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Abstract

Purpose of Review This review article aims to explore the GI changes induced by SARS-CoV-2 and how gut microbial
homeostasis can influence these changes and affect the lung-gut axis and its relationship with the induction of the cytokine
release syndrome in severe COVID-19 patients.

Recent Findings Coronavirus disease 2019 (COVID-19) affects not only the respiratory system but can produce multi-systemic
damage. The expression of angiotensin-converting enzyme 2 (ACE-2) receptors in the gastrointestinal (GI) tract, the high preva-
lence of GI symptoms in severely ill COVID-19 patients, and the abnormalities described in the gut microbiome in these patients
have raised concerns about the influence of GI tract as a risk factor or as a potential modulator to reduce the severity of COVID-19.
Summary Understanding the mechanisms by which gut dysbiosis may influence viral transmission and disease progression
in COVID-19 may help in shaping how accessible therapies, like diet modulation, can potentially help beat the devastating
consequences of COVID-19.
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Introduction

The new SARS-CoV-2 enters through and initially affects
the respiratory system, but it can generate a multiorgan dys-
function syndrome (MODS). Patients with gastrointestinal
(GI) symptoms are found to have worse coronavirus disease
2019 (COVID-19) [1e, 2ee, 3-5]. The role of the GI tract
in modulating COVID-19 severity is being increasingly
recognized [6]. SARS-CoV-2 may impede nutrient absorp-
tion by binding to angiotensin-converting enzyme receptors
2 (ACE2), resulting in gastroenteritis-like symptoms, and
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predispose an imbalance in intestinal microbial homeostasis.
Chronic low-grade systemic inflammatory conditions such
as advancing age, diabetes mellitus, hypertension, and obe-
sity are associated with lower gut bacterial diversity and
a disrupted gut barrier with increased permeability (leaky
gut) which have been implicated in predisposing to severe
SARS-CoV-2 infection [1e, 2ee, 3-5,7].

The gut microbiota composition and severity of acute
infections, including COVID-19, have a bidirectional relation-
ship with the lungs termed the “gut-lung axis” [7-9]. Gut dys-
biosis, where the emergence of a virolent pathobiome alters
signaling at the gut epithelium and generates a pro-inflamma-
tory response, can lead to an impaired immune response and
predispose to severe disease in COVID-19 [4, 10]

Understanding the mechanisms by which gut microbiome
and dysbiosis may influence viral transmission and disease
progression in COVID-19 may help to shape diet modula-
tion therapies in high-risk populations and possibly reduce
the devastating consequences of this pandemic. This review
article aims to explore the GI changes and manifestations
induced by SARS-CoV-2, its effect on gut microbiome
homeostasis, and elucidate its possible effect on the lung-gut
axis and its relationship with the induction of the cytokine
release syndrome (CRS).
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Clinical Manifestations of COVID-19
Infection in the Gl Tract

GI symptoms were underreported early in the pandemic.
Huang et al. were some of the early authors to describe the
SARS-CoV-2 clinical syndrome as fever, cough, and myalgias,
with reported diarrhea in only one of 42 patients [11]. Other
early studies out of Wuhan reported a 2-3% incidence of GI
symptoms [12]. Abdominal pain and discomfort were reported
with a range of 2.2-5.8% [13]. A recent meta-analysis reported
a 15% pool prevalence of GI manifestations which were asso-
ciated with a poor clinical course (Table 1) [14ee]. This is in
contrast with the MERS-CoV and SARS-CoV where nearly
20-25% of patients reported diarrhea or other GI complaints
such as nausea or vomiting. With progression of pandemic,
the prevalence of diarrhea may have been even underreported.
Liang et al. argue that since there is no uniform criteria for
diarrhea many hospitals or clinicians may fail to report this
symptom [12].

Since the spike protein of SARS-CoV-2 enters cells
through the ACE2 receptor in the small intestine, a well-
known source of intestinal inflammation, this might account
for the disparity in the prevalence of diarrhea. Initially, fecal
SARS-CoV-2 RNA was not thought to be directly corre-
lated with GI symptoms, but recent evidence has debunked
this theory. In Wuhan, Wei et al. found that 69% percent
of patients with diarrhea had viral RNA in their stool ver-
sus 17% with only respiratory symptoms [15]. Other com-
monly reported symptoms were anorexia, nausea, or vomit-
ing both at presentation and during their hospital stay [16].
Once again, these may be secondary to the virus itself or the
therapies aimed at treating SARS-CoV-2.

Although diarrhea may be the most common gastrointes-
tinal clinical symptom, transaminitis is prevalent in SARS-
CoV-2 patients. In early reports, around 15% of patients
developed abnormal liver enzymes not explained by previ-
ous liver disease [14ee]. In Wuhan, a similar or a greater
number of patients had abnormal liver enzymes, but it is

Table 1 Reported prevalence of gastrointestinal symptoms associated
with SARS-CoV-2 infection

Gastrointestinal symptoms associated with SARS-CoV-2 infection

Loss of appetite 21% (range 1-79%)

Liver injury 19% (range 1-53%)
9% (range 1-34%)
6% (range 1-19%)

3% (range 1-4%)

Diarrhea
Nausea or vomiting
Abdominal pain

Ref. Mao R, et al. Manifestations and prognosis of gastrointesti-
nal and liver involvement in patients with COVID-19: a systematic
review and meta-analysis. The Lancet Gastroenterology & Hepatol-
ogy. 2020;5(7):667-78

difficult to completely attribute to SARS-CoV-2 due to the
high prevalence of coexisting liver disease [17]. A review
by Marjot et al. demonstrated the importance of the sever-
ity of SARS-CoV-2 in patients with cirrhosis. They found
that with worsening Childs—Pugh classification, morbid-
ity, and mortality escalated exponentially. They postulate
that the cause of liver injury secondary to SARS-CoV-2 is
largely multifactorial from a combination of inflammation,
drug-induced (antiviral medications), hepatic congestion,
and extrahepatic release of transaminases [18]. Songgozni
analyzed 48 postmortem patients and found that approxi-
mately 68% had SARS-coV-2 in hepatocytes. Steatosis and
microthrombosis were widely present [19].

While SARS-CoV-2 is widely seen through the GI tract,
it has been difficult to directly blame the GI symptoms on
SARS-CoV-2 itself. The clinical manifestations of SARS-
CoV-2 are likely multifactorial in nature and the summation
of viral effects via the ACE2 receptor interaction with the
SARS-CoV-2 spike protein creating increased inflamma-
tion, the effects of SARS-CoV-2 pharmacotherapy therapy,
or from the stress of critical illness.

Shifts in the Intestinal Microbiome
Associated with COVID-19

The gut microbiome is an intricate array of thousands of
species varying depending upon an individual’s environ-
mental and genetic make-up. There is a complex interplay
between the gut microbiome and an individual’s health, as
demonstrated by studies showing associations with allergy,
inflammatory conditions, and respiratory diseases [20, 21]
As previously described, individuals suffering from COVID-
19 have several GI symptoms. Beyond those symptoms, they
also have demonstrated changes in their microbiome which
have broad implications in both diagnosis and treatment.
Considered the last organ discovered of the human spe-
cies, the microbiome provides a unique symbiotic arrange-
ment that has evolved over centuries. The quality and diver-
sity of the microbiome are largely dependent on culture,
diet, evolution, and location, which have been implicated in
the severity of COVID-19 infection [22]. Microbiome suc-
cess lies with the ability to provide autoregulation with our
immune system and to allow for continued homeostasis with
the living component of the microbiome. Aging, lung viral
infections, and chronic illness have been associated with
an alteration in the gut microbiome with an increase in the
abundance of Bacteroidetes and a decrease in the abundance
of Firmicutes [21, 23, 24]. Interestingly, studies performed
in the murine colon have shown downregulation of ACE2
expression in the presence of Bacteroidetes species, and var-
iable effects in the presence of Firmicutes species [25]. Hand
et al. found that diabetes, cardiovascular, stroke, respiratory,
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and obesity also have significant shifts in microbiome com-
position [26]. This alteration may correlate with why these
patient populations have had worse COVID-19 outcomes.

Dysbiosis has been implicated in multiple inflammatory
and infectious diseases [20]. Several studies have demon-
strated fecal viral shedding in COVID-19 patients, which
persists long after respiratory symptoms have resolved. This
suggests the GI tract as a site of viral replication and raises
concern for fecal-oral transmission [25, 27]. Zuo et al. not
only demonstrated that almost half of those infected with
COVID-19 had stool positivity but also showed that those
with positivity had higher levels of opportunistic bacteria
including Collinsella aerofaciens, Collinsella tanakaei,
Streptococcus infantis, and Morganella morganii [25].
This was further confirmed by a small study looking at 30
COVID-19 patients which demonstrated a decrease in biodi-
versity along with a rise in opportunistic bacteria including
Streptococcus, Rothia, Veillonella, Erysipelatoclostridium,
and Actinomyces [7].

An abundance of Coprobacillus, Clostridium ramosum,
and Clostridium hathewayi correlated with severe COVID-
19 illness [25]. The abundance of beneficial Bacteroidetes
species and Alistipes onderdonki were negatively corre-
lated with severe illness and four species of Bacteroides (B.
dorei, B. thetaiotaomicron, B. massiliensis, and B. ovatus)
exhibited negative association with stool viral load of SARS-
CoV-2 [25]. Many studies have explored the relationship
between gut dysbiosis, severe COVID-19, and elevated
inflammatory markers. Bacteroides dorei and Akkermansia
muciniphila were positively correlated with IL-1p, IL-6,
and CXCLS8 [28]. Similarly, IL10, TNF-a, and chemokines
such as CXCL10 and CCL2 were negatively correlated with
beneficial microbiota such as Bifidobacterium adolescentis,
Eubacterium rectale, and Faecalibacterium prausnitzii, and
these species remained low in stool samples collected up to
a month after the illness [28]. In another study involving
a small group of COVID-19 patients, butyrate producers
(e.g., Faecalibacterium prausnitzii, Clostridium butyricum,
Clostridium leptum, and Eubacterium rectale) were reduced
significantly, and opportunistic pathogens such as Entero-
coccus and Enterobacteriaceae were abundant in severely ill
population with adverse outcome [29]. Altered gut micro-
biota was noted in children with Kawasaki disease both in
acute and non-acute phases which further hints at the pos-
sible link between MISC in SARS-CoV-2 and dysbiosis [30].

Using 20 blood proteomic biomarkers, Gou et al. found
a positive association between proteomic risk score and
proinflammatory cytokines in older patients [31]. They also
noted that gut microbiota was correlated with proinflamma-
tory cytokines [31]. Further, increased levels of Lactobacil-
lus species positively correlated with IL-10 and associated
with better disease outcomes [31]. Proinflammatory species
of Klebsiella, Streptococcus, and Ruminococcus gnavus
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correlated positively with proinflammatory cytokines and
severe illness [31]. Fecal metabolomic analysis revealed
deranged amino acid-related pathways providing a link
between gut dysbiosis, inflammation, and disease severity
[31]. Using untargeted plasma metabolomics, a recent study
showed compromised gut barrier integrity and translocated
products of gut microbes correlated with increased systemic
inflammation and immune activation [32]. The disrupted
plasma metabolome revealed a positive association between
disease severity, gut permeability, and translocated products
of gut microbes [32].

Given the impact of the microbiome on bacterial and viral
replication, maintenance of this barrier is essential. Patients
with COVID-19 infection have a decrease in beneficial bac-
teria and an increase in opportunistic bacteria which may
be a combination of pathogenicity of the virus and host sus-
ceptibility due to chronic illness or obesity. This represents
a potential area of treatment, as we have seen with the use
of probiotics and fecal transplantation in other infectious
diseases. While theoretically implicated, the true importance
of the microbiome has not been fully elucidated. Further
studies regarding composition, alteration, and therapies to
restore the microbiome are needed.

Dysbiosis and Altered Immune Responses
in Patients with COVID-19 Disease

Up to one fifth of patients with COVID-19 present with life-
threatening complications, including ARDS and MODS [8].
Mentioned risk factors for severe SARS-CoV-2 infection
include old age, obesity, and comorbid chronic conditions
[1e, 2ee 33] In these susceptible populations, COVID-
19 can cause an overwhelming immune response which
is termed as “cytokine storm syndrome (CRS)” [33-35].
Similarly, a multisystem inflammatory syndrome in chil-
dren (MISC) resembling Kawasaki disease has been noted
[33, 36, 37]. Aimed at the process of virus elimination and
containment, this amplified immune cascade activation with
hyperinflammation is characterized by a dysregulated robust
secretion of proinflammatory cytokines (e.g., IL-1, IL-6,
IL-17, TNF-a, IFN-y) and acute phase reactants that trigger
systemic inflammation, hypercoagulation leading to ARDS
and MODS [7, 34, 37-39].

In both COVID-19 patients and animal models, severe
SARS-CoV-2 infection is found to be associated with low
serum levels of interferons (IFN) I and III and increased
chemokines and cytokines [37, 40]. The CRS is character-
ized by CD4" T cell predominance and frequently accompa-
nied by a paucity of CD8% T cells [40]. COVID-19 patients
had significantly higher levels of fecal IL-18, a proinflam-
matory cytokine, along with higher serum levels of IL-6 and
TNF-o when compared to healthy controls [41]. Similarly, in
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patients with severe COVID-19, proinflammatory monocyte-
derived macrophages were found abundantly in bronchoal-
veolar lavage fluid [37]. MISC is associated with increased
stool calprotectin signifying the association between inflam-
matory status and disruption in gut homeostasis [42].

The exact relationship between gut dysbiosis and sys-
temic inflammation in CRS remains elusive; various stud-
ies have explored the possible mechanisms [43]. Decreased
gut butyrate may predispose to increased binding to ACE2
with subsequent activation leading to activation of the renin-
angiotensin system (RAS), which may predispose to sys-
temic vasoconstriction and systemic inflammatory response
syndrome (SIRS) [1e, 44, 45]. Additionally, butyrate also
increases mucin production via goblet cells and activates
regulatory T cells, which play a vital role in attenuating
cytokine production via minimizing T cell activation [43].
Gut dysbiosis and epithelial damage increase the expression
of ACE2, increasing the SARS-CoV-2 replication in the gut
and predisposing to further dissemination [6]. An imbalance
in Ang II/Ang 1-7 ratio, with attenuated ACE2 protective
mechanism, favors Ang II-AT R signaling, which leads to
subsequent RAS-dependent proinflammatory, prothrom-
botic, and vasoconstrictive events [35, 46]. Furthermore,
intestinal ACE2 shedding may also predispose to gut dys-
biosis [46]. The hyper-inflammation also could be contrib-
uted by the loss of modulation by Angl-7 via Mas receptors
which are normally involved in the attenuation of inflamma-
tory response [35, 46]. ACE2 is essential for the expression
of B°AT1 (sodium-dependent amino acid transporter) in the
intestinal epithelium, and ACE2 blockade could result in a
decrease in the intestinal uptake of tryptophan, which regu-
lates the secretion of antimicrobial peptides via the mTOR
pathway, predisposing to gut dysbiosis [45, 47].

Gut-Lung Axis and Its Relationship
to Multiple Organ Failure

Gastrointestinal symptoms in COVID-19 are associated
with intestinal epithelial damage, impaired intestinal bar-
rier integrity, and the altered gut microbiome [48]. This
impairment can stimulate the innate and adaptive immune
responses and trigger an imbalanced proinflammatory
cytokines response, well described in severe cases of
COVID-19. In normal individuals, immune gut homeostasis
is regulated by the fine balance between pro-inflammatory
pathways involving Th17 T cells and regulatory T cells, effi-
ciently balanced by the commensal microorganisms [48].
Gut barrier disruption alters the T and B cell balance and
activates the enteric inflammatory response, which signals
to the circulatory system and other organs, including the
lung and brain, triggering an acute respiratory distress syn-
drome (ARDS) and multi-organ failure described in severe

COVID-109 cases. These data reveal the association between
the lung-gut-brain axis and microbiome disruption and sug-
gest the GI tract is an important extrapulmonary site for
SARS-CoV-2 infection.

Studies have shown that gut disruption can affect lung
function and vice versa via bidirectional crosstalk based
on messages transmitted via endotoxins and microbial
metabolites [9, 49]. For example, pulmonary function can
be impacted by altered immune responses regulated by gut
microbiota via T cells, toll-like receptors (TLRs), neutro-
phils, and inflammatory cytokines [10]. Leaky gut with
translocation of bacterial products (lipopolysaccharides) is
implicated as one of the important factors for the progres-
sion of MODS [4, 10]. In experimental models of sepsis and
ARDS, the lung microbiome is enriched with gut-associated
microbiota underpinning the shared mechanism between
these diseases and gut dysbiosis [50]. Individuals most
susceptible to severe COVID-19 infection are the elderly,
immune-compromised, diabetic, and obese, all at risk for an
unbalanced gut bacteria diversity and dysbiosis [26].

GI tract inflammation related to gut barrier dysfunction
can increase the expression of ACE2 receptors and create
an environment favorable to the development of infection
by SARS-CoV-2 in the gut epithelium, increased gut perme-
ability, and further spread throughout the body [6, 8]. The
importance of understanding the “gut-lung axes” in the set-
ting of COVID-19 lies in the possibility of novel therapy or
lifestyle modifications which can prevent acquisition of the
disease, prevent disease progression, or risk for developing
complications. It has been proposed that restoring the gut
microbiota balance can be an adjuvant therapy in patients
suffering from severe COVID-19.

A study of 15 patients with COVID-19 described how
the altered fecal microbiome of these patients was enriched
by opportunistic pathogens and depleted of beneficial com-
mensals, and its association with the fecal presence of
SARS-CoV-2 and COVID-19 severity [25]. New research is
focusing on understanding the lung-gut axis interaction and
altering the intestinal microbiota to reduce disease severity.

Probiotics and Its Restorative Effect on Gut
Microbiome in COVID-19 Patients

Probiotics have been extensively studied in medicine over the
past century [51]. There is evidence from both animal and
human studies supporting antiviral and anti-inflammatory
benefits, along with a connection between the “gut-lung axis”
[20]. Antiviral activity is multifaceted through both direct
probiotic-virus interaction intra-luminally, and stimulation
of the immune system [52]. Multiple strains of LAB have
been shown to reduce severity, duration, and viral titers of
several viruses including cytomegalovirus, Ebola virus, and
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respiratory syncytial virus [53]. The anti-inflammatory proper-
ties have been demonstrated in both animal and human mod-
els through a reduction in IL-6 and TNF-a, pro-inflammatory
cytokines, and an increase in IL-10, an anti-inflammatory
marker, with administration of probiotics [53].

When discussing a role for probiotics in the treatment of
COVID-19, this centers around the “gut-lung axis” [20]. The
mechanism of this interaction is not completely elucidated
but theorized to include antigen-presenting cells (APCs)
phagocytosing microbiota and transferring to mesenteric
lymph nodes and a direct lymphatic connection between the
intestines and the lungs allowing for bacterial translocation
[20]. The implication of all of this being that regulation and
improvement of intestinal health and microbiota leads to
improved respiratory function and protection from infection.

It is largely an extrapolation of this data that has been used
to support the role of probiotics in the treatment of COVID-
19. Given the novelty of the virus in the human population
there are few direct studies on COVID-19 patients, but of
those that are published there is support for a dysbiosis in
patients infected with COVID-19, opening a role for probiot-
ics in the treatment of this novel and deadly virus [20].

The limited studies available on COVID-19 patients indi-
cate intestinal dysbiosis [52]. A small report from the begin-
ning of the pandemic indicated low levels of Lactobacillus and
Bifidobacerium in COVID-19 patients (Rajput et al., 2020).
Zuo et al. has shown through fecal samples almost half of
patients sampled showed stool positivity for COVID-19 viral
RNA which persisted long after respiratory clearance. Addi-
tionally, the authors found that patients with viral RNA had
higher levels of opportunistic pathogens [25]. Several studies
are currently underway to better elucidate the role of probiot-
ics in the treatment of COVID-19. Further evidence is needed
for a definitive recommendation regarding probiotics and the
treatment of COVID-19, although there is biological plausibil-
ity and reasons for hope that they may play a beneficial role.

Conclusions

The clinical consequences of COVID-19 are devastating,
and the GI tract role is largely underestimated. The impor-
tance of gut homeostasis and appropriate immune response
toward viral infections has gained momentum during the
COVID-19 pandemic due to the evidence of the types of sus-
ceptible populations. Gut microbiome composition changes
has been linked to preexisting conditions associated with
severe COVID-19 infection with high morbidity and mor-
tality like old age, obesity, diabetes mellitus, and hyperten-
sion. Restoring gut homeostasis with dietary modification
or microorganism supplements is a potential therapeutic
target to mitigate deleterious effects in the lung-gut axis,
and severe systemic inflammation and intestinal damage.
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