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Abstract

Chronic inflammatory gastrointestinal diseases such as Crohn's disease (CD) and ulcerative colitis (UC) are known as inflam-
matory bowel disorders (IBD). Patients with inflammatory bowel illnesses are more susceptible to viral infections. In people
with IBD, viral infections have emerged as a significant issue. Viral infections are often difficult to identify and have a high
morbidity and fatality rate. We reviewed studies on viral infections and IBD, concentrating on Cytomegalovirus (CMV),
SARS-CoV-2, Epstein-Barr virus (EBV), enteric viruses, and hepatitis B virus (HBV). Also, the effect of IBD on these viral
infections is discussed. These data suggest that patients with IBD are more likely to get viral infections. As a result, practi-

tioners should be aware of the increased risk of viral infections in inflammatory bowel disease patients.

Introduction

Inflammatory bowel disorders (IBD) are persistent inflam-
mation of the lining of the colon and small intestine, includ-
ing Crohn's disease (CD) and ulcerative colitis (UC), which
refer to a range of chronic inflammatory conditions affecting
the gastrointestinal tract [1, 2]. Whereas UC often comprises
superficial inflammation of the rectum with expansion into
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adjacent mucosa in a continuous manner, Crohn's disease is
defined by transmural inflammation affecting any portion of
the gastrointestinal tract. A third IBD subtype, indetermi-
nate colitis (IC), is characterized by mucosal inflammation
and shares characteristics with UC and CD. Internationally,
IBD incidence is on the rise, according to recent studies.
As many as 11.4 new cases per 100,000 people have been
reported annually in North America children and teenagers
under 18 accounts for 25% of all IBD cases. Compared to
IBD that develops in adults, pediatric IBD is frequently more
severe and widespread [3]. Crohn's disease causes inflam-
mation throughout the gastrointestinal (GI) system, from
the mouth to the rectum, with the terminal ileum and colon
most affected. On the other hand, ulcerative colitis usually
produces long-term inflammation and ulcers in the rectum
mucosa and colon. The CD is distinguished histologically by
thickened submucosa, transmural inflammation, non-ceasing
granulomas, and fissuring ulceration. In contrast, UC causes
superficial inflammatory changes limited to the mucosa, and
sepulcher and cryptitis abscesses [4]. Recent studies have
demonstrated the potential of mAbs to treat IBD, particu-
larly moderate-to-severe UC, and CD. These studies show
how mAbs can precisely target inflammatory pathways at the
molecular level. Vedolizumab (VDZ), ustekinumab (UST),
Infliximab (IFX), and adalimumab (ADA) for both UC and
CD, as well as golimumab (GOL) for UC, are biological
treatments that have become available for patients who have
not responded adequately to conventional therapies such as
immunosuppressants, corticosteroids, and aminosalicylates
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(5-ASAs) [5]. Patients with UC often are undertreated
because of the possibility of curative colectomy and the
perception that the disease burden is lower than that of CD.
Earlier initiation of disease-modifying drugs might reduce
the progression of UC after surgery. However, UC might
not cause the irreversible damage observed in patients with
CD [6].

Persistent pain in the abdomen is a common sign of IBD,
but it is poorly recognized. Furthermore, many people expe-
rience pain in their extraintestinal joints or musculoskeletal
system [7]. Other common symptoms of IBD include stom-
ach pain, weakness, delayed diarrhea, weight loss, fever, and,
in severe cases, rectal bleeding [8].

There are several potential methods by which food may
cause intestinal inflammation, including effects on gastro-
intestinal permeability, changes in the gut microbiome, and
direct dietary antigens. Many immune-mediated inflam-
matory illnesses are linked to dysregulated reactions to
the common microbiota, which can cause inflammation.
This includes the inflammatory bowel illnesses UC and
CD, which are generally acknowledged to derive from dys-
regulated adaptive immune responses to the microbiota
in genetically vulnerable individuals. Even though many
genetic polymorphisms overlap, UC and CD have differ-
ent seroreactivities to microbiota antigens. Patients with
CD respond to various antigens, while those with UC spe-
cifically react to a cross-reactive antigen with perinuclear
antineutrophil cytoplasmic antibodies [9, 10]. An increasing
body of evidence suggests that gut bacteria play a role in
the intestinal epithelial injury. Many factors can affect the
microbial composition and its diversity in the gut, includ-
ing diet, environmental factors, stress, lifestyle, exogenous
probiotics, and antimicrobial medicines, which may influ-
ence intestinal homeostasis [11]. IBD pathogenesis involves
both innate and adaptive immune system cells. T helper 9
(Th9), Th17, Th92, Treg 6 cells, B cells, and Th1 have all
been linked to the beginning or development of intestinal
inflammation in IBD. T cells have received a great deal
of attention, which has led to breakthroughs such as the
creation of efficient medications that target T-cell migra-
tion. However, various innate and adaptive immune cells
with significant immunological functions are present in the
intestinal mucosa (Fig. 1) [12]. The Th2 cytokines IL-4,
IL-13, and IL-5 have also been shown to play a role in the
pathogenesis of UC, according to numerous studies. NKT
cells also contribute to producing these Th2 cytokines [13].
Interferon (IFN-y), IL-6, and tumor necrosis factor-a (TNF-
a), which encourage IL-23A and IL-12 release by dendritic
cells and macrophages, are the central Thl-type cytokines
produced in CD. Production of Th2-type cytokines and, to a
lesser extent, IFN- distinguishes UC [14]. IBD can be treated
with immunomodulators such as steroids and azathioprine,
and biologics such as anti-tumor necrosis factor (TNF) and
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anti-integrin monoclonal antibodies. However, anti-TNF
treatment can lead to opportunistic infections (such as bac-
terial, fungal, and viral infections) (Table 1), and the danger
is more significant when it is used with steroids [15]. In this
article, we look at viruses that play a role in the onset or
progression of IBD.

Cytomegalovirus (CMV)

The CMV genome has the largest genome in the human
herpesvirus family, with a genome size of 236 kbp and more
than 200 open reading frames (ORFs). Herpesviruses have
an icosahedral capsid that contains a double-stranded DNA
genome [16]. Previous studies indicated that pro-inflamma-
tory cytokines in IBD patients, such as interferon-y, TNF-a,
and IL-2, can increase the production of chemokines and
transcription molecules, leading to activated T-cells and
increased CMV reactivation [17]. CMV is more frequent
in pediatric patients with severe refractory colitis with
colonic biopsies. CMV load in mucosal biopsies, on the
other hand, did not appear to be associated with clinical
outcomes, particularly viral clearance from mucosal biop-
sies and the ultimate requirement for colectomy. This means
that even a tiny amount of CMV can trigger a cascade of
inflammatory responses in the patient, leading to refractory
disease [18]. Because CMV is a common cause of refrac-
tory disease, individuals with acute severe steroid-refractory
ulcerative colitis should be tested for the infection. Herpes
simplex colitis is less prevalent in ulcerative colitis patients
and is usually associated with immunosuppression [19]. In
immunocompromised hosts, CMV colitis is an end-organ
infectious consequence that is relatively frequent and hurts
clinical outcomes. The development of CMV colitis, linked
to unfavorable effects, is more likely to occur in adults with
IBD. Due to the lack of clinical or endoscopic signs that
distinguish CMV colitis from colitis linked to inflamma-
tory illness, diagnosing CMV colitis in IBD patients is
challenging. It relies solely on identifying histological or
viral markers in the intestinal mucosa [20]. CMV colitis has
been linked to active illness, immunosuppressive medicine,
steroid therapy, and steroid-refractory disease progression
in IBD patients [21, 22]. CMV disease requires antiviral
therapy, but the timing and duration of the treatment depend
on the amount of virus in the tissues. CMV infection must
be treated in high-grade cases, whereas immunosuppression
may be effective in low-grade cases. Generally, the drug
for treating CMYV disease is ganciclovir [23]. Researchers
compared non-overlapping years from 2003 to 2016 from
the Kids Inpatient Database (KID) and National Inpatient
Sample (NIS). Researchers examined an overall total of
254,839 hospitalizations for IBD. All patients under 21 who
had CD and UC were included. Measures of outcomes, such
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Fig.1 (A) In pathogenic bacteria and viruses (dysbiosis), injury, or
xenobiotics, microbe-associated molecular patterns stimulate the
production of pro-inflammatory cytokines (IL-1, IL-6, and IL-18
from epithelial cells and IL-6, IL-12, and IL-23 from DCs and mac-
rophages) that induce the development of the effector CD4+T cells
THI1 and TH17. Depending on the cytokine milieu, TH2 or TH9 cells
are generated that mediate TH2-type responses or impair epithelial
barrier function, respectively. Intestinal innate lymphoid cells, includ-
ing NK-like cells, respond to pro-inflammatory cytokines upregu-
lating IL-22, which protects the epithelial barrier. (B) A balanced

as in-hospital mortality, the use of medical resources, and
the severity of the disease, were compared between patients
with and without concurrent CMV infection at the time of
admission. The total prevalence rate of CMV infection was
0.3%, and there was a general trend toward higher preva-
lence (P=0.001). Two-thirds of patients with CMV infec-
tion had UC, linked to a nearly 3.6-fold higher risk of CMV
infection. Patients with IBD and CMV had more coexisting
diseases. In-hospital mortality was significantly elevated by
CMYV infection (odds ratio (OR): 3.58; confidence interval
(CI): 1.85 t0 6.93, P 0.001), as was the likelihood of hav-
ing severe IBD (OR: 3.31; CI: 2.54 to 4.32, P 0.001). In
children with IBD, CMV infection is becoming more com-
mon. CMV infections significantly increase mortality risk
and IBD severity, resulting in more extended hospital stays
and more expensive hospitalization [24].

commensal microbiota (eubiosis), intestinal epithelial cells secrete
mucins and antimicrobial peptides, and MAMPs induce the secre-
tion of epithelial cytokines (TSLP, IL-33, IL-25, and TGF-f) that
promote the development of tolerogenic DCs and macrophages. Acti-
vated antigen-presenting cells (APC) initiate differentiation of naive
CD4 + T-cells into Th-2 effector cells (which produce pro-inflamma-
tory cytokines such as TNF-a, IL-5, IL-6, and IL-13). TNF-a and
IL-1 activate the nuclear factor kB (NF-kB) pathway, facilitating the
expression of pro-inflammatory and cell survival gene expression
[100]

Examining the Connection Between
the Pandemic SARS-CoV-2 and IBD

COVID-19 is a contagious respiratory illness that causes a
wide range of symptoms. The first case of COVID-19 patients
was discovered in Wuhan, China, and it immediately became
a public health disaster [25, 26]. This virus's genome con-
tains several smaller open reading frames (ORFs). The ORF
gene family encodes structural proteins such as the spike (S)
glycoprotein, nucleocapsid (N) proteins, membrane (M), and
nonstructural proteins (NSP). Angiotensin-converting enzyme
2 (ACE2) host cell is a receptor for the S protein of SARS-
CoV-2 [25, 27]. A recent meta-analysis of 14 studies, exten-
sively included 50,706 IBD patients, investigated the risk of
COVID-19 or COVID-19-related death in patients with IBD.
By October 2020, 1% of patients with IBD have COVID-19,
a very low prevalence. Only the use of steroids appears to
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Table 1 Viruses are suspected of provoking IBD flares
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affect the risk of COVID-19, contrary to the presumption that
immunosuppressed individuals would be more susceptible to
COVID-19 and severe COVID-19 [28]. In a study, Aziz et al.
reported that in IBD patients receiving immunosuppressive
drugs, SARS-COV-2 reduced ACE2 expression in the gastro-
intestinal tract of IBD patients [29]. Therefore, treating IBD
patients with immunosuppressive drugs has little effect on pro-
tecting IBD patients against COVID-19 because the reduced
expression of ACE2 in gastrointestinal epithelial cells facili-
tates viral entry and infection in the patient [29, 30]. Research-
ers identified high cytoplasmic proteins ACE2 and TMPRSS2
in the colonic epithelium in UC. ACE2 may have a broader
role in modulating gut homeostasis, microbiota, and inflam-
matory response [31, 32]. Notable are the plasma cells that
express ACE2 in the inflamed IBD gut. The high expression
of ACE2 and TMPRSS?2, along with the opposition of plasma
cells in the gut lamina propria, suggests that the digestive tract
may play a role in SARS-CoV-2 entry and the antecedent host
humoral immune response in COVID-19, even though primary
data does not explicitly link gut inflammation to the SARS-
CoV-2 entry mechanism [33, 34].

There were 73 HCs, and 235 patients in total (IBD unclas-
sified (IBDU): 1.7%. CD: 28.9%, UC: 69.4%), of the 235
patients, 128 (54.5%) were using immunosuppressants,
while 107 (45.5%) were not. Two (0.9%) of the 74 sero-
positive patients had a history of SARS-CoV-2 infection,
and none had received the COVID-19 vaccine. Patients
with and without immunosuppressants had similar sero-
prevalence (32% vs. 27%, p > 0.05) and between patients
with and without IBD (28.1% vs. 36%, p > 0.05). Indicat-
ing a high seroprevalence in patients with IBD from North-
ern India, up to 1/3 of IBD patients were seropositive for
immunoglobulin G (IgG) SARS-Cov-2 antibodies [35]. In
other investigations, researchers found that patients with
IBD treated with the anti-TNF drug infliximab, which was
linked to an increased risk of SARS-CoV-2 infection, had
vaccine-induced antibody responses that were less robust
and lasting than patients treated with the anti-integrin drug
vedolizumab, which has a gut-specific mode of action and
does not result in systemic immunosuppression. These find-
ings, and data from other immunosuppressed patient popula-
tions, have given evidence supporting the prioritization of
third primary SARS-CoV-2 vaccine doses for patients with
IBD who receive immunosuppressive therapy [36, 37].

Epstein-Barr Virus (EBV)

EBY, a herpes virus that infects 95 percent of the world's
population, spreads through bodily fluids and blood [38].
The EBYV, particularly well-known for infecting B cells,
is linked to several cancers and autoimmune diseases and
can cause inflammatory diseases such as Crohn's disease
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and ulcerative colitis. Earlier studies have indicated that
EBV-positive cells are detected in the colonic mucosa of
IBD patients, which are caused by increased B cells and
increased EBV replication after immunosuppressive therapy
[39, 40]. Another study indicated that EBV DNA induced
pro-inflammatory responses by activating Toll-like receptor
(TLR) signaling [41]. Andari et al. reported that adminis-
tration of EBV DNA to a mouse colitis model increased
the expression of IL-17A, IFN-A, and TNF-«a in the colon
tissues of the colitis mice compared to the control group.
As aresult, it increases the severity of colon damage. These
findings indicate that EBV DNA increases pro-inflammatory
responses in colitis [42]. Study results showed that EBV
infection increases the prevalence of lymphoproliferative
disorders in IBD patients after using immunosuppressive
drugs [43]. Resulting in a refractory response and increas-
ing severity to anti-TNF-a agents, corticosteroids, and viral
surveillance for EBV in individuals with refractory UC may
aid in understanding the patient’s pathophysiology. In addi-
tion to predicting medication response, developing antiviral
therapies may improve the outcomes of the patients [44].
A 37-year-old man with CD and two men with UC, aged
52 and 38, also developed non-B-cell Hodgkin's lymphoma
linked to the EBV while receiving therapy for IBD. The
first two patients underwent proctocolectomy, and immu-
nosuppressive agents were discontinued, after which the
lymphoma disappeared. For treating steroid-refractory IBD,
azathioprine and 6-mercaptopurine are the main choices.
These immunomodulatory agents have been implicated in
developing EBV-positive lymphomas in solid organ trans-
plant settings. Although this type of lymphoma is a rare
complication of IBD, the incidence in referral centers seems
to be rising. Since azathioprine is a vital medication for IBD,
it is necessary to identify IBD patients at risk for developing
lymphoma. EBV-DNA in blood or feces may be a potential
tumor marker [45]. In a cutting-edge study, researchers in
China conducted a cross-sectional analysis and discovered
that 33 of 99 IBD patients (33.3%) had EBV detectable in
their bodies. High clinical disease activity in IBD patients
may be caused by EBV prevalence in colonic mucosa [46].
In a different investigation, researchers demonstrated that
a UC patient had EBV found in the rectum and terminal
ileum. Overall clinical findings in this patient were consist-
ent with UC. His condition improved after receiving the
recommended UC treatment, as the colonoscopy showed.
Whether EBV is an accelerator or a bystander in the etiology
of IBD is difficult to ascertain [47].

EBV-associated lymphoproliferative disorders (LDP) are
commonly observed in patients with congenital or acquired
immunodeficiency. The liver, spleen, bone marrow, skin, and
lymph nodes, the most implicated organs, are classified as
EBV +B cell LPD or EBV +T/NK cell LPD, covering dis-
ease entities with a wide clinicopathologic range. Because

the symptoms of EBV-associated LPD are similar to those of
IBD in immunocompetent people, most patients are misdiag-
nosed [48, 49]. The following clinical distinctions between
IBD and EBV-LPD with gastrointestinal involvement are
listed: 1. In EBV-LPD patients, fever, particularly unex-
plained high fever, is more common. Suspected IBD cases
with a fever, but no infection is detected [48]. 2. Enlarge-
ment of the liver, spleen, and lymph nodes is commonly
observed in EBV-LPD patients. The differential diagnosis
of EBV-LPD is difficult if the lesions are only found in the
gastrointestinal system. In contrast to EBV-LPD cases, some
IBD patients may experience extraintestinal symptoms such
as primary sclerosing cholangitis, fatty liver, cholelithiasis,
and IgG4-related cholangitis [41]. EBV-associated LPD with
digestive tract involvement in immunocompetent patients is
relatively rare and often misdiagnosed; therefore, diagnos-
ing these entities is often challenging. However, testing for
EBV-DNA, VCA-IgG, and EA-IgG may aid in the differ-
ential diagnosis of EBV-associated LPD [48]. Researchers
conducted a study to describe the EBV status in a juvenile
IBD population, focusing on patients starting thiopurines.
Of the 688 juvenile IBD patients we studied, only 150 (22%)
had verified EBV status, regardless of course of therapy or
age. 83% of those underwent screening, but only 17% had
any reason to suspect an acute illness. Before beginning
treatment, 64 (52%) of the screened patients were exam-
ined, and only 40% had IgG-positive results. The mean age
of the seronegative and seropositive groups did not differ.
Most (63%) patients receiving thiopurine therapy had nega-
tive IgG antibodies before treatment. At a mean (SD) of 2
1.5 years after starting medication, thiopurines were associ-
ated with 80% of primary EBV infections. Most pediatric
IBD patients with verified EBV status were IgG-negative
when thiopurine therapy was started. Thiopurines were addi-
tionally linked to initial EBV infection [50].

Association of Enteric Viruses with IBD

Enteric viruses include enteroviruses, rotaviruses, norovirus,
adenovirus, and sapovirus. Enteroviruses are RNA viruses
of the Picornaviridae family. Enteric viruses could cause
gastroenteritis, encephalitis, respiratory infections, hepatitis,
and paralysis [51]. Interactions between enteric viruses and
bacteria in the gastrointestinal tract show that these interac-
tions are crucial in regulating enteric virus infections in IBD
[52]. The enterovirus was found in the terminal ileum of
CD patients, according to Nystrom et al. [53]. Interactions
between enterovirus and HBGA-like molecules explain why
these viruses are harmful during IBD [54]. The most exten-
sive current study included data-crossing from 9403 patients
in whom 13,231 stool tests were carried out using a gastroin-
testinal pathogen PCR panel over two years. It demonstrated
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Table2 Some drugs are used in the treatment of IBD

Drugs Mechanisms

Effect on another disease

Categories References

Immunosuppressive drugs Reduced angiotensin-converting
enzyme 2 (ACE2)

Risankizumab IL-23 inhibitor

Ustekinamab Targeting the p40 subunit of the
IL-12 and IL-23 prevents it
from attaching to the IL-12R1
chain of its receptors

6-thioguanine (6-TG)

inhibiting Racl activation

little impact on protecting IBD
patients against COVID-19

Help to recover from COVID-19
disease

For the treatment of Crohn's
disease, and ulcerative colitis

Immunosuppressive drugs [30]
Humanized monoclonal antibody [97]

A human IgG1 kappa monoclo-  [98]
nal antibody

inhibiting rotavirus replication by A reasonable therapy therapeutic Anticancer and immune-sup- [64]
option for IBD patients who

pressive

are infected with rotavirus or
for patients who are at risk of
rotavirus infection

Infliximab
(TNF-a), anti- (TNF)

anti -Tumor necrosis factor-alpha Immunosuppressive
and increasing risk of HBV

A chimeric monoclonal antibody [99]

reactivation

a clear connection between enteric viruses and IBD flare-
ups. In this study, Axelrad et al. compared 577 IBD patients
(277 CD and 300 UC) to 8826 controls and found that both
CD and UC patients experienced higher rates of Enteroin-
vasive Escherichia coli (EIEC) and enteric infections (such
as norovirus; p 0.001) during IBD flare-ups [55, 56]. During
their 1-year trim-estral follow-up, 286 IBD patients partici-
pated in a prospective study in the Dutch cohort to look for
enteric viruses in stool samples. The findings revealed a low
incidence of enteric viruses in both active and baseline IBD,
and there was no epidemiological evidence between enteric
virus infections and disease activity [57].

Biological processes of enteric viral interactions during
IBD include the recruitment of inflammatory cells in the
mucosa and the production of pro-inflammatory cytokines.
TNF-a and IFN-A secretion is induced by enteric viruses and
is implicated in IBD pro-inflammatory pathways. Cytokines
such as IL-17, IFN-A, Th1, and Th17 worsen the symptoms
of CD and UC [58]. Enteric viral infections in children
have been studied to discover whether immune suppression
increases the risk of viral gastroenteritis. Research gathered
151 fecal samples from HIV-infected infants and adults, both
with and without diarrhea. Calicivirus (norovirus family)
infection was more common in HIV-positive children (51%
vs. 24%) than in HIV-negative children [59] (see Table 2).

Rotavirus (RV)

RV is a non-enveloped triple-layered segmented double-
stranded RNA (dsRNA) virus that infects mature intestinal
epithelial cells (IECs). It is the most significant cause of
dehydration, diarrhea, and severe gastroenteritis in young
children and newborns worldwide, with over 200,000 deaths
each year [60]. RV has long been considered a winter illness,

@ Springer

particularly in temperate climates. RVs are divided into ten
different species (A-J). Rotaviruses of species A are the
most common source of infections in children, with spe-
cies B and C accounting for a lesser but significant per-
centage of infections worldwide [61]. The RV vaccination,
approved for use in newborns in 2006, was suspected of
causing an increase in the frequency of IBD among children
in the United States. Attenuated RV vaccination may cause
immunological dysregulation and inflammation of the gut
mucosa. The findings of this sizeable pediatric cohort show
a slight increase in IBD incidence in young children over
ten years. Still, according to the results, RV vaccination is
not associated with the development of IBD [62, 63]. In
the past, 6-TG was used to treat cancer, but nowadays, it is
widely used to suppress the immune system during organ
transplantation. Additionally, it is used to treat autoimmune
disorders and pediatric acute lymphoblastic leukemia [64].
To understand the mode of action of 6-TG on RV replica-
tion, researchers used laboratory RV strain (SA11). 6-TG
decreases RV replication in the intestinal epithelium. Racl
gene knockout or knockdown, a cellular target of 6-TG, sig-
nificantly reduces RV replication, showing that Racl plays
a supporting role in RV infection. They also showed that
6-TG might effectively suppress the active form of Racl
(GTP-Racl), which is thought to cause 6-TG's anti-RV activ-
ity. Unlike overexpression of GTP-Racl, RV replication is
inhibited by an inactive Racl (N17) or a particular Racl
inhibitor (NSC23766). Finally, 6-TG inhibits RV replication
by inhibiting Rac1 activation. Thus, the 6-TG is a reasonable
therapeutic option for IBD patients infected with RV or at
risk of RV infection [64].

RV infection was associated with an increase in bacteri-
cides and Akkermansia genera in the ileum over time, and
a decrease in Lactobacillus [65]. Increased secretion of the
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significant mucin protein Muc?2 in the small intestine has
also been linked to RV infection. Mucin-producing cell
lines and human jejunal enteroids were examined in this
study. According to in vitro and silico studies, Bacteroides
thetaiotaomicron and Akkermansia mucinphila break down
glycans that act as RV decoy receptors. The infectivity of
RV was lowered when pure Muc2 from germ-free mice
was incubated with it before the infection of MA104 cells.
This response was blocked when germ-free Muc2 was pre-
treated with A. mucinphila and B. thetaiotaomicron. These
results suggest that A. mucinphila and B. thetaiotaomicron
are involved in RV infection during the acute phase [66].
In another study, researchers used dextran sulfate sodium
(DSS) to induce colitis 6 or 14 days after adult RV infec-
tion to see if RV imprinted long-lasting alterations in the
intestinal immune system or microbiota that would have
an effect on intestinal health in the future. In mature mice,
viral clearance is often finished by day 6. Significantly, 1%
DSS dosing did not change the viral shedding curve when
given concurrently in the prior study. RV infection in adult
mice is immunogenic but asymptomatic, mainly reflect-
ing the response to vaccination. According to the findings,
neither adult RV infection nor immunization affects the gut
microbial population or the severity of inflammatory bowel
disease in a wild-type environment. Neither the seriousness
of subsequent DSS-induced colitis nor any substantial long-
term alterations in the small or large intestine's microbial
population was influenced by RV infection. Hence, adult
mouse RV infection has no long-term consequences on intes-
tinal homeostasis [67].

Norovirus (NV)

Noroviruses constitute a genus in the Caliciviridae family
of positive-strand RNA viruses, including several addi-
tional genera. The norovirus virion comprises 90 dimers
of the major capsid protein VP1 and one or two copies of
the minor structural protein VP2. A virion containing a sin-
gle major capsid protein is unique among animal viruses.
It more closely resembles the capsid composition of plant
viruses such as tomato bushy stunt, southern bean mosaic,
and turnip crinkle. VP1 and VP2 are synthesized from a pro-
tein-linked subgenomic RNA containing ORF2 and ORF3
[68]. In humans, NV challenges have demonstrated higher
amounts of Th1 lymphocytic cytokines such as IL-8, IL-10,
and TNF. Following NV or RV infections, IFN-A, IFN-a,
and IFN- may trigger an antiviral gene expression cascade.
It is still unclear what function enteric virus infections play
in IBD-related interferon pathway dysregulation. Because
many patients receive anti-TNF drugs, the interferon anti-
viral response may be downregulated, affecting the course

of intestinal epithelial repair. However, other pathways help
to explain enteric viruses' preventative function in the onset
of IBD. For example, enteric viruses may lessen intestinal
inflammation by releasing interferon-p (IFN-f), mediated by
TLR3 and TLR7 [57]. Previous studies showed that interac-
tions between NV with tuft cells regulated the inflammatory
cytokines such as IL-25 and IL-17 in the pathogenesis of
IBD [69]. Other studies indicated that exchanging NVs with
Enterobacter cloacae could inhibit NV binding to intestinal
cells or increase NV infection in IBD patients [70].

Tarris et al. studied the interaction of human noroviruses
(HuNoVs) and blood-type antigens in refractory CD and
UC patients using HuNoV virus-like particles (VLPs) and
histological tissues. Colon and rectum mucosal regenera-
tion investigation revealed increased expression of sialylated
Lewis x (sLex) and Lewis a (sLea) antigens, and HuNoV
VLP binding in the absence of ABO antigen expression in
CD and UC. Experimental competitions conducted with
lectins, monoclonal, and sialidase antibodies revealed that
HuNoV attachment was mainly dependent upon Lea and, to
a lesser extent, Lex proteins on regenerative mucosa in both
UC and CD. This research showed that during CD and UC
flare-ups, Lex and Lea antigens, alone or in combination
with a sialic acid moiety, were responsible for HuNoV cap-
sid identification on inflammatory and healing tissues [71].

In a case—control retrospective analysis, Khan et al. found
that NV infection is linked to IBD exacerbation. The fact
that NV illness is more likely in the winter months is backed
up by two recent research that implies the same thing. They
conducted a retrospective chart analysis of patients with IBD
experiencing an aggravation of their disease. An enzyme-
linked immunoassay was used to check for the presence of
NV in rectal and/or stool swab samples, age, sex, type of
IBD, absence or presence of hematochezia, diarrhea, and the
requirement for hospitalization were all assessed. The authors
conclude that NV infection is more likely associated with
hematochezia when IBD is present [72]. In another study, nine
patients with IBD (8 UC/1 CD) had exacerbations with diar-
rhea. Eight had norovirus antigen in at least 1 sample. All nine
patients with IBD presented bloody diarrhea and six of the
eight norovirus-positive patients with IBD required hospitali-
zation. All control patients experienced diarrhea; however, no
hematochezia was noted, and no hospitalization was required.
Several patients with IBD and controls remained positive for
NV months after the initial positive stool and/or rectal swab
sample. The virus appeared to be more common during winter
months. This study showed that norovirus might be associated
with exacerbations of IBD. When norovirus accompanies IBD,
it is more likely to be associated with hematochezia than when
the infection occurs without IBD [72].
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Hepatitis B Virus and Inflammatory Bowel
Disease (HBV and IBD)

The hepatitis B virus is a widespread infection worldwide.
HBYV is a DNA virus of the Hepadnaviridae family that is a
significant cause of morbidity and mortality [73]. The preva-
lence of HBV infection varies geographically, with areas of
low (<2%), medium (2-7%), and high (> 8%) endemicity [74].
HBYV prevalence in IBD patients has been studied in several
research [75]. The reactivation of hepatitis is one of the con-
cerns related to immunosuppressive treatments of IBD patients
[76]. It is defined as the recurrence of viral replication, also a
1.5-twofold increase in alanine aminotransferase (ALT) levels
compared with the baseline level [77]. In patients with IBD,
HBYV is an increased risk of liver fibrosis [78]. The mecha-
nisms that promote the induction of liver fibrosis in patients
with chronic hepatitis B include pathway signalings, such as
WNT-signaling PI3K/Akt/mTOR Ras/ERK1/2 and p53 [79].

Immune modulators, monoclonal antibodies, and immune
modulators such as anti-integrin drugs and anti-TNF-a agents
have transformed the medical care of IBD patients [80]. In
individuals with IBD, using these drugs has resulted in a better
rate of mucosal healing. Infectious problems, mainly those pre-
ventable by immunizations, such as hepatitis B, are more com-
mon in patients with IBD. Although HBV's efficacy has been
shown in the healthy population, studies on its effectiveness in
patients with IBD who are on immunosuppression are limited
[81]. In addition, Cekic et el. showed that the likelihood of
achieving a sufficient immune response with standard HBV
protocol in IBD patients was low, particularly in older patients
with illness flare. A more immunogenic vaccination protocol
in immunocompromised patients may be a better way to elicit
an efficient immune response [82]. Kochhar et al. showed that
IBD patients might benefit from a more extended hepatitis-
B vaccination program. The authors reported a statistically
inferior vaccine response in individuals with IBD compared to
those without (healthy controls). According to a meta-analysis
of 14 studies involving 2375 patients, IBD patients on immu-
nosuppression had a considerably lower HBV response than
the general population [83].

The Role of Bacteriophages in the Formation
of Intestinal Dysbiosis and the Progression
of IBD

Bacteriophages, as bacterial predators, are essential in
microbial species evolution [84]. The structural contents
of bacteriophages are composed of nucleic acid and pro-
tein. Phages exert their effects on their host, including four
main methods: the lithic phase, the lysogenic phase, the
quasi-lysogenic phase, and prophage. Since the human
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intestinal microbiome is essential in many diseases, it is
expected to play an important role in IBD [85]. Bacterio-
phages, which predominate in the gut, have a role in form-
ing intestinal dysbiosis, which aids the progression of IBD
[86]. Caudovirales phages include Myoviridae, Podoviri-
dae, Siphoviridae, and Microviridae members, all com-
mon in the human gastrointestinal tract [85]. The presence
of phages in various kinds of IBD, such as UC and CD,
is generally manifested differently. Phages are expressed
differently in IBD patients than in healthy people (one
phage may be more or less expressed than another). The
caudovirales phage, for example, is negatively associated
with various intestinal bacteria and is more prevalent in
CD patients than in UC patients [87]. Phages in the gut
are anticipated to impact the abundance and diversity of
bacteria in IBD significantly. Bacteriophages influence the
bacterial flora in the gut through multifactorial methods
[87] (Fig. 2).

Studies on the microviridae phage suggest an essential
link between this virus and IBD. Microviridae and crAss-
like phages, on the other hand, are primarily observed in
healthy people [88]. Other studies have shown that in the
early form of IBD, the ratio of caudovirales to microviri-
dae is higher than in healthy individuals [89]. The virome
is regarded as one of the most influential factors in the
human gut microbiota but is also one of the least known
[90]. Bacteriophages dominate the virome in many micro-
bial communities, enhancing diversity, increasing nutrient
turnover, and facilitating horizontal gene transfer. Under-
standing the role of bacteriophages in microbial com-
munity structures is crucial for recognizing and treating
changes in the composition and diversity of the human gut
microbiome, which are associated with various disorders,
including IBD [91].

In a study published in 2020, Nishiyama et al. detected
a bacteriophage in stool samples of UC patients that con-
taminates beneficial bacteria in intestinal homeostasis and
causes IBD [92]. By bioinformatics tools, Farahmandzad
et al. investigated differences in bacteria, fungi, archaea,
and bacteriophage interactions in the gut microbial com-
munity of females and males in IBD patients. They dis-
covered four bacteriophages for further research into IBD
metabolism, including Enterobacteria phage If1, Escheri-
chia phage prol47, Streptococcus phage SpSL1, and
Streptococcus virusSfil9. In terms of microbial interac-
tions, this finding demonstrated a remarkable similarity
between females and males with UC and those of other
study groups. According to this research, bacteriophages
were the most common microbes detected in microbial
interactions [93]. Because of the thinner mucosal barrier,
phage interactions with mucosal glycoproteins may be
decreased. Furthermore, defects in the epithelial barrier
may allow numerous phage particles to migrate into the
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Fig.2 A simplified model of bacteriophages' potential function in
gut flora management. A: Bacteriophages may boost the fitness of
commensal bacteria in the healthy gut by transmitting genes that
aid in eliminating dangerous bacteria or are environmentally advan-
tageous. Furthermore, phages interact directly with glycoproteins
in the mucous layer, providing defense against invading pathogens.
The presence of phages in some healthy people's blood shows that
they may be able to breach the gut epithelial barrier. B: In inflam-
matory bowel disease, more phages are detected in the mucous layer.

lamina propria or the bloodstream. In the lamina propria,
the phage may function as a local immune response aciva-
tor. After transfer to the systemic circulation, a systemic
immune response may ensue [87].

Conclusion

Inflammatory bowel disease, also known as the "disease
of the century", is a complex condition affecting millions
worldwide. Many variables, including lifestyle, gut micro-
bial ecology, and genetics, influence IBD. However, the
role of microorganisms in disease causation and treatment
is unknown. We reviewed the evidence on viral infections
and IBD, focusing on CMV, SARS-CoV-2, EBV, EV, and
HBV. The studies discussed herein suggest that the risk

Inner mucus  Quter mucus

White blood cell

Lamina

Outer mucus Inner mucus Blood vessel

Immune cells

Commensal bacteria

Higher phage populations may have a role in reducing the number
of commensal bacteria and accelerating the transfer of genes that
benefit the environment to pathogenic bacteria. Because of the thin-
ner mucosal barrier, phage interactions with mucosal glycoproteins
may be decreased. If the epithelial barrier is breached, phage parti-
cles may travel into the lamina propria or circulation. In the lamina
propria, phages may operate as a local immune response activators.
After translocation into the systemic circulation, a systemic immune
response may develop

of viral infections may be higher in individuals with IBD.
Viral infections and IBD are intimately linked on numer-
ous levels, including disease pathogenesis, consequences,
and treatment, as well as, as a standalone therapy. Infec-
tions are still a leading cause of death in patients with
IBD, a significant source of concern. Future research
should be conducted to determine the link between viral
infection and IBD, and the best treatment options for peo-
ple infected with these viruses. Because no test exists to
assess the degree of immunosuppression in people with
IBD, future research should focus on biomarkers that can
predict who is more likely to get opportunistic infections.
Such biomarkers would allow for improved surveillance
and preventative steps to be implemented during an out-
break. In addition, we must clarify and integrate the effects
of the microbiome and environment on IBD and gain new
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insights into the mechanisms governing critical aspects of
IBD, such as horizontal gene transfer, immunogenicity,
and the composition and pathways of viruses.
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