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Abstract: The gastrointestinal (GI) tract may be a significant entrance or interaction site for SARS-CoV-
2; therefore, the gut mucosal immune system participates in virus interaction as a first-line physical
and immunological defense, leading to GI involvement and symptoms. This review focuses on the GI
symptoms associated with SARS-CoV-2 infection while providing specific results on variant-specific
signs and syndromes related to coronavirus disease 2019 (COVID-19). The pattern of symptoms
changed during the virus evolution, since the data provided a current and thorough picture of the
symptoms experienced by SARS-CoV-2 infected people, and variations in symptom patterns occurred
as the Alpha, Delta, and Omicron variants have spread. Since the beginning of the pandemic, GI
symptoms have been linked to SARS-CoV-2 infections, even though most infected people do not
report them. For example, diarrhea (28.2%) was the most frequently reported GI symptom in the
early phase of the pandemic. The most observed GI tract symptoms during COVID-19 were anorexia
(loss of appetite), nausea, vomiting, diarrhea, and abdominal pain, usually in at least one-third of
the patients. Mesenteric ischemia and GI bleeding were less observed but more severe. While GI
symptoms are not associated with increased mortality, they complicate the disease, increase the
duration of the illness, and result in worse outcomes. Nevertheless, it is accepted that symptoms
between variants differ significantly, i.e., the Omicron variant causes milder COVID-19 than the
Delta. Still, the rate of GI symptoms has declined in the following variant-dominated phases of the
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pandemic (Alpha: 19.4%, Delta: 17.9%, Omicron: 13.8%), which was also demonstrated for other GI
signs associated with COVID-19.

Keywords: COVID-19; SARS-CoV-2; variant-specific; Alpha; Delta; Omicron; gastrointestinal
symptoms; diarrhea; loss of taste; nausea; abdominal pain

1. Introduction

In late November 2021, South Africa reported the latest variant B.1.1.529 of severe
acute respiratory syndrome virus 2 (SARS-CoV-2) to the World Health Organization (WHO).
Compared to the other SARS-CoV-2 variants, the new variant has a higher risk of infection,
spreads faster, and has been named “Omicron” by the WHO [1]. Since then, the omicron
variant BA.1 has spread rapidly worldwide, displacing the previously dominant delta
variant. In addition, other variants evolved and spread: Omicron BA.2, which has 1.4 times
the effective reproduction number of the mutant BA.1, with vaccine-induced immunity
being primarily ineffective, and then two other sub-variants, BA.4 and BA.5, replaced
BA.2 as the dominant strains in South Africa in early May 2022, and their transmission
ability increased [1–3].

Menni et al. demonstrated that other organ complications, such as gastrointestinal
problems (GI), were uncommon in the last virus variants. However, because the GI tract
may be a significant entrance or interaction site for SARS-CoV-2, the gut mucosal im-
mune system participates in virus interaction as a first-line physical and immunological
defense [2]. Additionally, GI involvement and symptoms have been associated with poorer
clinical outcomes in COVID-19 patients [4].

A prominent feature of SARS-CoV-2 is that it is a mucosal pathogen that infects human
respiratory epithelial cells and the GI tract by latching to angiotensin-converting enzyme
2 (ACE-2) receptors through the spike (S) receptor-binding domain. Therefore, mucosal
immunity is essential for sufficient and long-term viral protection [5].

Moreover, the GI system is a common entry point for SARS-CoV-2. After exposure, the
virus disturbs the mucosal immune system, but further studies are needed to understand
all the intimate immunological mechanisms and processes in the gut mucosa, where the re-
cruitment of immune cells such as neutrophils, dendritic cells, macrophages, and T cells are
involved in the immune responses. The mucosal inflammatory response, on the other hand,
may alter the intercellular space between enterocytes, increasing intestinal permeability
and allowing numerous bacterial antigens and toxins to enter the bloodstream, aggravating
COVID-19 [6]. Along with the observed gut inflammation, Ojetti et al. investigated the role
of fecal calprotectin during COVID-19 [7]. The authors speculated around the hypothesis
that high levels of calprotectin released by neutrophils in the gut in patients with COVID-19
pneumonia are markers for severe disease. Although fecal calprotectin is a marker useful
in diagnosing mainly inflammatory bowel disease, it could also be helpful in other GI or
rheumatic conditions [8,9].

However, elevated fecal and serum calprotectin in COVID-19 are inconsistent with the
presented GI symptoms. A recent article mentioned a correlation between fecal calprotectin
and Intensive Care Unit (ICU) admission. Although the elevation of the inflammatory
marker was not associated with GI symptoms, the unwanted outcome in disease progres-
sion was reciprocal to high serum and fecal calprotectin levels. The same article implied that
the negative PCR stool samples prove that direct invasion of SARS-CoV-2 was unnecessary
for the appearance of GI symptoms in patients. Perhaps the elevation in fecal calprotectin
levels resulted from immune response and recruitment of immunocompetent cells in the GI
tract rather than marking inflammation. Fecal calprotectin could be a predictive marker for
disease severity in patients with SARS-CoV-2 infection. Furthermore, its role as a marker of
severity should be investigated in more studies [10].
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Limited intestinal inflammation despite diarrhea, fecal viral RNA, and SARS-CoV-2-
specific IgA was found in patients with acute COVID-19. On the contrary, another scientific
report (2021) stated that fecal calprotectin was not associated with disease severity or stool
sample viral load. However, cytokine levels in SARS-CoV-2 infected patients and healthy
controls differed significantly. For example, IL-23 and IL-8 were significantly higher in
severely ill patients, but the regulatory cytokine IL-10 was lower in COVID-19 patients.
Again, the cytokine concentration did not correlate to GI symptoms except for increased
fecal IL-6 and TNFα levels in COVID-19 patients with leading GI manifestations. No
remarkable difference between the two groups was documented for IL-1β, IL-1ra, IL-6,
IL-8, IL-17, and TNFα fecal levels [11].These observations also lead to the possibility of
discovering mucosal COVID-19 vaccines that would be administered intranasally or orally
to provide adequate immune protection and avoid severe disease and death. Specific
mucosal vaccines targeting coronavirus antigens could be an option for preventing future
pandemics [12]. However, the mucosal vaccine data are still scarce, and it is unknown
whether they would significantly decrease GI involvement during COVID-19.

Nevertheless, considering the vulnerability of patients affected by immune-mediated
and autoimmune GI and liver conditions (i.e., inflammatory bowel disease, autoimmune
hepatitis, GI stromal tumors, etc.), vaccination of these populations has proven its efficacy
and safety in adults and children [13–15].

2. COVID-19, Mucosal Involvement and GI Symptoms

Typical clinical symptoms of fever, dry cough, fatigue, sputum production, and dysp-
nea accompany COVID-19. Although the main symptoms that characterize the disease are
respiratory, other extrapulmonary manifestations, such as GI, neurological, renal, hepatic,
cardiovascular, endocrine, dermatological, etc., have been reported [16]. Among the GI
symptoms, anorexia (loss of appetite), nausea, vomiting, diarrhea, and abdominal pain
were the most common. Less observed but more severe were mesenteric ischemia and GI
bleeding. It should be mentioned that GI symptoms complicate the disease, increase the
duration of the illness, and result in worse outcomes [17].

As mentioned above, the entrance of SARS-CoV-2 in the host cells has been described
in two ways. The first way is by ACE-2 receptor-mediated endocytosis, and the second
is by ACE-2 receptor plus transmembrane peptidase/serine subfamily member 2/4 (TM-
PRSS2/4) membrane fusion [18]. The ACE-2 receptors are abundant in most GI organs [19].
Their primary function is converting Angiotensin I to Angiotensin (1–9) and Angiotensin II
to Angiotensin (1–7), promoting anti-inflammation [20]. Wiese et al. hypothesized many
mechanisms for how SARS-CoV-2 could affect the renin-angiotensin system (RAS) via
employing ACE2 receptors. Stimulation of the classical pathway, which controls blood
pressure, could explain some of the symptoms associated with COVID-19. Moreover, it
is assumed that COVID-19 may suppress a protective RAS mechanism, leading to over-
stimulated classical renin–angiotensin–aldosterone pathways and biochemical and clinical
alterations [21].

Moreover, ACE2 receptors are responsible for the uptake of dietary amino acids, thus
regulating antimicrobial peptides and preserving a healthy GI microbiome [22]. Host
infections usually lead to the downregulation of the ACE-2 receptor activity. Therefore,
direct inflammatory damage to enterocytes and a change in the normal function of the
intestinal microbiome could be observed [23,24]. The disbalance of the gut microbiome
leads to further inflammation and a series of immunological processes that are not limited
to the GI system but also affect the respiratory tract [25]. The GI and respiratory systems
have their own microbiomes and might be linked through immunological processes in
the mucosal surfaces [26]. This link is usually mentioned in the literature as the gut–lung
axis, and it has shown a two-way contribution in developing diseases in both systems.
Thus, enhancement of the gut microbiome with probiotics has a possible positive effect on
preventing and treating COVID-19 [27].
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In COVID-19, anorexia, loss of taste, fever, and sedation contribute to reducing food
intake, malnutrition, muscle wasting, and sarcopenia [28]. While anorexia commonly
follows infections, it can also result from nausea [29]. Furthermore, anorexia, nausea, and
vomiting have mechanisms that include the area postrema. More specifically, for nausea
and vomiting, two mechanisms were proposed. One is by activating vagal afferents, and
one is by releasing neuroactive agents that act in the area postrema. Both mechanisms
activate the nucleus tractus solitarius and cause the induction of nausea and vomiting [30].
Diarrhea could be caused by the direct virus actions on the host or by iatrogenic factors, such
as medications. In each case, the progress of the disease is complicated, the microbiome is
damaged, and inflammation is promoted [31].

A study by Singh et al. surprisingly reported that diarrhea was associated with a
better prognosis for COVID-19 [32]. The authors screened 244 patients and included 203 in
the study, 9.9% of which were with GI symptoms alone and 57.6% with GE and respiratory
problems, where 30% of all GI problems were diarrhea. The outcomes demonstrated that
patients with both systems affected tend to decrease mechanical ventilation and mortality,
and patients with diarrhea exhibited shorter hospital stays, no mortality, and no need for
mechanical ventilation [32].

Additionally, GI involvement may attenuate the immune response and decrease the
risk of cytokine storm and systemic inflammation, leading to better patient outcomes and
prognosis. Other investigators, such as Megyeri et al., extensively researched COVID-19-
associated diarrhea, focusing on the following mechanisms: direct gut epithelium damage,
gut microbiota alteration, and mucosal inflammation. However, they concluded that these
changes may worsen outcomes and exacerbate the symptoms [33].

The characteristics of the COVID-19 patient with pain in the upper abdomen are
prominent dyspnea, increased admission to ICU, and poor outcomes. In contrast, lower
abdomen pain has less noticeable dyspnea, fewer admissions to ICU, and better results [34].
In non-COVID patients, the primary etiology of mesenteric ischemia is a mesenteric arterial
embolism, mesenteric arterial thrombosis, venous thrombosis, or, less frequently, low-flow
non-occlusive causes. While the pathophysiology of these alterations for the COVID-
19 group is unclear and the prevalence is low, the reasons should closely mirror the
non-COVID patients and be classified again as occlusive and non-occlusive. Emergent
management must be performed if mesenteric ischemia is diagnosed [35]. In case of
bleeding, suspicion should be raised for both the upper and lower GI tract, with a higher
risk in the upper part. Causes for COVID-19-related bleeding are ulcers (peptic, duodenal,
rectal), gastritis, gastroduodenitis, and varices [36].

In summary, early reports of COVID-19 GI involvement included nausea, vomiting,
diarrhea, and loss of appetite in 32% of patients, sometimes preceding the respiratory
symptoms [37]. Then, recent reports declared GI symptoms were prevalent, with up to
one-third of COVID-19 patients presenting with GI symptoms first. Moreover, nausea
and vomiting may occur in up to two-thirds of people with COVID-19. Around 40%
of COVID-19 patients may experience appetite loss, and up to 50% would experience
diarrhea. Abdominal discomfort was less prevalent, affecting fewer than 10% of people [38].
Nevertheless, it is accepted that the Omicron variant causes milder COVID-19 than the
Delta [39].

However, in contrast to the popular belief that newer variations of SARS-CoV-2 have
been milder, Omicron BA.2 was linked with more symptoms and higher interruption to
daily activities than BA.1. Monitoring the shifting symptom profiles associated with SARS-
CoV-2 infection and the consequences on everyday activities will become increasingly
crucial as limitations are loosened, and routine testing is limited in many countries [40].

An Australian cross-sectional study demonstrated that Omicron and Delta SARS-CoV-
2 infection symptom profiles differed considerably. Patients infected with the Omicron
variation were less likely to be hospitalized than those infected with the Delta variant (OR
0.29, 95% CI 0.16–0.53). Additionally, people infected with Omicron were more likely to
have no symptoms. However, vaccination status may have affected the outcomes in this



Gastroenterol. Insights 2023, 14 435

group. One can hypothesize that COVID-19 vaccines could improve the GI involvement.
However, no studies so far have shown a direct link between COVID-19 vaccine efficacy and
GI improvement—vaccines are associated with decreased risk of infection, complication,
and overall death, but no other mechanisms to prevent GI symptoms. Overall, Delta
infection was more likely to result in hospitalization [41].

Hyams et al. reported the differences in severity of Omicron (B.1.1.529) and Delta
(B.1.617.2) SARS-CoV-2 infection among hospitalized adults in their prospective cohort
study in Bristol, UK; however, they obtained limited data on GI symptoms [42]. Other
investigators reported severe GI complications, hearing damage, and thrombosis due to
blood clots among the severe symptoms of Delta infection [43].

3. Virus Variants Associated with Gastroenterology Syndromes

According to different data, GI involvement in SARS-CoV-2 infection has been under-
estimated, ranging from 3% to 79%. As stated above, over 45% of patients have diarrhea as
a primary complaint [44]. An interesting observation was made by Natarajan et al. that,
even after as long as 4 months after infection, viral shedding and detectable viral SARS-
CoV-2 RNA were found in fecal samples of COVID-19 patients with GI symptoms [45].
That correlated with the observations made early in the pandemic.

In their systematic review and meta-analysis, Cheung et al. reported that 17.6% of
COVID-19 patients experienced GI problems. Viral RNA was found in 48.1% of the patients’
stool samples, although the respiratory samples were negative. Moreover, healthcare
providers should collect fecal samples or perform endoscopic procedures on COVID-19
patients cautiously, even if the patient is recovering [46].

Due to the high expression of the ACE 2 receptor in differentiated enterocytes, re-
searchers made an experimental model that proved the possibility of viral replication in
the enterocytes in the small intestine and the production of infectious viral particles [47].

Still, there is no answer as to whether the GI symptoms most patients experienced
were a result of an immune response or the direct cytopathic effects of the virus. A plausible
explanation was given by Lehmann et al. [48], proving the activation and recruitment of
cytotoxic T lymphocytes in the intestinal mucosa. The high expression of TMPRSS2 in the
mucosa of the small intestine and the even higher ACE2 expression in the gut encouraged
the team to perform duodenal biopsies via esophagogastroduodenoscopy. Although there
were no prominent macroscopic findings during the procedure, the histopathologic analysis
revealed that CD8+ cell infiltration was an obvious sign of a local immune reaction. Further,
the PCR in some samples was positive for viral RNA. Another pathological finding in
COVID-19 patients was CD14+ monocyte reduction in the intestinal mucosa [48].

All of the above explains commonly observed symptoms during SARS-CoV-2 infection,
such as diarrhea, nausea and vomiting, anorexia, and abdominal pain in 11.51% of all
COVID-19 patients in the metanalysis by Merola et al. [49]. As previously reported, SARS-
CoV-2 fecal shedding was found in 40.5% of confirmed cases in another paper [50].

Patients reported the following GI symptoms: nausea and vomiting (86/183, 47%),
abdominal pain (63/183, 34%), diarrhea (61/183, 33%), GI bleeding (20/183, 11%), and
anorexia (6/183, 3.3%) [51]. In addition, 17 patients presented with acute hemorrhagic
colitis, 5 with drug-induced adverse events, 2 with retroperitoneal hemorrhage, 2 with
appendicitis, 2 with choledocholithiasis, 2 with constipation, and 2 with anuresis, among
others. All patients had acute hemorrhagic colitis in the left-sided colon. According to
these findings, acute hemorrhagic colitis was seen in mild instances of the Omicron type of
COVID-19 with GI bleeding. Therefore, acute hemorrhagic colitis should be considered
when assessing individuals with moderate COVID-19 and GI bleeding [51]. Other GI
complications associated with SARS-CoV-2 were gut ischemia [52] and surgical complica-
tions [53].

However, SARS-CoV-2 is a virus that rapidly evolved, leading to changes in the
symptoms experienced by infected individuals. Therefore, Schulze et Bayer discussed the
differences in signs from the first wave (Alpha) to the last waves (Omicron) regarding
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the symptomatic infection and symptoms from respiratory, GI, neurology, etc., and the
symptoms changed evenly over time [54,55].

The widely accepted respiratory symptoms include those resembling the common cold,
loss of sense of smell and/or taste (confirmed by multiple meta-analyses), fever, fatigue,
headache, muscle and joint pain, sore throat, etc. The pattern of symptoms described by
SARS-CoV-2-positive people varied dramatically over time, with nasal symptoms becoming
more common since the development of the Alpha and Delta variants and the characteristic
loss of smell and taste becoming substantially less common after the advent of the Omicron
variant [54].

In addition, GI symptoms have been linked to SARS-CoV-2 infections since the outset,
even though most infected people do not report them. Diarrhea (28.2%) was the most
frequently reported GI symptom in the early phase of the pandemic (G614-dominated),
but its rate has declined in the following variant-dominated phases (Alpha: 19.4%, Delta:
17.9%, Omicron: 13.8%) [54].

The highest frequently occurring symptoms were lost sense of smell (earlier G614,
Alpha, and Delta phases at rates of 3.8 90% CI [2.5–6.1], 2.7 [1.7–4.3], and 4.5 [2.9–7.0],
respectively) and altered or lost sense of taste (earlier G614, Alpha, and Delta phases at
rates of 4.3 [2.8–6.8], 2.2 [1.4–3.5], and 3.6 [2.4–5.7]), with a slight decrease for the Alpha
and Delta variants. However, these figures have reduced significantly to 1.0 [0.6–1.6] for
the Omicron-dominated phase and 0.9 [0.6–1.5], respectively [54].

Schulze et al. also demonstrated that the reported differences are not due to vaccina-
tion—out of 428 Omicron-infected patients, 164 were fully vaccinated at the time of infection.
At the same time, 264 were unvaccinated, and the frequencies of symptoms were essentially
the same in both groups. Notably, only foreign body sensation in the eyes and loss of
smell had lower frequencies in unvaccinated individuals than in vaccinated individuals
(foreign body sensation: 4.2% vs. 9.8%; loss of smell: 20.5% vs. 32.3%) [54]. Regarding
transmission of the virus and often overlooked symptoms, unilateral conjunctivitis should
not be ignored. In rare cases, it can be the initial presentation of COVID-19 and even the sole
sign of the disease [55]. During the initial phase of the pandemic, significant research was
conducted utilizing a mobile phone app that comprised data from over 7000 individuals
who tested positive for SARS-CoV-2 in a cohort of over 2 million people from the UK and
the US [56,57]. In this study, the authors discovered frequencies for the symptoms “loss
of smell and taste,” “fever,” “skipped meals,” and “diarrhea” that are comparable to the
frequencies reported here, as well as favorable odds ratios for these symptoms, with “loss
of smell and taste” having the highest odds ratio. Shi et al. reported that the Omicron
variant of SARS-CoV-2 was also associated with digestive symptoms, but they were less
prominent than in the previous virus variants [1].

4. Specific Digestive System Involvement in COVID-19
4.1. Pancreatic Involvement

Although SARS-CoV-2 infection was previously thought to mainly attack the pul-
monary system, recent studies imply that the pancreas may be another potential target for
the infection. There has been proof that, after infection, patients are at increased risk of
developing diabetes mellitus. The reason behind that is the high concentration of ACE2 re-
ceptors and TMPRSS2 expression in the pancreas, especially in the Langhans islets beta
cells and the pancreatic blood vessels [58]. Both exocrine and endocrine functions of the
pancreas can be involved. However, a rare complication of acute pancreatitis with epigas-
tric pain and highly elevated amylase and lipase can be one of the many presentations
of coronaviral infection. Elevated pancreatic serum markers can result from multiorgan
dysfunction, in severe cases, accompanied by a cytokine storm. Newly onset metabolic
disorders, including hyperglycemia, are present in COVID-19 patients [58,59].

Patients often develop the so-called Post-Acute Sequelae of CoV-2 (PACS) after in-
fection. Scherer et al. focused on the metabolic changes following SARS-CoV-2 infection.
Beta-cell dysfunction, insulin resistance, and the failure of the liver to produce glucose, as
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well as insufficient pancreatic insulin production and chronic inflammation, are among the
main reasons for postinfectious complications, which is a consecutive proof of pancreatic,
liver, and GI involvement in the pathogenesis of the virus and its sequelae [60].

Additionally, Zollner et al. demonstrated that SARS-CoV-2 viral antigen persisted in the
gut in patients with inflammatory bowel disease (IBD), leading to post-acute COVID-19 [61].
By performing endoscopy approximately 7 months after confirmed COVID-19, the authors
found viral nucleocapsid and transcripts in 32 out of 46 patients, although the virus was not
detectable in fecal samples. The investigators speculated that viral antigen persisting in the
gut probably represents the immune alterations related to COVID-19.

An updated systematic review and meta-analysis by Lee et al. [62] reported the sus-
ceptibility and clinical outcomes in IBD patients infected with SARS-CoV-2. IBD conditions
were not associated with an increased risk of hospital or ICU admission or death, although
5-ASA and corticosteroids were associated with an increased risk for these events.

From the gastroenterologist’s perspective, underlying conditions, such as IBD or
chronic liver disease, and immunosuppressive therapy may impact the risk of developing
GI complications related to SARS-CoV-2 infection and their diagnosis and treatment [63].
Bishehsari et al. reported that initial GI symptoms found in 22.4% of SARS-CoV-2-positive
patients were associated with worse outcomes [64]. The authors also suggested that GI
involvement in COVID-19 may define a more severe phenotype, contrary to the above-cited
research of Singh et al. [32].

Adekunle et al. summarized the outcomes in the first year of the pandemic regarding
GI involvement, demonstrating disease-specific hospitalization trends depending on the
GI conditions [65]. For 2020 vs. 2019, all-cause inpatient mortality was higher for acute
pancreatitis, diverticulitis, nonvariceal upper GI bleeding, and Crohn’s disease. However,
the hospitalization rate decreased during the first year of the pandemic.

Other researchers, such as Livanos et al., performed a high-dimensional analysis of GI
tissues to assess the level of inflammation, measured by cytokines and chemokines gene
expression (i.e., IFNG, CXCL8, CXCL2, and IL1B) and the abundance of pro-inflammatory
cells. The authors also concluded that GI symptoms were associated with reduced disease
severity and mortality [66].

On the contrary, Nakhli et al. focused on the disorders of gut–brain interaction, which
may develop in long-haulers and post-COVID (86% of patients with disorders of the gut–
brain interaction had at least one GI sign, and, most often, accompanying depression—65%).
However, GI symptoms were an independent risk factor for severe COVID-19, not always
related to age above 65, diabetes, and vitamin D deficiency [67].

Among the mechanisms of pancreatic injury described by Sinagra et al. [44], drug-
induced pancreatic injury should not be overlooked, as most of the antivirals used for
treating the viral infection, as well as steroids and NSAIDs for control of inflammation,
can be a significant cause for acute pancreatitis. In the ICU, severely ill COVID-19 patients
infused with propofol can develop high triglyceride levels, a considerable cause of acute
pancreatitis. Acute kidney injury is another mechanism proposed in this case. The viral
translocation during infection from the duodenum to the pancreas has been suggested as the
transport required for the direct cytolytic effect of SARS-CoV-2. Therefore, a multifactorial
etiology is highly likely to result in pancreatic injury during COVID-19 [44].

4.2. Liver Involvement during COVID-19

Even though COVID-19 is thought to be a systemic infection targeting mainly the
endothelial cells and the respiratory tract, a more in-depth overview suggests the engage-
ment of other organs and systems such as the liver, kidney, pancreas, and the heart, which
makes SARS-CoV-2 a virus with multiple targets and complicated pathogenesis resulting
in multiorgan failure in susceptible populations. It is believed that most pathogens causing
activation of adaptive immune response include MHC1 molecules and T-cells, which is
devastating for the respiratory tract and the hepatic cells [68].
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A rare complication of cytokine storm could be liver dysfunction. However, liver dam-
age may also occur due to the treatment, since many medications used to treat the infection
are hepatotoxic. Ischemia, cytokine storm, and hypoxia were the primary variables con-
tributing to liver injury during COVID-19. Elevated liver enzymes during hospitalization
can be attributable to drugs, sepsis, and shock. As a result, the proportion of hospitalized
patients with COVID-19 and pathological liver biomarkers ranges from 14% to 53%. In ad-
dition, aminotransferases (i.e., aspartate aminotransferase, AST, alanine aminotransferase,
ALT) and bilirubin levels are frequently elevated. Elevated gamma-glutamyltransferase,
alkaline phosphatase and reduced serum albumin levels are typically seen [69].

Mao et al. reported the incidence of GI symptoms (15%) and liver injury (19%) in a
review of data from the beginning of the pandemic in Hubei province. In addition, there
was a correlation between the disease’s severity and the symptoms of abdominal pain and
elevated liver enzymes [70].

In another meta-analysis from 2020, the rate of elevated liver enzymes was estimated
at 15% in laboratory testing. GI symptoms, such as nausea and vomiting, were the highest,
with a 7.8% prevalence, followed by 7.7% for diarrhea and 2.7% for abdominal pain
that could also be attributed to liver injury [71]. We can conclude that the GI symptom
prevalence was <10% from the early pandemic, which implied a variant-dependent change
during the pandemic.

One possible explanation for these observations in the liver is that, although it is widely
distributed in human tissues, ACE2 has the highest expression in the biliary epithelium.
It has been proposed that SARS-CoV-2 can replicate in cholangiocytes. A rare finding in
COVID-19 patients is cholangiopathy. However, a more common presentation regarding
the liver is elevated levels of AST and ALT (as much as 40% in studies) and not the
cholestatic GGT and AF. We may presume that the biliary system may act as a SARS-
CoV-2 reservoir without causing apoptosis, but more research needs to be conducted. A
correlation was found in COVID-19 patients with registered liver injury and higher levels
of pro-inflammatory cytokines, especially IL-6. In addition, endothelial cell dysfunction
and epitheliopathy in the liver were documented. It is still unclear whether the pro-
inflammatory state is to blame for the liver injury or if there is undiagnosed chronic liver
disease in some COVID-19 patients [72].

The aberrant immune response caused by SARS-CoV-2 infection in some patients,
the direct injury caused by the hepatotropism of the virus, and the hepatotoxicity of some
medications used during treatment are the main causes of liver damage. In patients with
diagnosed liver diseases, COVID-19 may lead to acute worsening of symptoms. In cirrhotic
patients, the ACE 2 expression increased, which explains the poorer outcome in that
population and the less-than-desirable immune responses following vaccination [66].

Recently, we published our data on liver involvement of children with multisystem
inflammatory syndrome associated with SARS-CoV-2 in children (MIS-C), in which syn-
drome GI involvement is among the diagnostic criteria for the condition [73–75]. Our
observations were made on a study group of pediatric patients right after the Delta wave
in Bulgaria. Interestingly, during the subsequent waves, i.e., Omicron, the cases of MIS-C
dropped off significantly. Along with the increased cases of MIS-C during the Delta wave
in Bulgaria, we also demonstrated that the Delta wave overburdened our country’s hospital
capacity [76].

Additionally, the Shanghai experience revealed that GI symptoms caused by Omicron
variants are relatively uncommon. In the intestinal model, Kei et al. discovered that the
Omicron variant strain had a lower proliferation efficiency. They measured viral RNA
and titer in the culture supernatant and found that the Omicron versions had limited
replication capability [77]. A large retrospective study of the Omicron outbreak in South
Africa found that the hospitalization rate among adolescents and children was significantly
higher than in previous outbreaks. Children under 20 years old accounted for 14.3% of
all hospitalized patients, and about 25.4% of infected children under 5 years old required
hospitalizations [78]. The hospitalization rate of children infected with Omicron was also
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reported to be high in the US, with 19% requiring ICU treatment [79]. Weak immunity, low
vaccination rates, and increased respiratory illness rates in adolescents and children are all
plausible causes.

Recently, the UK, the US, Japan, and other countries reported unexplained acute
hepatitis in children previously infected with the Omicron variant. The pathological cause
could be the continuous release of viral proteins from the Omicron variant in the intestinal
epithelium, producing “superantigen” mediating multisystem inflammatory syndrome in
children with fever, rash, vomiting, and diarrhea. If an adenovirus is infected during this
process, the “superantigen” influence becomes more apparent, resulting in an abnormal
immune response and an outbreak of acute hepatitis [80]. Nishiura et al. studied Omicron
infection data from 39 countries and discovered that countries with fulminant hepatitis in
children also had a higher number of Omicron infections (p = 0.013). They hypothesized
that prior exposure to Omicron variants raises the risk of severe hepatitis in children [81].
Although the Omicron variant is less replicable in the intestinal epithelium, infection with
the Omicron variant in children should be avoided because it can lead to more severe
complications. Since the COVID-19 outbreak, the Swedish Centre for Environmental
Epidemiology has been testing the virus in Swedish urban wastewater to track the spread
of the SARS-CoV-2 virus. Their findings in February 2022 revealed that the virus content of
the Omicron variant was higher than that of the Delta variant [82].

Poor outcomes have been found in patients with hepatocellular carcinoma and chronic
liver disease. The cause behind liver injury in COVID-19 patients is multifactorial. It
includes the pathogenic mechanism of the direct viral cytopathic effect and the upregulated
immune response, and it results in vascular endothelitis, ischemia caused by the hyper-
coagulable state, concomitant hypoxia caused by the respiratory failure, and iatrogenic
drug-induced liver injury [83]. The use of remdesivir and monoclonal antibodies, like
tocilizumab and lopinavir/ritonavir, require careful assessment of previous liver disease
and frequent monitoring of transferase enzymes; drug-induced liver injury (DILI) should
be taken into consideration when treating COVID-19 patients [84].

A recent article discussed the possibility of the SARS-CoV-2 virus causing liver injury.
The hepatotropism of the virus is mediated mainly by the ACE2 receptor expression in the
hepatic tissue. Again, like in the case of pancreatic damage, TMPRSS2 was mentioned as a
target for Spike-protein binding. There is a possibility of viral replication at a lower rate
that does not result in apoptosis, which may be involved in using the small intestine as a
reservoir of the virus, eventually leading to elevated liver enzymes one to two times above
the normal range with an incidence approximately of 30–60% of patients [85].

In the SARS-CoV-2 infected patients, elevated liver enzymes have been a non-specific
marker for severity since the beginning of the pandemic. There are a few mechanisms that
can explain these laboratory findings. Most authors imply that overmedication results in
DILI, especially in senior patients. However, there are many other mechanisms for liver
injury due to ACE2 receptor expression in the liver. More importantly, direct damage
from the virus should not be overlooked when patients have elevated ASL and ALT. The
unresolved inflammation, caused by an overstimulated immune system and associated
with cytokine storm multiorgan failure in the end stages, is another etiological cause of
liver injury in patients with COVID-19 [86].

Apart from this, the concept of DILI should be explained in more detail with examples.
Idiosyncratic DILI (IDILI), by definition, is an adverse drug reaction. Although rare, it
should be considered in patients with elevated liver enzymes, clinical manifestation of
acute hepatitis, or liver failure after medication administration with possible hepatotoxic
effects [87].

An international DILI Expert Working Group of clinicians and scientists suggested the
following approach for a diagnosis of DILI: (a) increase in ALT value times five, (b) alkaline
phosphatase (ALP) value times two, or (c) ALT value times three and total bilirubin times
two. This could help manage COVID-19-related DILI [88].
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Therefore, in conclusion, DILI should not be overlooked with its spectrum of clinical
manifestations, risk of chronic liver damage with life-altering possibilities, and potentially
fatal outcomes. However, DILI caused by overuse of medication during SARS-CoV-2 in-
fections can be classified as an iatrogenic complication of the disease hand-in-hand with
Clostridodes infection resulting from antibiotic treatment of bacterial superinfections. This
infection will be described in the following section.

A summary of the SARS-CoV-2 impact on the GI and hepatobiliary system is shown
in Figure 1.
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5. Clostridoides Difficile Infection as Gi Complication during COVID-19

As previously stated, antibiotic-associated diarrhea is a significant cause of poorer
outcomes in COVID-19 patients. In 2022, Maslennikov et al. analyzed data from infected
individuals. They concluded that coinfection with Clostridoides—one of the culprits behind
antibiotic-associated diarrhea—negatively influenced the prognosis and course in SARS-
CoV-2 infected individuals. The article stated that, in COVID-19 patients with diarrhea,
Clostridoides should be considered and treated accordingly [89].

It has been hypothesized that a concomitant SARS-CoV-2 infection may lead to transi-
tory immune dysregulation, making Clostridoides infection more common in COVID-19
patients. Another mechanism explaining the high prevalence of this infection in COVID-19
patients is mentioned above (i.e., a pathogenic mechanism involving the ACE2, altered gut
microbiome, and antibiotic use) [90].

Trottein et al. noted the role of gut microbiota concerning viral illnesses, immune
response, and outcomes in patients with COVID-19. Altogether, hypoxia, cytokine pro-
duction, inflammation, direct invasion of enterocytes, antibiotic use, and alteration in
homeostasis could be considered pathophysiological mechanisms in SARS-CoV-2 infection
and may be the culprit behind GI symptoms in most patients. Vice versa, dysbiosis may
cause a poorer outcome in COVID-19, too [91].

Moreover, the risk for GI disorders after COVID-19 could be related to gut microbiota
alterations. This topic was determined by Xu et al. in 2023. Patients infected with the
SARS-CoV-2 virus presented in the post-acute phase (30 days after infection) with signs and
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symptoms of GERD, acute gastritis, peptic ulcers, pancreatic (acute pancreatitis), biliary
(cholangitis), and hepatic disorders, as well as functional abnormalities such as motility
disorders, IBS, and functional dyspepsia [92]. The evidence suggests that GI symptoms
are a part of the so-called “long COVID” in hospitalized and non-hospitalized patients. A
systematic review and meta-analysis of long COVID-19 caused by different SARS-CoV-
2 variants showed that long COVID-19 usually represents symptoms from the respiratory,
GI, cardiovascular, and nervous systems, similar to the classical COVID-19 [93]. Wild type
of SARS-CoV-2 was associated with a pooled prevalence of 1.8 for more than 1 GI symptom,
and the following: loss of appetite (Delta—2.2, Omicron—11.9, wild type—3.0), nausea
(Delta—0.6, Omicron—15.3, wild type—1.5), diarrhea (Omicron—4.4, wild-type—2.5),
abdominal pain (Omicron—3.2, wild-type—2.0), constipation (Delta—2.6, Omicron—10.6,
wild—type 3.1), demonstrating that Omicron strains were associated most often with GI
symptoms after infection resolution [93].

In line with this, preventing infections and reinfections decreases the risk of GI disor-
ders. It has been hypothesized that the pathogenic mechanisms behind the symptoms are
due to the viral tropism to tissues in the GI tract, induced autoimmunity, chronic inflamma-
tion due to viral persistence with residual antigenic stimulation, and dysbiosis. In addition
to the pathophysiology of COVID-19 sequelae, notable changes in the gut microbiome are
present. Furthermore, the appendix is a site for continuous viral replication after infection.
Other findings in patients with Post-Acute-Coronavirus Sequalae are associated with the
reactivation of viruses from the Herpesviridae family. All of this implies the necessity for a
better understanding of the condition to discover new ways to treat and prevent the late
complications of SARS-CoV-2 infection [92].

6. Conclusions

Commonly observed symptoms during SARS-CoV-2 infection were associated with
GI involvement, including diarrhea, nausea, vomiting, anorexia, and abdominal pain.
However, disease signs differ from the first wave (Alpha) to the last wave (Omicron)
regarding the symptomatic infection and symptoms from respiratory, GI, neurology, etc.
Most studies demonstrated that the Omicron variant of SARS-CoV-2 was also associated
with digestive symptoms, but this was less prominent than the previous virus variants. In
contrast, Delta was associated with an increased risk for hospitalization due to COVID-
19, mainly due to GI complications. As other GI infections, microbiota alterations, and
pancreatic and liver involvement could deteriorate the overall prognosis of COVID-19
patients, it was established that preventing infections and reinfections decreased the risk of
GI disorders and death.
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