavir increases the plasma concentration of lopinavir by 72]
inhibiting the metabolism of cytochrome P450 3A (CYP3A)
Ribavirin Interferes with RNA polymerase and viral protein synthesis Hemolytic anemia; Leukopenia; [68]
Teratogenic
Interferon Degradation of viral RNA; Alteration of RNA transcription; Inhibition of Worsening psychiatric conditions, [68]
protein synthesis and apoptosis cytopenia, and uncontrolled seizures
Cortocosteroids, Inhibitor of the inflammatory process Impair the immune response; Bacterial [68-
dexametasone pneumonia risk; Hyperglycemia; 70]
Osteoporosis; Hypertension
Azithromycin Bacteriostatic antibiotics; Anti-inflammatory effects Immunomodulatory QTc with the risk of arrhythmias [71,
effects 73]
Heparin Antiplatelet Risk GI symptoms; Bleeding; Heparin- [74]
induced thrombocytopenia
Favipiravir Competitive inhibitor of RNA-dependent RNA polymerase GI adverse effects; liver injury [75,
76]

SARS-CoV-2: Severe acute respiratory syndrome-coronavirus-2; GI: Gastrointestinal.

consider patients with Crohn's disease for colectomy with end ileostomy. An
important aspect to take into consideration is comorbidities, such as diabetes and
hypertension, which are exacerbators of damage in COVID-19. As expected,
comorbidities become paramount in symptom management, because of the high risk
they represent[60,61].

CONCLUSION

By now, we know that GI symptoms in COVID-19 disease such as diarrhea are related
to gut microbiota alterations that alter profile cytokines, either by SARS-Cov-2 ACE2
alterations or as a secondary effect of antibiotic and antiviral drugs employed in
treatment. However, additional research is needed for the hepatic and pancreatic
manifestations that aggravates the patient’s situation, and a deeper understanding of
the sequelae after symptoms of the disease. Until now, the knowledge that we have
mainly involves the host; however, we must not ignore the pathogenicity of the virus
and the recent variants that are currently circulating since these could in the future
serve to explain in greater detail the mechanisms involved in the intestinal damage or
with the presentation of GI symptoms that can accompany COVID-19 respiratory
disease.
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