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Abstract
To date, the latest research results suggest that the novel severe acute respiratory syndrome-related coronavirus 2 (SARS-
CoV-2) can enter host cells directly via the gastrointestinal tract by binding to the enterocyte-expressed ACE2 receptor, or 
indirectly as a result of infection of type II alveolar epithelial cells. At the same time, entry of SARS-CoV-2 through the 
gastrointestinal tract initiates the activation of innate and adaptive immune responses, the formation of an excessive inflam-
matory reaction and critical increase in the expression of proinflammatory cytokines, which, subsequently, can presumably 
increase inflammation and induce intestinal damage in patients suffering from inflammatory bowel disease (IBD). The 
aims of the present review were to reveal and analyze possible molecular pathways and consequences of the induction of an 
innate and adaptive immune response during infection with SARS-CoV-2 in patients with IBD. A thorough literature search 
was carried out by using the keywords: IBD, SARS-CoV-2, COVID-19. Based on the screening, a number of intracellular 
and extracellular pathways were considered and discussed, which can impact the immune response during SARS-CoV-2 
infection in IBD patients. Additionally, the possible consequences of the infection for such patients were estimated. We 
further hypothesize that any virus, including the new SARS-CoV-2, infecting intestinal tissues and/or entering the host’s 
body through receptors located on intestinal enterocytes may be a trigger for the onset of IBD in individuals with a genetic 
predisposition and/or the risk of developing IBD associated with other factors.
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Abbreviations
IBD  Inflammatory bowel disease
CD  Crohn’s disease
UC  Ulcerative colitis
CoVs  Coronaviruses
SARS-CoV-2  Severe acute respiratory syndrome corona-

virus 2

COVID-19  Coronavirus disease 2019
MERS-CoV  Middle East respiratory syndrome-related 

coronavirus
IECs  Intestinal enterocytes
IELs  Intraepithelial lymphocytes
DC  Dendritic cells
Th cells  T-helper cells
Tregs  Regulatory T-cells
NK-cells  Natural killer T-cells
CRP  C-reactive protein
ESR  Erythrocyte sedimentation rate
Hb  Hemoglobin
EIMs  Extraintestinal manifestations
SNP  Single nucleotide polymorphism
GWAS  Genome-Wide Association Study
ACE2  Angiotensin-converting enzyme 2
PKC  Protein kinase C
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MAPKK  Mitogen-activated protein kinase
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IL  Interleukin
TNF  Tumor necrosis factor
IFN  Interferon
TLRs  Toll-like receptors
TRPV  Transient Receptor Potential Vanilloid
NLR  NOD-like receptor
RLR  RIG-I-like receptors, Retinoic acid-induci-

ble gene-I-like receptors
HLA  Human leukocyte antigen gene

Introduction

The important facet of SARS-CoV-2 infection is related 
to the alleged ability of the virus to enter host organism 
through the gastrointestinal tract directly by binding to the 
ACE2 receptor widely expressed on intestinal enterocytes 
(IECs). The entry of SARS-CoV-2 through the gastroin-
testinal tract initiates the activation of innate and adaptive 
immune responses, the formation of an excessive inflamma-
tory reaction and critical increase in the expression of pro-
inflammatory cytokines, which, subsequently, can presum-
ably increase inflammation and intestinal damage in patients 
with IBD. To date, the mechanisms of damage of the organs 
of the gastrointestinal tract associated with COVID-19 are 
not exactly known and require additional studies. It also 
remains unclear whether SARS-CoV-2 intestinal lesions are 
the result of a primary, secondary, or combined intestinal 
infection.

The present article analyzes the possible molecular path-
ways for the initiation of an innate and adaptive immune 
response when patients with IBD are infected with SARS-
CoV-2 via a putative alternative pathway—the gastroin-
testinal tract with viral attachment to the epithelial ACE2 
receptors. Additionally, the estimated consequences of the 
infection, for such patients, are described, and potential drug 
interactions for IBD with SARS-CoV-2 are offered.

A thorough literature search was carried out by using the 
keywords: IBD, SARS-CoV-2, COVID-19, by screening 
PubMed, MEDLINE and Science Direct databases, span-
ning the years 2002–2021.

General description of IBD

Inflammatory Bowel Disease is a group of chronic diseases 
of the gastrointestinal tract, the etiology of which currently 
remains completely unclear. Studies on the geoepidemiol-
ogy of IBD disclosed that it is characterized by a signifi-
cant West–East shift. The incidence in Western countries 
has stabilized, hence surged in various developing industrial 
countries [1]. At the same time, the prevalence of diseases 
increases constantly throughout the world. Its onset usually 

occurs during adolescence, and subsequently leads to the 
development of recurrent morbid chronic disease.

IBD includes two main types of disorders: UC and CD. 
Those are different entities that differ in the target area, 
pathophysiology, symptoms, course of the disease, treatment 
and potential complications.

UC is characterized by a unique involvement of the colon, 
the inflammation is superficial, resulting in erosions, ulcers, 
diarrhea, blood and mucus in the stool. UC is characterized 
by increased levels of eicosanoids, which play a pathophysi-
ological role in inflammation. The usual clinical course of 
UC is represented by periods of exacerbation and remission. 
In the exacerbation phase, an increase in C-reactive protein 
(CRP), erythrocyte sedimentation rate (ESR), an increase in 
the production of major pro-inflammatory cytokines [inter-
leukin-1 (IL-1), interleukin-6 (IL-6), interleukin-8 (IL-8) 
and tumor necrosis factor-α (TNF-α)], as well as a decrease 
in hemoglobin (Hb) can be observed. Therapy includes oral 
or topical administration of 5-aminosalicylic acid (5-ASA) 
and corticosteroids, but such treatment is available only for 
mild to moderate recurrent disease. When highly active, 
immunosuppressive drugs and/or biological therapy can be 
offered. Fecal microbiota transplantation is currently being 
considered as a promising new therapy that has proven to be 
effective for inducing remission in UC [2].

Crohn’s disease is characterized by intestinal lesions in any 
segment along the gastrointestinal tract (from the mouth to the 
anus) and includes chronic recurrent transmural inflammation 
that can lead to chronic abdominal pain, diarrhea, obstruc-
tion, or perianal lesions [3]. CD develops as a result of an 
excessive response of Th1 (T-helper 1) and Th17 (T-helper 17) 
cells to proinflammatory cytokines such as interleukins IL-12, 
IL-18 and IL-23, which are produced by antigen-presenting 
cells and macrophages [4]. In 21–47% of patients, CD can be 
accompanied by extraintestinal manifestations (EIMs). EIMs 
can affect any organ system, including the musculoskeletal, 
dermatologic, renal, hepato-pancreato-biliary, pulmonary and 
visual systems [5]. For example, progressive ankylosing spon-
dylitis (AS) occurs in 25–75% of CD patients [6]. In 50% of 
affected patients, intestinal complications such as strictures 
or fistulas may develop within 10 years after the diagnosis of 
CD [7]. There is a constant need for rational and optimized 
anti-inflammatory therapy to prevent the progression and sub-
sequent complications of the disease. Previously, treatment 
was aimed at alleviating only clinical symptoms, but recently, 
new effective mode of therapies was developed aiming to reach 
clinical remission (including those free of steroids) and trans-
mural healing of the intestinal mucosa [8]. The development of 
biological drugs targeting specific inflammatory mediators has 
been a breakthrough in the treatment of CD. Thus, antibodies 
against TNF (anti-TNF-α therapy) became the first class of 
substances approved for the treatment of CD, and subsequently 
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antibodies against integrin α4β7 (vedolizumab), IL-12 and 
IL-23 were approved [9].

Exploring the mechanisms and pathophysiology of IBD is 
the basis for understanding the origin of CD and UC, in order 
to develop new strategies for effective therapy. At present, it 
is known that the inflammation in IBD can be mediated by 
impaired intestinal barrier function, defects in the regulation of 
innate and adaptive immune responses, and dysbiotic changes 
in the intestinal microbiome [3, 10–14]. Other factors capable 
of inducing IBD are polygenetic and various environmental 
factors [15–17].

Viral infections and IBD

Due to impaired immune activation and excessive cytokine 
response, viral infections can complicate the course of CD 
and UC [18].

It should be noted that in the ileum and colon, there is an 
extensive expression of the angiotensin-converting enzyme 2 
(ACE2) molecule, to which the new SARS-CoV-2 corona-
virus binds, as well as an increased expression of the Trans-
membrane protease, serine 2 (TMPRSS2), which is neces-
sary to activate the viral S-protein peplomer. This can lead to 
the penetration of the virus through the cells of the intestinal 
epithelium and, as a consequence, cause inflammation and/or 
aggravate the course of diseases of the enteric tract [19].

It is important to note that in case of patients with active 
UC, an increased level of ACE2 expression is observed, which 
suggests the possibility of a more severe course of infection 
and/or aggravation of the course of UC [20].

According to the available information regarding the effect 
of viral infections on the course of IBD, it can be assumed 
that any viruses (including the new SARS-CoV-2) affecting 
intestinal tissue and/or entering the host’s body through recep-
tors located on IECs of the intestine may be a trigger for the 
onset of IBD in individuals with a genetic predisposition and/
or having the risks of developing IBD. Based on the above, a 
comprehensive analysis of the available data on the molecular 
mechanisms of interaction and possible intersection of signal-
ing pathways during SARS-CoV-2 infection in patients with 
IBD, was conducted. Highlighted are the aspects of develop-
ment and aggravation of the course of IBD under the influence 
of components of innate and adaptive immunity expressed in 
response for SARS-CoV-2 infection. A detailed analysis of the 
impact of the novel coronavirus infection on the course of IBD 
is presented in the following sections.

Coronavirus infection

Coronaviruses (CoVs) are RNA viruses of the Coronaviri-
dae family that infect mammals (including humans), birds, 
and amphibians [21]. To date, 46 types of CoVs are known, 

of which 7 can infect humans, namely: Human coronavirus 
229E (HCoV-229E), Human coronavirus NL63 (HCoV-
NL63), Human coronavirus OC43 (HCoV-OC43), Human 
coronavirus HKU1 (HCoV -HKU1), Middle East respira-
tory syndrome-related coronavirus (MERS-CoV), Severe 
acute respiratory syndrome coronavirus (SARS-CoV or 
SARS-CoV-1) and a new species Severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) [22]. The structure 
of different types of CoVs is similar: enveloped, single-
stranded, with a genome of 26–32 kb, with RNA of positive 
polarity, and a phosphorylated nucleocapsid (N-protein). On 
the outer side of the lipid membrane of the CoV virion, there 
are glycoprotein spikes (S-protein)—peplomeres resembling 
a crown which binds to the surface structures of the cyto-
plasmic membrane of the host cell. Moreover, the binding of 
the S-protein to the receptor in the host organism is strictly 
specific for each CoV species. In particular, the MERS-CoV 
species binds to the dipeptidyl peptidase 4 (DPP4) recep-
tor, which is an important factor in signal transduction and 
activation of innate and adaptive immunity [23]. Another 
type—SARS-CoV-1 binds to the receptor of angiotensin-
converting enzyme 2 (ACE2)—a membrane protein on mac-
rophages, epithelial cells, microglia, neurons, as well as to 
the CD147 receptor (Basigin); extracellular matrix metal-
loproteinase inducer (EMMPRIN) on erythrocytes [24]. In 
addition to S-protein, the structure of the lipid membrane 
includes structural E-protein and M-protein, which can par-
ticipate in the formation of an inflammatory response and 
in the suppression of signal transduction pathways of the 
innate immune system [25]. CoVs are spread from person 
to person by airborne droplets. Typically, in humans, CoVs 
affect the upper and/or lower respiratory tract with mild to 
moderate respiratory symptoms such as fever, cough, sore 
throat, headache. In general, the course of the infection is 
mild or asymptomatic. However, CoVs such as SARS and 
MERS can cause severe symptoms, complications and death 
[26]. A new species SARS-CoV-2 according to the available 
information is also capable of causing severe complications, 
including gastrointestinal ones, as discussed in detail below.

SARS‑CoV‑2: a new coronavirus

SARS-CoV-2 is a new 30 kb single-stranded polycistronic 
RNA virus (+ ssRNA) of the genus Betacoronavirus B, 
which has genomic homology with SARS-CoV-1 and causes 
an infectious disease—COVID-19, the spread of which led 
to the announcement of a pandemic in 2019 [27]. The struc-
ture of SARS-CoV-2 is typical for different types of CoVs: 
first, 4 structural proteins S, E, M, N (with the exception 
of the hemagglutinin esterase (HE) protein) are necessary 
for the assembly and infection of CoV, of which S-protein 
(ORF2) is key in binding to the host receptor and fusion 
with the cell membrane (Fig. 1). It is noted that S-proteins 
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of SARS-CoV-2 and SARS-CoV-1 have a homology of the 
amino acid sequence of about 77%, which may indicate a 
possible cross-reaction [28]. E-protein (ORF4) is required 
for the assembly and release of CoV virions. M-protein 
(ORF5) can change the membrane conformation and bind to 
the nucleocapsid (N-protein (ORF9)) containing N-terminal 
RNA-binding and C-terminal domains, the interaction of 
which with the viral RNA leads to the formation of ribo-
nucleoprotein. It is reported that N-protein is an important 
component for the morphogenesis phase of SARS-CoV-2 
life cycle, as well as an RNA interference repressor and an 
IFN-β antagonist [29]. Notably, S, E, M, and N proteins of 
SARS-CoV-2 have a higher gene expression efficiency than 
that of other SARS and MERS species [30].

The structure of SARS-CoV-2 also includes 11 open 
reading frames (the largest ORFs 1a and 1b) expressing 
two polypeptides pp1a and pp1ab, which are then cleaved 
into 16 non-structural proteins (nsp1-16) that play a role 
in the processes of replication and inhibition of the host 
immune response (Fig. 1) [31]. Additional proteins were 
found in SARS-CoV-2: ORF3a, an ion channel protein 
that promotes TRAF3-dependent ubiquitination of ASC; 
ORF6—an auxiliary protein associated with the activity 
of RNA polymerase; ORF7a—a protein encoding type I 
transmembrane protein; ORF7b—an accessory protein 
and structural component of SARS-CoV-2 virion; as well 
as proteins, the functions of which are not yet precisely 

known: ORF3b, ORF8, ORF10 (Fig. 1). It is assumed that 
those proteins can play an important role in pathogenesis 
and, in the long-term, may be used for the development of 
new therapeutic strategies for the treatment of COVID-19 
[29].

During the present pandemic, Genome-Wide Associa-
tion Study (GWAS) studies of the SARS-CoV-2 genome 
are being conducted, aimed at finding possible Single 
nucleotide polymorphism (SNP) that may affect the sever-
ity and spread of COVID-19. The identification of SNP in 
the coding and non-coding regions of the SARS-CoV-2 
genome is necessary to study the evolution of the genome, 
as well as to identify the genetic variations of the virus 
for further vaccine development. SNP detection allows 
for tracking of conserved and variable genes. 115 SNP 
were identified in the SARS-CoV-2 genome, of which 52 
are synonymous, 46 are nonsynonymous SNP, 2 inser-
tions, 1 deletion, and 14 SNP in the 3′-UTR and 5′-UTR 
regions. The overwhelming majority of the detected SNP 
(for example, the most frequent SNP variant, 8782C > T) 
are located in the Orf1ab gene, an important factor in 
the processes of viral replication and transcription. The 
results of the analysis may indicate the conservatism of 
52 SNP genes and their significance for the functioning of 
SARS-CoV-2 [32]. However, to date, there is insufficient 
information to accurately establish the influence of SNP 
in the SARS-CoV-2 genes on the course of COVID-19, 

Fig. 1  Virion structure (a) and SARS-CoV-2 genome structure (b) (original scheme)
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the aggravation of other diseases and/or a possible role in 
the signaling pathways of innate and adaptive immunity. 
Further research is highly required.

SARS-CoV-2, like most CoVs, is transmitted from per-
son to person by airborne droplets and through contami-
nated surfaces. It is known that ACE2 has an affinity for 
S-glycoprotein of SARS-CoV-2 and is the entry point into 
the host cell [20]. ACE2 is expressed in most tissues: on the 
membranes of type II pneumocytes, enterocytes of the small 
intestine, endothelial cells of arteries and veins, smooth 
muscle cells, in cells of the cortex and brainstem, hypo-
thalamus, etc. Thus, the variety of sites of localization of the 
ACE2 receptor can allow the penetration of SARS-CoV-2 
into the human body in different ways, which increases the 
chance of infection. However, there is no evidence that the 
level of ACE2 expression can be related to the penetration 
ability of SARS-CoV-2.

SARS-CoV-2 in humans affects the upper and/or lower 
respiratory tract with mild to severe symptoms ranging 
from fever, cough, sore throat and anosmia to pneumonia 
and acute respiratory distress syndrome (ARDS) [26]. The 
course of the infection is also possible in an asymptomatic 
form. There is evidence of additional symptoms during 
infection with SARS-CoV-2, depending on the place of 
attachment of S-protein of the virus to ACE2, which is 
expressed on different types of cells—on pneumocytes, 
enterocytes, hepatocytes, etc. Moreover, according to 
results of recent studies, many patients with COVID-19 may 
experience kidney, heart, liver, brain, and gastrointestinal 
tract organs damage [19, 29]. At the same time, it has been 
reported that SARS-CoV-2 is able to act as a trigger fac-
tor for the development of rapid autoimmune and/or auto-
inflammatory dysregulation, leading to severe interstitial 
pneumonia in individuals with a genetic predisposition [33]. 
An immunohistochemical study has demonstrated diffuse 
infiltration of lungs, along with a different extent of focal 
infiltration of kidney, liver, intestine, adrenal glands, pan-
creas and pericardium by lymphocytes. According to the 
results of the analysis of the infiltrates, it was found that 
 CD3+ T-cells and  CD8+ T-cells predominate in the infil-
trate of the lungs, adrenal glands, liver, intestine and other 
organs, and there is also partial tissue damage, which hints 
to autoimmune process [34]. Interestingly, information is 
accummulated that SARS-CoV-2 can induce autoimmune 
reactions through molecular mimicry [35]. In particular, the 
discovery of 233 immunoreactive linear epitopes in SARS-
CoV-2, consisting of peptide sequences that are also present 
in human proteins, has been reported [36]. The study noted 
that the sharing of peptide sequences between immunoreac-
tive epitopes from SARS-CoV-2 and human proteins can 
cause cross-reactivity, and as a result, these cross-reactive 
reactions can lead to the development of various autoim-
mune pathologies. Another study identified chaperones [37] 

(mainly heat shock proteins) that are suspected of being 
involved in molecular mimicry after infection with SARS-
CoV-2. These and other research results [38, 39] can provide 
better understanding of the possible mechanisms underlying 
the formation of cross-reactivity of SARS-CoV-2 peptides 
with host autoantigens.

A number of studies reports the effect of SARS-CoV-2 on 
the development of autoimmune diseases in genetically pre-
disposed patients in the context of the Human leukocyte anti-
gen (HLA) gene [40]. It was previously noted that HLA and 
its polymorphism are associated with the development of 
various autoimmune diseases [41]. Recent research is focus-
ing on finding HLA genotypes associated with the severity 
of COVID-19 or susceptibility to SARS-CoV-2 [42, 43]. 
Patients with the HLA-A genotype can efficiently generate 
T-cell mediated antiviral responses to SARS-CoV-2. Other 
alleles—HLA-B, HLA-C, HLA-DPB1, HLA-DRB1, and 
HLA-DQB1 did not show such results. Further research in 
this area will help to improve support/treatment for patients 
at a genetic risk.

Following is a summary of pathophysiological pathways, 
symptoms, short and long-term complications associated 
with SARS-CoV-2 infected human enteric tract.

SARS‑COV‑2 and the digestive system

The ACE2 receptor is expressed at a high level in entero-
cytes of the small intestine, colon and ileum, as well as in 
a smaller amount in the epithelial cells of the esophagus, 
stomach, duodenum, and rectum [44]. This allows SARS-
CoV-2 to enter the gastrointestinal tract, and the binding of 
the virus to the ACE2 receptor in the gastrointestinal tract. 
The resulting subsequent replication can pose a potential 
threat to patients with diseases of the digestive system, in 
particular with IBD [19].

Since the beginning of the Covid-19 Pandemic numerous 
publications have reported on the detection of viral RNA in 
rectal swabs and feces of patients with COVID-19, which 
may serve as confirmation of an extra-pulmonary, addi-
tional fecal–oral route of transmission of SARS-CoV-2 [45, 
46]. It is important to note, that patients having a negative 
analysis for the presence of SARS-CoV-2 RNA obtained 
by a swab from the nasopharynx and oropharynx may have 
a positive stool sample, which is an additional possibility 
of fecal–oral transmission of the virus even after SARS-
CoV-2 is eradicated from the respiratory paths [47]. How-
ever, further research is required to confirm this hypothesis. 
The main gastrointestinal symptoms of COVID-19 patients 
include nausea, diarrhea, vomiting, and abdominal pain, but 
these symptoms were found to be less common compared 
to MERS-CoV. This may indicate differences in the viral 
tropism of SARS-CoV-2 and MERS-CoV. The expression of 
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ACE2 on different cells of the digestive system can presum-
ably be the cause of certain gastrointestinal symptoms. As a 
result, the expression of ACE2 in absorbing enterocytes of 
the ileum and colon may explain diarrhea in patients with 
COVID-19, and the expression of ACE2 in multilayered epi-
thelial cells of the esophagus can be a reason for esophagitis 
caused by COVID-19 [48, 49].

Damage of the digestive system organs due to SARS-
CoV-2 infection has been recently reported. In particular, 
after the dissection of the intestine of a patient with COVID-
19, the presence of segmental dilatation and stenosis of the 
small intestine, as well as infiltration of the lamina propria, 
duodenum and rectum with plasma cells and lymphocytes, 
was noted [50]. More so, SARS-CoV-2 infection was 
detected as the cause of hemorrhagic colitis in a patient with 
COVID-19 [51]. The RNA of the virus was detected in a 
stool sample, and the results of examination of the colon, 
sigmoid and rectum confirmed damage and infection in 
the colon. It has been shown that ACE2 is expressed at a 
high level in cholangiocytes and hepatocytes, suggesting a 
possible role for ACE2 in the pathogenesis of liver dam-
age in COVID-19 [52]. When infected with COVID-19, the 
condition of patients with concomitant liver disease could 
potentially worsen due to the increased expression of ACE2 
caused by hypoxia during the cytokine storm. However, the 
exact mechanism of liver damage is unclear. Several patho-
genic mechanisms were suggested for the hepatic deterio-
ration: viral cytopathic effects, cytokine storm, hypoxia, 
and hepatotoxic drugs [53]. In general, the mechanisms of 
damage to the gastrointestinal tract organs associated with 
COVID-19 are not exactly known and require further study. 
It also remains unclear whether SARS-CoV-2 intestinal 
lesions are the result of a primary, secondary, or combined 
intestinal infection.

Of note is the fact that SARS-CoV-2 in the intestine can 
prevent tryptophan from entering via the AT1/ACE2 trans-
port pathway [54]. Tryptophan regulates the secretion of 
antimicrobial peptides that affect the composition of the 
intestinal microbiota, and along with its metabolite nicoti-
namide, is a key regulator of the predisposition to inflam-
mation. As a result, disruption of tryptophan supply results 
in decreased levels of antimicrobial peptides and altered gut 
microbiota, causing inflammation. However, this molecular 
mechanism has only been established in mice. Nevertheless, 
there is evidence supporting dysbiosis of the gut microbiota 
in some patients with COVID-19, in particular, in the form 
of a decrease in the number of Lactobacillus and Bifidobac-
terium [55]. This mechanism could hypothetically overlap 
and/or influence the pathophysiology of IBD, as inflamma-
tion in IBD also includes, among other things, dysbiosis of 
the gut microbiota [11].

Thus, the pathogenesis of SARS-CoV-2 has not yet 
been fully understood, in particular, on the viral infection 

in patients with IBD. Currently, various options of SARS-
CoV-2 entry into the body are being considered, includ-
ing the primary respiratory one and the alternative way 
through the oral-enteric tract [29]. At the same time, it 
cannot be unambiguously asserted whether entering of 
SARS-CoV-2 into the intestine occurs directly by attach-
ment to ACE2, which is expressed on enterocytes, or indi-
rectly as a result of infection of type II alveolar epithelial 
cells. Further research is required to confirm or refute this 
concept. Based on the available information, an analysis 
of SARS-CoV-2 infection in patients with IBD through the 
gastrointestinal tract with attachment of the virus to the 
local ACE2, was carried out. Possible molecular pathways 
and the alleged consequences of SARS-CoV-2 infection 
were demonstrated. A detailed analysis is provided below.

Possible molecular mechanisms 
of the immune response to SARS‑COV‑2 
infection in patients with IBD

It has been established that SARS-CoV-2 has two intracel-
lular molecular pathways for the transfer of genetic mate-
rial into the host cell—endosomal and membrane (cyto-
plasmic). Each of them leads to the activation of innate 
and adaptive immunity, to the formation of an excessive 
inflammatory response and, in some cases, to a critical 
increase in the expression of pro-inflammatory cytokines 
(Fig. 2) [56]. In addition, extracellular adaptive and innate 
immune responses are initiated as a result of SARS-
CoV-2 entering into the human body. The consequences 
are induced expression of proinflammatory cytokines, 
chemokines, and acute inflammation.

Intracellular adaptive and innate immune responses

As a result of SARS-CoV-2 entering the human intestine, 
the virus collides with the intestinal barrier: IECs, immune 
cells of innate and adaptive immunity (macrophages, 
neutrophils, dendritic cells, T cells), intraepithelial lym-
phocytes (IELs) and mucous membranes [57]. Taking 
together, the occurrence of a problem in one of the com-
ponents of the intestinal barrier can lead to disruption of 
its functions, in particular, increased permeability, which, 
in turn, is associated with the development of IBD. It was 
previously noted that impairments in the secretory activ-
ity of Paneth cells, specialized IECs present at the base 
of intestinal crypts in the small intestine, may lead to the 
development of CD [58]. It can also be an important fac-
tor in facilitating the passage of SARS-CoV-2 through the 
intestine.
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Endosomal pathway

Following the attachment of SARS-CoV-2 S-glycoprotein 
to the ACE2 receptor expressed on IECs in the human 
intestine, the virus is transported to the endosome where 
it releases its RNA (Fig. 2). Endosomal receptors TLR3 
and TLR7 recognize viral RNA and transmit a signal to 
downstream mediators through two different pathways: by 
activation of the TRIF-dependent pathway with the induc-
tion of IRF3 factor, which induces the production of IFN-α, 
β (TLR3 pathway) and through activation of the MyD88-
dependent pathway followed by inducing of transcription 
factor NF-κB to produce proinflammatory cytokines (TLR7 
pathway). Importantly, TLR3 expression in IECs is signifi-
cantly suppressed in patients with active IBD. This can lead 
to decreased recognition of viral RNA by the receptor and 
to the development and/or worsening of COVID-19. Addi-
tionally, the combined genetic variations of TLR3 and TLR7 
can significantly affect the severity of UC in patients with 
IBD upon infection with the virus [59]. Intriguingly, TLR3 
and TLR7 are able to stimulate the secretion of IFN-β by 

plasmacytoid dendritic cells (pDCs), thereby contribut-
ing to the development of an additional protective immune 
response.

Membrane (cytoplasmic) pathway

The membrane receptor TLR4 has a strong affinity for 
SARS-CoV-2 S-glycoprotein and can participate in the rec-
ognition of molecular patterns of the virus [60, 61]. After 
recognition of S-glycoprotein by TLR4 receptor, signal-
ing occurs via two different pathways: through the TRIF-
dependent pathway with the activation of TBK1 kinase, 
phosphorylation of IRF3 factor, subsequent production of 
IFN-α,β and expression of the pro-inflammatory cytokines 
IL-6 and TNF-α, or through MyD88-dependent pathway 
similar to TLR7 (Fig. 2). At the same time, a negative role 
of the TLR4 signaling pathway in IBD was previously 
described. In particular, the involvement of TLR4 in the 
development of IBD and the destructive effect on intesti-
nal epithelial tissues and ulceration in patients with UC 
has been reported, due to the release of pro-inflammatory 

Fig. 2  Molecular pathways and implications of innate and adaptive immune responses following infection with SARS-CoV-2 in patients with 
IBD. The dotted lines indicate the suggested paths (original scheme)
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cytokines that aggravate intestinal inflammation [13]. This 
can be an important aggravation stimulus in the course of 
IBD and one of the reasons for the immunopathological 
manifestation of COVID-19 in patients with IBD. Intes-
tinal inflammation associated with the TLR4 signaling 
pathway, can presumably provoke the activation of oppor-
tunistic and pathogenic intestinal microbiota, as well as 
change the species diversity of intestinal bacteria, which 
together can lead to a strong reaction, increased expression 
of cytokines and pronounced pathological consequences 
in patients with IBD.

A number of experimental evidences indicating the abil-
ity of histamine to modulate the inflammatory responses 
of various types of cells to infectious agents, in particular 
by regulating the expression of TLRs are available. This 
mediator is involved in the regulation of both specific and 
nonspecific immune responses, while many immune cells, 
including various subpopulations of T-lymphocytes, B-lym-
phocytes, Natural killer T-cells (NK-cells), macrophages, 
etc., express histamine receptors. Important immunomodu-
latory effects of histamine are primarily associated with the 
ability to regulate cytokine production, both negatively and 
positively. Data available to date indicate that histamine is 
able to inhibit the production of IL-1, IL-2, IFN-γ, TNF-α 
by Th-helpers, and stimulate the release of IL-5, IL-6, IL-8, 
IL-18 by Th2. The histamine-induced enhancement of the 
cell response to the penetration of pathogens, accompanied 
by the production of pro-inflammatory and anti-inflamma-
tory agents, in some cases, is associated with an increase in 
the expression of TLRs and the development of an inflam-
matory response. Interestingly, the currently available data 
indicate that histamine may act as a sensitizing agent that 
modulates nociceptive signals, in particular, indirectly 
through Transient Receptor Potential Vanilloid (TRPV1) 
receptor channel [62]. At the same time, sensitization of 
TRPV1 with histamine via the H1R-receptor pathway may 
cause the development of visceral hypersensitivity and cor-
responding symptoms in individuals with IBD. Based on the 
information available in the literature, it can also be assumed 
that TLRs are able to modulate the TRPV1 expression pat-
tern, both directly and through signaling pathways associ-
ated with histamine and its receptors, inducing correspond-
ing physiological responses. Thus, one cannot exclude a 
certain pathological role of histamine as a component of 
signaling pathways associated with the formation of an 
immune response upon infection with SARS-CoV-2. Indeed, 
the entry of the virus into the gastrointestinal tract can stimu-
late the secretion of histamine by mast cells, which, in turn, 
is capable of activating the cellular and humoral immune 
response, including regulating the expression of TLRs and 
the production of cytokines. At the same time, subsequent 
sensitization of TRPV1 with histamine via the H1R recep-
tor pathway is also possible, which ultimately will lead to 

increased inflammation and worsening of the IBD clinical 
state.

SARS-CoV-2 can induce the assembly and activation 
of the NLRP3-inflammasome, a member of the NOD-like 
receptor (NLR) family, which is formed in response to the 
invasion of various pathogens and plays an important role in 
the inflammatory response as one of the main components of 
innate immunity [63]. The introduction of SARS-CoV-2 is 
accompanied by the recognition of RNA and viral proteins, 
which triggers a cascade of regulatory reactions leading to 
the assembly of the NLRP3-inflammasome formed by the 
proteins NACHT, LRR, NLRP3, ASC, procaspase 1 and 
subsequent activation of this complex [64]. NLRP3-inflam-
masome is formed in the cytosol and controls the secretion 
of the pro-inflammatory cytokines IL-1β and IL-18 and 
other damage-associated molecular patterns (DAMP). At the 
same time, activation of NF-κB allows to quickly stimulate 
the expression of pro-IL-1β and pro-IL-18, which are then 
cleaved by Caspase-1 into mature IL-1β and IL-18 in the 
inflammasome (Fig. 2). Moreover, the leakage of  K+ ions 
and the influx of  Ca2+ ions through ion channels formed by 
the structural and non-structural proteins of SARS-CoV-2 is 
another factor in the activation of the NLRP3-inflammasome 
[64]. Intracellular  K+ depletion has been shown to shift ionic 
equilibrium to the acidic zone, which is sufficient for the 
onset of inflammation and activation of the NLRP3 inflam-
masome (Fig. 2). Presumably, histamine-induced intracel-
lular calcium signals from the TRPV4 receptor may also 
activate the NLRP3-inflammasome (Fig. 2). It is known 
that histamine can enhance the  Ca2+ responses induced by 
a TRPV4 agonist (4αPDD) through the Protein kinase C 
(PKC), Phospholipase C (PLCβ), Mitogen-activated protein 
kinase (MAPKK) and Phospholipase A2 (PLA2) signaling 
pathways, as well as lead to an increase in TRPV4 expres-
sion on the cell membrane in a MAPKK-dependent manner, 
thereby providing the development of visceral hypersensitiv-
ity symptoms and worsening the course of the disease [65].

The expression of SARS-CoV-2 Viroporin 3a protein can 
stimulate the secretion of IL-1β (Fig. 2) [66]. It is impor-
tant to mention that this viral protein is found in the SARS-
CoV-2 genome. This suggests that the virus can directly 
activate the NLRP3-inflammasome. In turn, activation of 
NLRP3-inflammasome by recognizing SARS-CoV-2 RNA 
in patients with IBD can increase inflammation and aggra-
vate colon lesions, but on the other hand, it can also prevent 
damage to non-inflamed mucosa under stable conditions in 
IBD [67]. In fact, the activation of NLRP3-inflammasome 
has a positive effect on host defense during infections and 
metabolic processes, however, excessive production of 
IL-1β and IL-18 can lead to severe inflammation, causing 
metabolic and auto-inflammatory complications in patients 
with IBD: penetration of neutrophils into tissues, distortion 
of Th17 differentiation, which will contribute to extensive 
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tissue damage. However, most of the mechanisms and pre-
cise role of the NLRP3 inflammasome in IBD are obscure. 
Further research is highly required.

It is hypothesized that SARS-CoV-2 can enter the IECs 
of the human intestine through pinocytosis (Fig. 2). As a 
result, the RNA of the virus is recognized by key RIG-I-
like receptors (RLR), in particular, Rig-I (DDX58), which 
specifically recognizes viral RNA with subsequent interac-
tion with the adapter protein MAVS and activation of TBK1 
kinase, inducing the production of IRF3 and NF-κB, which 
ultimately causes the production of IFN-α,β and the expres-
sion of proinflammatory cytokines [22]. Additionally, RIG-I/
TLR3/NLRP3-dependent activation of IRF3, IRF7 and 
NF-κB has been reported, which also leads to the production 
of IFN-α,β, and pro-inflammatory cytokines [68]. Further, 
it was found that selective suppression of Rig-I in IECs of 
patients with IBD is accompanied by changes in the innate 
immune response of the mucous membrane (especially in 
CD) and disruption of the intestinal microbiome composi-
tion, which may aggravate the course of IBD. However, to 
date, there are no data supporting the significance of inhib-
ited Rig-I in IECs for the pathogenesis of CD, and there 
are no studies of Rig-I suppression in the context of SARS-
CoV-2 infection in IBD patients and studying the effect of 
the virus on the development and progression of IBD. It can 
be assumed that the lack of activity of the RIG-I protein 
and the entry of SARS-CoV-2 into IECs of the intestine by 
pinocytosis will contribute to the development and progres-
sion of COVID-19 in IBD affected patients.

Extracellular adaptive and innate immune 
responses

Macrophages, along with intestinal dendritic cells (DC), 
play a significant role in the initiation of the immune 
response, presenting the virus antigens to T-cells, which 
contributes to the activation and differentiation of T-cells in 
various subpopulations of T-helpers (in particular, Th17), 
 CD8+ T-cells,  CD4+ T-cells and NK-cell (Fig. 2). Nota-
bly,  CD8+ T-cells can provide a key cytotoxic function and 
reduce local infection with SARS-CoV-2, and  CD4+ T-cells 
play a role in maintaining immune homeostasis in the intes-
tine and other tissues and organs, and are also important in 
mediating humoral immunity [69]. T-helpers produce pro-
inflammatory cytokines via the NF-kB signaling pathway. In 
particular, Th17 produces cytokines IL-1, IL-6, IL-8, IL-17, 
IL-21, TNF-β, and MCP-1, which attract lymphocytes and 
leukocytes from the intestinal mucosa to the site of infec-
tion [22]. Following virus infection, Th1 produces a number 
of high-level cytokines, including IL-2, IL-7, IL-6, G-CSF, 
IP-10, MCP-1, MIP-1A and TNF-α, which, ultimately leads 
to the development of a “cytokine storm” [29]. The storm 
can reduce the viral load of SARS-CoV-2, but it can also 

lead to viral sepsis, multi organ damage caused by inflam-
mation and complications of COVID-19, including patients 
with IBD. Th1 and Th17 cells are known to secrete pro-
inflammatory cytokines IL-17, IFN-γ and TNF, which con-
tribute to inflammation in IBD by stimulating the production 
of TNF, IL-1, IL-6, IL-8, IL-12 and IL-18 by macrophages, 
endothelial cells and monocytes [70]. At the same time, dur-
ing the exacerbation phase of UC there is an expression of 
IL-1, IL-6, IL-8 and TNF-α at a high level, and the exces-
sive Th1 and Th17 response to IL-12, IL-18 and IL-23 is a 
trigger for the development of CD. According to this chain 
of events, the “cytokine storm” may have a negative impact 
on the course of IBD in patients with COVID-19 due to an 
uncontrolled increase in inflammation and progression of 
IBD.

The release of mediators, cytokines and chemokines 
by infected cells results in local accumulation of neutro-
phils, which can exert important antiviral effector functions 
and, in turn, secrete cytokines and chemokines that attract 
IELs (Fig. 2) [71]. Importantly, intestinal mucosal effector 
T-cells in IBD patients may be resistant or less responsive 
to Regulatory T-cells (Tregs) mediated inhibition. In turn, 
the production of IL-10 by Treg cells may be required to 
prevent intestinal inflammation [72]. The intracellular 
signaling pathways associated with components of innate 
immunity can induce the expression of co-stimulatory mol-
ecules CD40, CD80, and CD86 on antigen-presenting cells, 
which are necessary for the initiation of an adaptive immune 
response [63].

Based to the above, it can be concluded that the molecular 
pathways of the components of innate and adaptive immu-
nity during infection with SARS-CoV-2 in patients with 
IBD, as well as the mechanisms of interaction and inter-
section of the signaling pathways of IBD, SARS-CoV-2 
and components of innate and adaptive immunity have 
been studied insufficiently to draw unambiguous conclu-
sions. More studies with a large number of participants are 
required to understand the precise molecular pathways and 
consequences of SARS-CoV-2 infection in IBD patients.

Impact of SARS‑COV‑2 infection 
on the management of IBD

Patients with IBD are reported to be at no greater risk of 
being infected with SARS-CoV-2 compared to patients 
without IBD [73, 74]. However, it is noted that these data 
cannot be interpreted unambiguously, since the absence of 
an increased risk of SARS-CoV-2 infection in those patients 
may be a result of patient compliance with measures of pro-
tection against SARS-CoV-2 infection: hygiene and social 
distancing. In turn, the reduction (or postponement) of 
endoscopic procedures and surgical interventions could also 
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have a positive effect on the absence of an increased risk 
of infection with SARS-CoV-2 [75]. But it is important to 
understand that the reduction/postponement of these proce-
dures, as well as the use of invasive surgical methods, can 
adversely affect the condition of a patient with IBD, lead 
to infection with SARS-CoV-2 or even death; in addition, 
carrying out emergency procedures/operations on SARS-
CoV-2 infected patients with IBD can spread the infection 
to medical personnel. Therefore, today the implementa-
tion of routine procedures/operations for patients with IBD 
in the era of COVID-19 is significantly complicated and 
requires compliance with precautionary measures: the use 
of mandatory personal protection of medical personnel and 
the patient, disinfection of premises and equipment for car-
rying out procedures/operations, as well as, in particular, 
application of minimally invasive surgery (MIS), which has 
shown the greatest safety [73, 76]. Given the possible oral-
fecal transmission of SARS-CoV-2 [45], additional precau-
tions must be taken for trans-anal surgery: preoperative fecal 
analysis for SARS-CoV-2, surgery in operating rooms with 
negative pressure as preventing the escape of air from the 
operating room reduces the spread of SARS-CoV-2 [77].

According to The International Organization for the 
Study of Inflammatory Bowel Diseases (IOIBD), there are 
several scenarios for managing a patient with IBD: firstly, 
self-admitted patients with mild IBD with asymptomatic and 
mild SARS-CoV-2 infection, and secondly, self-visiting hos-
pital patients with moderate to severe IBD with asympto-
matic and mild SARS-CoV-2 infection; thirdly, hospitalized 
patients with severe COVID-19 and various forms of IBD 
(calm, moderate and severe) [78]. Each scenario assumes 
a different type of therapy, depending on the severity and 
characteristics of the course of both IBD and COVID-19 
diseases, with the following drugs: 5-Aminosalicylic acid 
(5-ASA), oral budesonide, steroids, thiopurines, methotrex-
ate, JAK inhibitor, anti-TNF therapy, anti-IL12/23 and anti-
integrin. The possible interconnections between the listed 
IBD drugs and SARS-CoV-2 infection are discussed below.

The relationship between IBD drug therapy 
and SARS‑CoV‑2 infection

The safety of IBD drugs in the COVID-19 era remains an 
important area of research today [73]. Systemic use of cor-
ticosteroids in elderly patients with IBD and other comorbid 
conditions has been reported to be a risk factor for severe 
COVID-19 [79]. It is noted that the negative effect of corti-
costeroids depends on the stage of the disease. It is known 
that corticosteroids can reduce the expression of proinflam-
matory cytokines (IL-1, IL-2, IL-6, TNF-α, IFN-γ) and 
thus blunt the hyperimmune response in critically ill IBD 
patients. However, at the same time, corticosteroids can 

suppress immune response, leading to impaired viral clear-
ance in SARS-CoV-2 infected IBD patients [80, 81].

TNF antagonists are known to be the most commonly pre-
scribed biological therapy for patients with IBD. However, 
it was shown that in case of combination therapy with TNF 
antagonists (a combination of thiopurines with TNF antago-
nists), as well as therapy with 5-ASA/sulfasalazine, a high 
severity of COVID-19 was observed in patients with IBD 
compared with monotherapy with TNF antagonists [82]. As 
suggested by the authors of this study, such a negative effect 
of combination TNF therapy on the severity of COVID-19 is 
determined by thiopurines. As previously reported, patients 
with IBD taking thiopurines developed lymphopenia. More 
so, patients with SARS-CoV-2 lymphopenia have a poorer 
prognosis and an increased risk of virus-related death [78]. 
As a result, it was proposed to cancel thiopurines during 
COVID-19 in elderly patients with IBD and other concomi-
tant diseases, and use monotherapy with TNF antagonists 
instead, since it is not associated with a severe form of 
COVID-19. It is also suggested that anti-TNF therapy could 
be used to treat cytokine release syndrome in some patients 
characterized by high levels of proinflammatory cytokines 
such as IL-6 [78, 80]. However, this issue requires further 
study.

To date, there are no unambiguous data regarding the 
effect of methotrexate on COVID-19. However, the estab-
lished pulmonary toxicity of methotrexate may increase the 
risk of infection/complication with SARS-CoV-2 [83].

Among the JAK inhibitors, Tofacitinib is used for the 
treatment of IBD, which can inhibit IFN-γ activity, reduce 
the viral-mediated pro-inflammatory response, and block 
pro-inflammatory cytokines involved in the “cytokine 
storm” [80, 84]. In turn, another JAK inhibitor, Baricitinib, 
can suppress endocytosis. However, Baricitinib is in clini-
cal trials for the treatment of IBD and has already shown 
promising results [85]. Presumably, the use of Baricitinib 
for the treatment of patients with IBD and COVID-19 could 
help to stop the possible penetration of SARS-CoV-2 via 
endosomal pathway. It is noted, that the ability to suppress 
endocytosis is not observed in the less selective JAK inhibi-
tor Tofacitinib [80].

It has been shown that anti-integrin (vedolizumab) can 
inhibit α4β7-dependent homing of Th19 and Th9 cells, as 
well as regulatory T-cells into the mucous membrane of the 
gastrointestinal tract [78, 86]. Until date, there is not enough 
information regarding the effect of vedolizumab on SARS-
CoV-2. However, the guidelines for the management of IBD 
patients in COVID-19 indicate the need to take into account 
the half-life of not only vedolizumab, but also other drugs 
[73, 83]. This is important because the effects may persist 
even after the medication is stopped. For example, immuno-
suppressive therapy [anti-TNF, anti-IL12/23 (ustekinumab), 
anti-integrin (vedolizumab)] should be delayed by 2 weeks, 
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because the immunosuppressive effects of these drugs will 
persist for several more weeks, which in turn is believed to 
cause severe COVID-19 [83]. In this case, anti-inflammatory 
non-immune therapy (5-ASA, oral budesonide, antibiotics) 
can be continued [82].

There are no studies on the effect of anti-IL12/23 (usteki-
numab) therapy on patients with IBD and SARS-CoV-2 
[71]. No increase in the number of cases of viral infections 
has been reported in patients with IBD taking ustekinumab 
[87]. However, it is assumed that blocking IL-23 in COVID-
19 can suppress the pathogenic Th17 response in a cytokine 
storm [71]. There are also no studies of oral budesonide in 
the context of possible interactions with COVID-19. Bude-
sonide is being considered as an alternative to systemic cor-
ticosteroids [83, 88].

Conclusions

The analysis of studies of the signaling pathways of innate 
and adaptive immunity components during SARS-CoV-2 
infection in IBD patients through a putative alternative 
route—the gastrointestinal tract, with the attachment of the 
virus to ACE2 expressed on IECs, allows identifying some 
molecular pathways and establishing possible mechanisms 
of immune response formation. In particular, intracellular 
and extracellular pathways for the existence of an immune 
response have been established by combining the result of 
infection with SARS-CoV-2 and the development and pro-
gression of IBD. Two intracellular molecular pathways for 
the transfer of genetic material into the host cell—endoso-
mal and membrane (cytoplasmic)—have been considered, 
each leading to activation of the innate and adaptive immune 
responses, the formation of an inflammatory reaction, and 
an increase in the expression of pro-inflammatory cytokines. 
At the same time, a critical increase in the expression of 
cytokines can lead to a “cytokine storm”, which can presum-
ably affect the course of IBD in patients with COVID-19 
through an uncontrolled enhancement of inflammation and 
progression of IBD.

The possible entry of SARS-CoV-2 RNA by pinocytosis 
through IECs with the recognition of viral RNA by TLR 
receptors, as well as the possible involvement of the RIG-I/
TLR3/NLRP3-dependent pathway, are highlighted. Unfortu-
nately, no studies in the context of the relationship between 
RIG-I, SARS-CoV-2 and IBD are available. However, it can 
be assumed that the lack of activity of RIG-I protein and the 
penetration of SARS-CoV-2 through the IECs of the intes-
tine by pinocytosis, will contribute to the development and 
progression of COVID-19 in patients with IBD, as well as 
concomitant intestinal inflammation.

Based on the available information, it is suggested 
that a cross talk between signaling pathways involved 

in SARS-CoV-2 infection and worsening of IBD state in 
response to subsequent expression of innate and adaptive 
immunity components is possible. In general, it can be 
assumed that any virus (including the new SARS-CoV-2), 
infecting intestinal tissues and/or entering the host’s body 
through receptors located on intestinal IECs, may be a trig-
ger for the onset of IBD in individuals with a genetic predis-
position and/or the risk of developing IBD associated with 
other factors.

However, existing studies in the field of molecular inter-
actions of IBD, components of innate and adaptive immu-
nity, and SARS-CoV-2 are insufficient to unambiguously 
reveal the relationship between them and the ensuing con-
sequences. The presently screened studies do not allow us 
to confirm or refute our hypotheses. As to date, according 
to the SECURE-IBD database (https:// covid ibd. org), the 
number of registered cases of COVID-19 in patients with 
IBD is more than 6000. Of these, 42.24% are patients with 
UC and 57.76% are with CD. The number of IBD patients 
infected with SARS-CoV-2 is growing steadily every day. 
Based on the above, further research is needed to investigate 
the molecular pathways and consequences of SARS-CoV-2 
infection in patients with IBD. The study of the exact molec-
ular mechanisms and pathophysiology of SARS-CoV-2 is 
the basis for understanding the pathways of the initiation 
and development of COVID-19. The research on relation-
ships between IBD drug therapy and SARS-CoV-2 will 
improve IBD treatment approaches and significantly reduce 
the potential risks of SARS-CoV-2 infection and/or compli-
cations from COVID-19.
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