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Abstract
The colon has a large surface area covered with a thick mucus coating. Colon's biomass consists of about
1,012 colony-forming units per gram of feces and 500-1,000 distinct bacterial species. The term
inflammatory bowel disease (IBD) indicates the collection of intestinal illnesses in which the digestive system
(esophagus, large intestine, mouth, stomach, and small intestine) experiences persistent inflammation. IBD
development is influenced by environmental (infections, stress, and nutrition) and genetic factors. The
microbes present in gut microbiota help maintain intestinal homeostasis and support immune and epithelial
cell growth, differentiation, as well as proliferation. It has been discovered that a variety of variables and
microorganisms are crucial for the development of biofilms and mucosal colonization during IBD. An
extracellular matrix formed by bacteria supports biofilm production in our digestive system and harms the
host's immunological response. Irritable bowel syndrome (IBS) and IBD considerably affect human
socioeconomic well-being and the standard of living. IBD is a serious public health issue, affecting millions
of people across the globe. The gut microbiome may significantly influence IBS pathogenesis, even though
few diagnostic and treatment options are available. As a result, current research focuses more on disrupting
biofilm in IBD patients and stresses primarily on drugs that help improve the quality of life for human well-
being. We evaluate studies on IBD and bacterial biofilm to add fresh insights into the existing state of
knowledge of biofilm formation in IBD, incidence of IBD patients, molecular level of investigations, bacteria
that are involved in the formation of biofilm, and present and down the line regimens and probiotics.
Planning advanced ways to control and eradicate bacteria in biofilms should be the primary goal to add fresh
insights into generating innovative diagnostic and alternative therapy options for IBD.

Categories: Internal Medicine, Gastroenterology, Epidemiology/Public Health
Keywords: drugs for inflammatory bowel disease, human gut microbiota, epidemiology of inflammatory bowel
disease, crohns disease, ulcerative colitis

Introduction And Background
Crohn's disease (CD) and ulcerative colitis (UC) are the predominant subtypes of inflammatory bowel disease
(IBD). This may have an impact on the entire gastrointestinal tract (GIT). Chronic IBD is diagnosed by
comparing endoscopic, clinical, and histological, along with radiographic data, and comprises a relapsing or
remitting course [1,2]. UC is a chronic, recurrent, and idiopathic IBD characterized by significant
inflammation and immunological responses (cytokine production and T-helper cell) in the intestinal mucosa
affecting adults aged between 30 and 40 years. It has a relapsing and remitting course, and ulcers emerge in
the distal large intestine; ultimately, the inflammation spreads over the proximal bowel [3-5]. UC may
significantly impact one's standard of living, and if oral medications are unsatisfactory, surgical excision of
affected intestines showing ulcer would be needed, resulting in disability. Several microorganisms,
including Fusobacterium spp. (species), Shigella spp., adhesive Escherichia coli (AIEC), is being discovered in
an inflammatory colon. Until now, no such causative microorganisms have been liable for UC [3-5]. On the
other hand, CD exhibits transmural inflammation along with epithelioid granulomas in the GIT tissues with
elevated levels of interferon-gamma and T-helper cell (Th1) responses [6,7]. CD primarily affects the lower
end of the small intestine, excluding the rectum; skip lesions are typical and primarily impact the young age
group. It has a relapsing and remitting nature, and the illness evolves from moderate to severe, causing
fistulas and strictures that lead to permanent impairment [6,7]. CD patients typically have higher levels of
immunoglobulin G (IgG) antibodies. Bacteroides spp. were the most prevalent bacterial species observed.
Compared to 15% in UC patients, it shows total mucous bacteria of about 80%. Additionally, it has been
established that AIEC manifests in CD [6,7]. IBD has a complicated etiology induced by several events, with
immune dysfunction eventually underlying its progression [8,9]. Biofilms offer several environmental,
industrial, and health advantages [10,11]. Bacteria adhere to surfaces and are integrated into the
extracellular matrix of proteins, polysaccharides, nutrients, and nucleic acids, to form biofilms [12]. Because
endoscopy is necessary to reach these surfaces, studying biofilms in the GIT is far more challenging.

Review
Methodology
With this review, the following objectives are being pursued.
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Biofilm's Impact on IBDs

Electronic databases such as Google Scholar, Medline, PubMed, and Embase are used to search English-
language literature. The search methodology applied a systematic approach to identify relevant studies for
the review. The method included searching numerous databases, screening articles, defining the exclusion
and inclusion criteria, and selecting the final article for the review. The search terms were "Biofilm,"
"Incidence of IBD," "Inflammatory bowel diseases," "Techniques for biofilm detection," "ulcerative colitis,"
"treatment for inflammatory bowel disease," "Crohn's disease," and related synonyms. The writer's
experience aided the availability of relevant articles on the topic and expertise. Inclusion criteria
encompassed studies devoted entirely to biofilms and bacteria linked to biofilm development in
patients with IBD, with a focus on the clinical aspects of IBD diagnosis and treatment options in peer-
reviewed articles. Exclusion criteria include nonhuman studies, studies not directly related to IBD, and
studies lacking full-text articles and conference abstracts. The search covered only the papers published
from the databases' inception until now, with no explicit date constraints. It ensured that the most current
study on the subject should be included. Only the articles which are published in English literature are taken
into account. The inclusion criteria were satisfied by 94 articles included in the final review. Figure 1 depicts
the research methodology showing a flow diagram of the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) approach.

FIGURE 1: Flow diagram of the literature review.
Author's own creation.

Incidence
Age-specific incidence of patients affected by IBD is more significant in the second and third decades of life,
with estimates of over 100-200 per lakh for UC and 6.6 per lakh for CD cases [13,14]. Furthermore, the
pervasiveness of IBD in children and adults is rising in developing nations across the globe [15,16]. IBD is a
significant public health concern across the globe. It was formerly found in considerable proportions in
Australia, western and northern Europe, and North America [17,18]. And yet, it shows a considerable vast
geographic distribution and rising frequency in the previously considered low-risk countries. Urbanization,
alteration in eating habits (e.g., modernization of Indian food), underlying genetic predisposition,
improvements in environmental conditions, and sanitary measures are the major risk factors in the
development of IBD [19,20]. Recently, hospital-based studies have revealed a frequent rise in patients with
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IBD [21]. This might be attributed to increasing physician awareness, better diagnostic processes, and more
accessible and improved access to specialized healthcare systems.

IBD risk factors
The prevalence of IBD is significantly impacted by race, urbanization, industry, the hygiene hypothesis,
smoking, air pollution, helminthic exposure, and autoimmune disorders. And the body's immune response
to these recurring stressors [16]. However, smoking shows a guarding phenomenon in UC, whereas it's an
aggravating factor in CD patients. Recent research describes urbanization as a critical risk factor in the
development of IBD. Also, air pollution in cities is linked with the development of IBD in earlier stages of
life. Occupation exposure, such as manufacturing and driving, has been linked with developing IBD [16]. The
hygiene hypothesis states that lack of exposure to helminths or enteric pathogens, better food handling, and
hygiene protocol increase the chances of developing IBD in humans [16]. In relatives with UC or CD, there is
an 8% to 10% likelihood of developing IBD. Concordance exists between twins with IBD. Genetic factors
contribute more to CD than UC in the emergence of IBD. Genetic and environmental factors are needed for
the onset of IBD [8]. In newborns born from consanguineous marriage, autosomal recessive mutations in the
gene encoding the interleukin-10 (IL-10) cytokine, the IL-10 receptor, and nucleotide-binding
oligomerization domain protein 2 (NOD2) have been linked to severe types of CD [8]. It's also common in
genetic illnesses that alter glycogen storage disease type 1B and neutrophil function [8].

Molecular mechanism and connection between biofilms and IBDs
Broadly, the formation of a biofilm involves a two-step process comprising adhesion and maturation stages.
The adhesion stage initiates with bacteria adhering over the substrate surface and progresses toward the
maturation stage, which involves the proliferation and differentiation of related cells. Surface adhesion and
cell-to-cell communication signal-controlled pathways were used for both stages [22]. Studies have revealed
that bacteria's activity in biofilms boosts adaptive evolution rates under survival-enhancing stress
conditions. Many pathways that enhance genomic diversity and selection in survival invent heritable small
colony variations (SCVs) [23]. The genetic alterations produced impact various aspects, including bacteria's
behavior in a biofilm. Some biofilm-derived variants may have a better dispersal capability, while others
may generate biofilm quicker. Besides, an entire of this functionally different microbiota improves biofilm
performance to withstand enormous environmental stresses. SCVs have been associated with lifelong
infection and in vivo perseverance [24-26]. Studies showed quorum sensing (QS) as a communication
mechanism in Pseudomonas aeruginosa strain's biofilm activities [23]. Another experiment showed that the
planktonic batch culture showed no variants; later, when the period was extended to five days, it showed
SCVs. Several biological processes are affected by diversity, including motility, dietary needs, secreted
product synthesis, colony architecture, and three biofilm phenotypes: hyper biofilm development, rapid
detachment, and more excellent biofilm-mediated resistance [23]. Gram-negative bacteria release
pyomelanin, which increases UV tolerance and host defenses. The hyper-detachment phenotype of the
micro variant may provide a benefit to the population by enhancing the dispersion and colonization of new
places [23]. Staphylococcus, Pseudomonas, and Enterobacteriaceae colonies were 10 times smaller than
usual, and SCVs could revert to average growth [25]. Bacteria that hold onto a surface and form a biofilm are
immune to conventional antibiotics. Bacteria in biofilms are enveloped with an exopolysaccharide matrix
that might limit antibiotic diffusion [25]. 

Microbes causing biofilm formation
Various microbial species, such as bacteria, fungi, and archaea, reside in the human gut's complex anaerobic
environment. Culture-independent 16S rRNA study is employed to investigate the microbial diversity in the
gut. According to these studies, the GIT is dominated by Gram-negative Bacteroidetes along with Gram-
positive Firmicutes, with methanogens and Actinomycetes occupying minor roles [27]. The vast majority of
Firmicutes have been identified as butyrate-producing bacteria or clostridia. Several Actinomycetes and
Proteobacteria were also discovered, with Bifidobacteria (an Actinomycetes subtype with health-promoting
qualities) accounting for 5% of the microbiota. Methanobrevibacter smithii and Methanosphaera
stadtmanae exhibited archaeal diversity. Blastocystis species (unicellular along with several multicellular
protists) and scanty fungi concern the Basidiomycetes or Ascomycetes, with the mass belonging to the genus
Penicillium glabrum, Candida glabrata, Candida albicans, Penicillium verruculosum, Penicillium sacculum,
and Penicillium italicum [27]. Several investigations aimed at differentiating resident microorganisms in
healthy persons' guts from those in the guts of patients with IBD discovered a universal decline in bacterial
variance in IBD. Furthermore, there was a decline in methanogen variance and an incline in fungal variance
in GIT of patients with IBD [28,29]. Microbial communities crowded over inflamed gut surfaces; moreover,
the microbial communities in healthy gut tissues did not vary. Several studies have also discovered
dangerous microbes in GITs of patients with IBD. C. albicans, Chlamydia pneumonia, Saccharomyces
cerevisiae, Mycobacterium avium subspecies paratuberculosis, Listeria monocytogenes, and AIEC are all
identified as more potent pathogenic microorganisms in the transmission of CD. Bacteroides, Eubacteria,
and Peptostreptococcus count increase in CD, whereas Bifidobacteria levels decrease dramatically [30-32]. 

In addition, the frequency of facultative anaerobic bacteria is higher in UC. E. coli is being demonstrated to
promote the production of cytokines in inflamed guts of patients with IBD. In genetically susceptible hosts,
AIEC, a facultative pathogen, has been related to CD [30-32]. Besides, these studies have found the link
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between IBD and infections, and the pathogenic bacteria that causes CD or UC is unknown. IBD may be
caused by an alteration in the overall microbe population in the GIT (intestinal microbe biofilms) rather than
a specific microbial infection [33,34]. It might also be caused by mistaking common, commensal bacteria as
pathogens, resulting in inflammation and immune responses. In terms of species along with concentration,
a transition in intestinal microbiota or misrecognition by the individual's immune mechanism is defined as
genetic dysbiosis [33,34]. These constantly shifting gut microbiota can change the genes' expression in
various gastrointestinal functions. Furthermore, it can induce inflammation and sickness in genetically
susceptible patients with immune response gene mutations or polymorphisms [33,34]. Figure 2 describes the
classification of organisms involved in patients with IBD [35].

FIGURE 2: Infectious agents suspected in IBD.
Author's own creation.

IBD, inflammatory bowel disease

Molecular techniques for biofilm detection
Biofilms are highly structured bacterial populations that bind abiotic surfaces such as medical equipment to
biotic surfaces like the host cells, and these are surrounded by a self-formed extracellular polymeric matrix
[36]. Because of their tenacity, they are resistant to many antimicrobials and escape from the human defense
system. Biofilm-forming microbe infections remain substantial clinical problems [37]. The development of
biofilms is linked with increased morbidity and mortality rates, as well as hospital expenses, especially
devices needed like implants and catheters [38]. Despite years of study, identifying biofilm-related disorders
remains challenging since people affected with biofilms do not have distinct symptomatic manifestations
and presentations. Even if there are established protocols for recognizing biofilms in research facilities,
there is yet to be an equivalent strategy in clinical practice. 

In Vitro Techniques for Biofilm Detection 

Direct observation techniques, such as light microscopy, electron microscopy, and confocal microscopy, can
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be categorized as imaging techniques that may be used to investigate the complexity and dynamics of
biofilms. Researchers might use these technologies to analyze biofilms and visualize their three-
dimensional (3D) dynamics [39]. The light microscope is the most convenient and time-efficient approach
for investigating the analysis of microorganisms adhering to surfaces and semi-quantitatively assessing the
number of microorganisms adhesive over the surface (present, absent, abundant, or unusual) [40]. Following
sonication or fluorescence in situ hybridization (FISH), electron microscopy can visualize microbial
aggregation. The most widely used appliance is confocal laser scanning microscopy (CLSM), transmission
electron microscopy (TEM), and scanning electron microscopy (SEM) [41]. This method's high resolution
enables visualization of biofilms visualization, direct detection, and thorough structural findings [41]. In
TEM, along with SEM the samples needed to be fixed, then they are dehydrated and later dyed, all of which
might alter the form and structure of the biofilm under study [41]. The CLSM has the advantage of
presenting a detailed view of the 3D biofilm structure, granting the recognition of macromolecules, the
components residing in the biofilm, and the extracellular matrix [41]. In the FISH technique, probes bind
over the ribosomal RNA of the spotted organisms, which can be used to recognize specific microorganisms
in varied biofilm populace [42]. Because the number of ribosomes in the individual bacteria precisely
correlates with its growth action, FISH may be used to estimate the growth rate of organisms in biofilm. The
FISH method allows prompt sample testing without any prior preparation and quickly detects microbial
aggregation [43]. Although in vitro biofilm research has undoubtedly contributed to our conclusion of
biofilm biology, various current methodologies analyze biofilms in conditions other than those in which
they are formed [44]. 

These indirect observation techniques can be categorized as follows: tube formation of biofilm, the Congo
Red Agar (CRA) test, microtiter plate assay, roller plate method, and polymerase chain reaction. The roll
plate technique is a semiquantitative method of analysis, which helps investigate desirable microbial
colonization over the outer surface of cylindrical devices like vascular grafts and catheters [45]. In the
procedure to count the number of the colony-forming unit, the tip of therapeutic devices is rolled
backward and forward onto the agar plate surface and later incubated and counted. Microtiter plate assay is
a quantitative method of biofilm detection performed with a microtiter plate reader. It is a low-cost
approach for testing several samples simultaneously [46]. Depending on the colony color variations on the
CRA test. CRA identifies biofilm-producing microorganisms. It's a brief, sensitive, yet qualitative
examination. On CRA, the black colonies indicate more potent biofilm creation, whereas a lack of biofilm
production is identified by detecting red colonies [47]. Tube biofilm formation (TBF) test is a technique for
detecting the presence of bacteria that produce biofilm. Isolates are placed in plastic tubes and cultured for
over 24 hours at 37 °C. Nonadherent bacteria are washed away with buffered solutions, whereas sessile
isolates that form biofilms over the sides of polystyrene test tubes are inked with crystal violet or safranin.
After air-drying, discolored films on the bottom and sides of the test tubes indicate biofilm production [48-
50]. Polymerase chain reactions (PCRs) detect biofilm-associated genes and diagnose specific infections by
amplifying specific nucleic acid sequences, even in uncultured clinical samples after sonication [51]. For
identifying biofilm-forming microorganisms in clinical samples such as blood, urine, cerebrospinal fluid,
wound samples, pleural fluid, and sputum, reverse transcriptase PCR, multiplex PCR, and real-time PCR are
all used [52]. 

In Vivo Biofilm Detection Methods

Due to the ethical and logistical challenges, participating in such experiments requires studies that utilize
models of mammalian origin for the in vivo biology of biofilm. Optical coherence tomography (OCT) and
low-coherence interferometry (LCI) and QS are the types of techniques used for in vivo detection of
biofilms. Both OCT and LCI are noninvasive approaches and use a higher resolution of deeper range and
imaging [53,54]. Despite breakthroughs in research over the last 30 years, microorganisms that form biofilms
remain a severe public medical issue because biofilms are associated with an elevated risk of antibiotic
resistance and a worse patient outcome prognosis [55]. Since current detection tools are considerably
efficient in research settings and clinical approaches, biofilms and their clinical recognition remain
unsolved. Furthermore, studies are required to develop more trustworthy and efficient strategies for faster
biofilm detection and raise the possibility of more efficient ways of infection control used in clinical practice
[55]. Two potential strategies involved the analysis of essential metabolites present in biofilms of the stool
samples and the identification of bacteria that are often found in biofilms. By QS, we can recognize the
extracellular signals that bacteria produce and release in the form of chemical substances called auto-
inducers. Gene expression varies in all bacterial cells when a particular number of auto-inducers are present.
This fluctuation in gene expression is linked to differences in cell population density [56]. QS
communication in bacteria affects various physiological processes, such as antibiotic production, biofilm
formation, motility, competence, symbiosis, sporulation, conjugation, and pathogenicity. Auto-inducers
can communicate both within and across bacterial species. Oligopeptides are the autoinducers produced by
Gram-positive bacteria and acylated homoserine lactones produced by Gram-negative bacteria
[56,57]. Golińska et al. [58] studied enterococci (Enterococcus faecalis) pathogenicity in IBD. Several genes
that code for virulence factors are expressed (extracellular surface protein, gelatinase, hyaluronidase, and
cytolysin) and are studied in control groups and patients with IBD. Such strains are also linked with QS genes
fsrA-C, which regulate by synthesizing such virulence factors [58]. Table 1 summarizes the whole of the
molecular methods of biofilm detection [35].
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Techniques of
biofilm detection

Working principle

In vitro techniques of
biofilm detection

Direct observation: electron microscopy, fluorescence in situ hybridization, light microscopy. Indirect observation:
roll plate method, microtiter plate assay, Congo Red Agar test, polymerase chain reaction  

In vivo techniques of
biofilm detection

Low-coherence interferometry, optical coherence tomography, and quorum sensing

TABLE 1: Techniques of biofilm detection.
Author's own creation.

Treatment options for IBD
Anti-inflammatory Drugs

5-Aminosalicylic acids (5-ASAs) are anti-inflammatory medicines often utilized in the treatment of UC
patients. Moreover, 5-ASA-based medications show little-to-no effect in resolving tissue inflammation and
clinical symptoms in CD patients [59,60]. 5-ASAs are more effective medications in the beginning and
maintain remission in UC patients, and they have also been associated with a decreased incidence of colitis-
related cancers in such individuals [59]. Specific techniques for acting 5-ASAs are being proposed, including
cyclooxygenase inhibition, oxygen-free radical, suppression of pro-inflammatory cytokine production,
prostaglandin synthesis reductions, mast cell activation, neutrophil chemotaxis blockade, and lipoxygenase
inhibition.

Biological Anti-TNF Agents 

Certolizumab pegol, adalimumab, golimumab, and infliximab are anti-tumor necrosis factor (anti-TNF)
medications frequently used as therapeutic drugs in patients with IBD. Infliximab was more effective for
inducing and maintaining remission in UC and CD and therapy of CD fistulas [61]. Previously, infliximab
biosimilars of biological products were structural, and adalimumab biosimilars are already under
development and are clinically equivalent to a previously Food and Drug Administration (FDA)-approved
biological reference product licensed for clinical therapy [62]. In treating IBD, anti-TNF drugs such as
infliximab are coupled with immunosuppressive therapies such as azathioprine. Combining azathioprine
and infliximab is better than monotherapy with either medication for producing corticosteroid-free clinical
remission in UC and CD [63].

Immunosuppressive Drugs

Old immunosuppressive therapies are used for IBD therapy, such as 6-mercaptopurine, methotrexate or
azathioprine, and tacrolimus or cyclosporine-A [64-66]. Several medications are proven to establish and
maintain remission in clinical studies in persons with UC, and the use of a drug named methotrexate is
tested for inducing and maintaining remission in CD. CD and UC patients have commonly shown good
outcomes with azathioprine. The latest in vitro and in vivo studies are carried out to study these drugs'
possible mechanisms of action. Tacrolimus and cyclosporine-A bind to particular intracellular receptors
such as immunophilins and block the nuclear factor of activated T cells (NFAT), a transcription factor
affecting lymphocyte apoptosis resistance and cytokine gene transcription [67].

Surging Targets in Tissue Remodeling and Fibrosis

In patients with IBD, matrix metalloproteinase 9 (MMP9) governs tissue remodeling and degradation. MMP9
pathogenic function and expression increase in patients with IBD, particularly UC [68]. MMP9 has been
studied for its involvement in inflammation and the function of intestinal barriers. MMP9 is a
metalloproteinase associated in IBD with an extracellular matrix degrader and an activated angiogenic
switch. The goal of these studies is to estimate MMP9 levels in UD and CD sera in a single experimental
setting and assess the potential compared to other biochemical indicators and chosen pro-inflammatory and
angiogenic factors; it has much more diagnostic potential [69].

Transcription Factor Inhibitors That Inhibit Cytokine Gene Transcription

Transcription factors that regulate the expression of cytokine genes may be upcoming therapeutic
medications in IBD [70,71]. RAR-related orphan receptor-gt (ROR-gt) controls pro-inflammatory T-helper 17
(TH17) cell development and may be a therapeutic target in inflammatory and chronic autoimmune diseases
[70,71].
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New Blockers of Pro-inflammatory Cytokine Signaling 

Fontolizumab, an anti-interferon-gamma (anti-IFNg) antibody, is being demonstrated to be ineffective in
treating active CD [72]. Fontolizumab has a low immunogenicity and is well permissible. Furthermore, due
to the therapeutic IL-17A's impact on gut epithelial cells, the anti-IL-17A antibody secukinumab aggravated
CD in many individuals [72].

Integrin Blockers Impact T-Cell Trafficking

A potential approach for therapy in intestinal inflammation is inhibiting activated cells [73,74]. In CD
clinical studies, Natalizumab, an anti-alpha 4 integrin antibody, was utilized to prevent T-cell homing to the
inflamed GIT with a4b7 integrin [75].

Barrier Function Enhancement and Anti-inflammatory Pathway Activation

Gram-negative bacteria named E. coli Nissle (EcN) generate anti-inflammatory proteins and modulate
intestinal barrier function [76,77]. EcN is a well-established therapy for UC patients, with anti-inflammatory
properties equivalent to 5-ASA [77].

Fecal Microbiota Transplantation

An ill individual consumes healthy donor feces to reestablish healthy microbiota and treat IBD. These have
been used extensively in patients with IBD, with mixed-to-moderate results. Long-term benefits require
repeated injections. With the prospect of spreading hazardous pathogens in mind, current research suggests
using fake stool with minimal risk of infection [78,79].

Alteration in Diet

Patients with IBD should have a well-balanced, high-fiber diet heavy in vegetables, fruits, and grains.
Protein-rich diets, alcoholism, and red meat are not recommended in patients with IBD. Administration of
these products by patients with IBD may aggravate their disease or relieve inflammation. Specific
carbohydrate diets excluding milk, wheat, and sugar have been demonstrated to improve microbial diversity
in certain patients with IBD [80,81].

Probiotics

When taken, probiotics are living organisms (certain bacterial strains) that help provide health benefits
along with protective and regulatory functions to the body. Probiotic bacteria present in yogurt include
Lactobacilli, Bifidobacteria, and Streptococci. Probiotics are more useful in UC patients than in CD patients.
EcN 1917 and VSL#3 are the most widely used probiotics in IBD. Such bacteria promote anti-inflammatory
bacterial growth while reducing the amount of pathogenic bacteria [82,83].

Case studies conducted in India
Because of neglected healthcare facilities, a lack of trustworthy data collection, and a lack of patient-based
investigations, detailed studies on the epidemiology and etiology of IBD are scarce in India [84,85]. Majorly,
IBD has been reported in American and European nations in the last two decades, and India has seen a rise
in IBD cases. In Table 2, we have included various research that may involve IBD and its specific pathogen
[86-94].
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Main author
of relevant
case studies

Outcome

Verma et al.
[86]

According to reports, gram-positive Eubacterium and Peptostreptococcus levels increased in CD patients but not in UC
patients, although Campylobacter species levels showed a significant rise in both patients. Thus, different sets of bacteria
are involved in the pathogenesis of CD and UC.

Banerjee et al.
[87]

By analyzing stool samples and rectal biopsies, this study was able to describe the occurrence of viral and parasite
infections (such as Strongyloides stercoralis, Ancylostoma duodenale, Entamoeba histolytica, etc.) in UC patients.

Tripathi et al.
[88]

It was discovered that 80% of stool samples of UC patients showed positive for Salmonella species.

Bamola et al.
[89]

This study proclaimed that patients with colon cancer and patients with IBD had more Bacteroidetes than Firmicutes. 

Iyer et al. [90]
They conducted research that explored the relationship between Clostridium diffusively and UC and reported the
existence of infection in UC patients leads to deteriorated conditions.

Patra et al.
[91]

This study revealed the detection of different serogroups of AIEC in distinct rectal samples and linked it to CD and
epithelial injury.

Tirumalai et al.
[92]

The authors discussed the food-borne potential pathogen Listeria monocytogenes in India. In addition, the expression of
the virulence gene regulator PrfA in L. monocytogenes-infected mammalian hosts was established, which aids in the
production of virulence and resistant biofilms.

Sharma et al.
[93]

They examined the antimicrobial action of Lactobacillus spp. from curd and milk against several human pathogens such
as Staphylococcus aureus, pneumonia, Escherichia coli, Pseudomonas aeruginosa, Listeria monocytogenes, Klebsiella,
Bacillus cereus, Shigella flexneri, and Salmonella typhi.

Kaur et al. [94]
Lactobacillus spp. was effective against the diarrhea-causing Vibrio cholerae, which causes substantial mortality in
impoverished nations such as India.

TABLE 2: Overview of research conducted in India that involve IBD and its specific pathogen.
Author's own creation.

CD, Crohn's disease; UC, ulcerative colitis; IBD, inflammatory bowel disease; AIEC, adhesive invasive Escherichia coli; spp., species; PrfA, positive
regulatory factor A

Conclusions
IBD has emerged as a public health concern affecting millions of people. In the last two to three decades,
IBD cases in developing countries, including India, have suddenly risen. Certain genetic and environmental
risk factors increase the likelihood of developing IBD. The anatomy and physiology of the human colon is
highly complex. GIT has a moist and warm environment as it resides in hundreds of bacterial species. In GIT,
there are constant environmental and genetic stresses; hence, bacteria become resistant to such stressors
and find adaptation as their only method of survival. Hence, the habituation of biofilm affecting the
potential of GIT and specific distinct changes continue the progression of IBD. The understanding of gut
microbiota in terms of composition and its complex interaction in normal and diseased conditions has been
assisted by molecular techniques. Many molecular approaches have aided in understanding gut microbiota
composition and complicated interaction in an individual's pathological and normal states. Although several
studies (as discussed above) have shown correlations between IBD and infections, the role of a specific
pathogenic microbe in UC or CD remains debatable. Although Fusobacterium spp. (species), Shigella spp.,
and adhesive E. coli are associated with UC patients, whereas Bacteroides spp. are associated with CD
patients. It is worth mentioning that significant relief has been shown by integrating probiotics into the
daily routine of an IBD patient. Several probiotic strains are beneficial. As a result, probiotics are beneficial
for long-term conditions in IBD patients; nevertheless, this paper has limited its discussion to probiotics in
IBD patients. Although an extensive study has been conducted on IBD and gut microbiota, the molecular
basis of their pathogenicity and biofilm formation remains unknown. It has a delayed impact on developing
novel therapeutic drugs for IBD, which would have benefited many of the world's ill population. Thus, more
study is needed to understand the pathogenesis of IBD, which could help develop more robust treatment
strategies against it. Although several substances (often present in Phyto compounds, foods, oxidizing
agents, and synthetic compounds) have been proven to prevent biofilm improvement in the GIT, they are
inadequate, and the molecular targets of these compounds remain unknown. Connecting these linkages
between the knowledge fields is long overdue, and it will eventually lead to newer methods of eradicating
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and controlling bacteria in biofilms and newer diagnostic and therapeutic paths for IBD.

Additional Information
Disclosures
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References
1. Schmitt H, Neurath MF, Atreya R: Role of the IL23/IL17 pathway in Crohn’s disease. Front Immunol. 2021,

12:622934. 10.3389/fimmu.2021.622934
2. Trikudanathan G, Venkatesh PG, Navaneethan U: Diagnosis and therapeutic management of extra-

intestinal manifestations of inflammatory bowel disease. Drugs. 2012, 72:2333-49. 10.2165/11638120-
000000000-00000

3. Macfarlane GT, Blackett KL, Nakayama T, Steed H, Macfarlane S: The gut microbiota in inflammatory bowel
disease. Curr Pharm Des. 2009, 15:1528-36. 10.2174/138161209788168146

4. Reiff C, Kelly D: Inflammatory bowel disease, gut bacteria and probiotic therapy . Int J Med Microbiol. 2010,
300:25-33. 10.1016/j.ijmm.2009.08.004

5. Swidsinski A, Loening-Baucke V, Herber A: Mucosal flora in Crohn's disease and ulcerative colitis - an
overview. J Physiol Pharmacol. 2009, 60:61-71.

6. Swidsinski A, Weber J, Loening-Baucke V, Hale LP, Lochs H: Spatial organization and composition of the
mucosal flora in patients with inflammatory bowel disease. J Clin Microbiol. 2005, 43:3380-9.
10.1128/JCM.43.7.3380-3389.2005

7. Baumgart M, Dogan B, Rishniw M, et al.: Culture independent analysis of ileal mucosa reveals a selective
increase in invasive Escherichia coli of novel phylogeny relative to depletion of Clostridiales in Crohn's
disease involving the ileum. ISME J. 2007, 1:403-18. 10.1038/ismej.2007.52

8. Cho JH, Brant SR: Recent insights into the genetics of inflammatory bowel disease . Gastroenterology. 2011,
140:1704-12. 10.1053/j.gastro.2011.02.046

9. Marks DJ, Rahman FZ, Sewell GW, Segal AW: Crohn's disease: an immune deficiency state . Clin Rev Allergy
Immunol. 2010, 38:20-31. 10.1007/s12016-009-8133-2

10. Hall-Stoodley L, Costerton JW, Stoodley P: Bacterial biofilms: from the natural environment to infectious
diseases. Nat Rev Microbiol. 2004, 2:95-108. 10.1038/nrmicro821

11. Gadkari J, Bhattacharya S, Shrivastav A: Importance and Applications of Biofilm in Microbe-Assisted
Bioremediation. In: Development in Wastewater Treatment Research and Processes. Elsevier, 2022. 153-73.
10.1016/B978-0-323-85657-7.00006-7

12. Tytgat HL, Nobrega FL, van der Oost J, de Vos WM: Bowel biofilms: tipping points between a healthy and
compromised gut?. Trends Microbiol. 2019, 27:17-25. 10.1016/j.tim.2018.08.009

13. Piras V, Usai P, Mezzena S, Susnik M, Ideo F, Schirru E, Cotti E: Prevalence of apical periodontitis in patients
with inflammatory bowel diseases: A retrospective clinical study. J Endod. 2017, 43:389-94.
10.1016/j.joen.2016.11.004

14. Papageorgiou SN, Hagner M, Nogueira AV, Franke A, Jäger A, Deschner J: Inflammatory bowel disease and
oral health: systematic review and a meta-analysis. J Clin Periodontol. 2017, 44:382-93. 10.1111/jcpe.12698

15. Benchimol EI, Fortinsky KJ, Gozdyra P, Van den Heuvel M, Van Limbergen J, Griffiths AM: Epidemiology of
pediatric inflammatory bowel disease: a systematic review of international trends. Inflamm Bowel Dis. 2011,
17:423-39. 10.1002/ibd.21349

16. Soon IS, Molodecky NA, Rabi DM, Ghali WA, Barkema HW, Kaplan GG: The relationship between urban
environment and the inflammatory bowel diseases: a systematic review and meta-analysis. BMC
Gastroenterol. 2012, 12:51. 10.1186/1471-230X-12-51

17. Crohn BB, Ginzburg L, Oppenheimer GD: Landmark article Oct 15, 1932. Regional ileitis. A pathological and
clinical entity. By Burril B. Crohn, Leon Ginzburg, and Gordon D. Oppenheimer. JAMA. 1984, 251:73-9.
10.1001/jama.251.1.73

18. Kirsner JB: Historical aspects of inflammatory bowel disease . J Clin Gastroenterol. 1988, 10:286-97.
10.1097/00004836-198806000-00012

19. Desai HG, Gupte PA: Increasing incidence of Crohn's disease in India: is it related to improved sanitation? .
Indian J Gastroenterol. 2005, 24:23-4.

20. Pai CG, Khandige GK: Is Crohn's disease rare in India? . Indian J Gastroenterol. 2000, 19:17-20.
21. Philip M, Augustine P, Thomas V, et al.: Multi-center prospective survey of inflammatory bowel diseases in

Kerala: more than 2000 cases. Indian J Gastroenterol. 2017, 36:459-67. 10.1007/s12664-017-0809-6
22. Beatty JK, Akierman SV, Motta JP, et al.: Giardia duodenalis induces pathogenic dysbiosis of human

intestinal microbiota biofilms. Int J Parasitol. 2017, 47:311-26. 10.1016/j.ijpara.2016.11.010
23. Boles BR, Thoendel M, Singh PK: Self-generated diversity produces "insurance effects" in biofilm

communities. Proc Natl Acad Sci U S A. 2004, 101:16630-5. 10.1073/pnas.0407460101
24. Atalla H, Gyles C, Jacob CL, Moisan H, Malouin F, Mallard B: Characterization of a Staphylococcus aureus

small colony variant (SCV) associated with persistent bovine mastitis. Foodborne Pathog Dis. 2008, 5:785-
99. 10.1089/fpd.2008.0110

25. Neut D, van der Mei HC, Bulstra SK, Busscher HJ: The role of small-colony variants in failure to diagnose
and treat biofilm infections in orthopedics. Acta Orthop. 2007, 78:299-308. 10.1080/17453670710013843

26. Gómez-González C, Acosta J, Villa J, et al.: Clinical and molecular characteristics of infections with CO2-

2023 Palandurkar et al. Cureus 15(9): e45510. DOI 10.7759/cureus.45510 9 of 12

https://dx.doi.org/10.3389/fimmu.2021.622934
https://dx.doi.org/10.3389/fimmu.2021.622934
https://dx.doi.org/10.2165/11638120-000000000-00000
https://dx.doi.org/10.2165/11638120-000000000-00000
https://dx.doi.org/10.2174/138161209788168146
https://dx.doi.org/10.2174/138161209788168146
https://dx.doi.org/10.1016/j.ijmm.2009.08.004
https://dx.doi.org/10.1016/j.ijmm.2009.08.004
https://pubmed.ncbi.nlm.nih.gov/20224153/
https://dx.doi.org/10.1128/JCM.43.7.3380-3389.2005
https://dx.doi.org/10.1128/JCM.43.7.3380-3389.2005
https://dx.doi.org/10.1038/ismej.2007.52
https://dx.doi.org/10.1038/ismej.2007.52
https://dx.doi.org/10.1053/j.gastro.2011.02.046
https://dx.doi.org/10.1053/j.gastro.2011.02.046
https://dx.doi.org/10.1007/s12016-009-8133-2
https://dx.doi.org/10.1007/s12016-009-8133-2
https://dx.doi.org/10.1038/nrmicro821
https://dx.doi.org/10.1038/nrmicro821
https://dx.doi.org/10.1016/B978-0-323-85657-7.00006-7
https://dx.doi.org/10.1016/B978-0-323-85657-7.00006-7
https://dx.doi.org/10.1016/j.tim.2018.08.009
https://dx.doi.org/10.1016/j.tim.2018.08.009
https://dx.doi.org/10.1016/j.joen.2016.11.004
https://dx.doi.org/10.1016/j.joen.2016.11.004
https://dx.doi.org/10.1111/jcpe.12698
https://dx.doi.org/10.1111/jcpe.12698
https://dx.doi.org/10.1002/ibd.21349
https://dx.doi.org/10.1002/ibd.21349
https://dx.doi.org/10.1186/1471-230X-12-51
https://dx.doi.org/10.1186/1471-230X-12-51
https://dx.doi.org/10.1001/jama.251.1.73
https://dx.doi.org/10.1001/jama.251.1.73
https://dx.doi.org/10.1097/00004836-198806000-00012
https://dx.doi.org/10.1097/00004836-198806000-00012
https://pubmed.ncbi.nlm.nih.gov/15778522/
https://pubmed.ncbi.nlm.nih.gov/10659482/
https://dx.doi.org/10.1007/s12664-017-0809-6
https://dx.doi.org/10.1007/s12664-017-0809-6
https://dx.doi.org/10.1016/j.ijpara.2016.11.010
https://dx.doi.org/10.1016/j.ijpara.2016.11.010
https://dx.doi.org/10.1073/pnas.0407460101
https://dx.doi.org/10.1073/pnas.0407460101
https://dx.doi.org/10.1089/fpd.2008.0110
https://dx.doi.org/10.1089/fpd.2008.0110
https://dx.doi.org/10.1080/17453670710013843
https://dx.doi.org/10.1080/17453670710013843
https://dx.doi.org/10.1128/JCM.00520-10


dependent small-colony variants of Staphylococcus aureus. J Clin Microbiol. 2010, 48:2878-84.
10.1128/JCM.00520-10

27. Eckburg PB, Bik EM, Bernstein CN, et al.: Diversity of the human intestinal microbial flora . Science. 2005,
308:1635-8. 10.1126/science.1110591

28. Frank DN, St Amand AL, Feldman RA, Boedeker EC, Harpaz N, Pace NR: Molecular-phylogenetic
characterization of microbial community imbalances in human inflammatory bowel diseases. Proc Natl
Acad Sci U S A. 2007, 104:13780-5. 10.1073/pnas.0706625104

29. Ott SJ, Kühbacher T, Musfeldt M, et al.: Fungi and inflammatory bowel diseases: alterations of composition
and diversity. Scand J Gastroenterol. 2008, 43:831-41. 10.1080/00365520801935434

30. Tamboli CP, Neut C, Desreumaux P, Colombel JF: Dysbiosis as a prerequisite for IBD. Gut. 2004, 53:1057.
31. Glasser AL, Boudeau J, Barnich N, Perruchot MH, Colombel JF, Darfeuille-Michaud A: Adherent invasive

Escherichia coli strains from patients with Crohn's disease survive and replicate within macrophages
without inducing host cell death. Infect Immun. 2001, 69:5529-37. 10.1128/IAI.69.9.5529-5537.2001

32. Rolhion N, Barnich N, Bringer MA, et al.: Abnormally expressed ER stress response chaperone Gp96 in CD
favours adherent-invasive Escherichia coli invasion. Gut. 2010, 59:1355-62. 10.1136/gut.2010.207456

33. Bibiloni R, Mangold M, Madsen KL, Fedorak RN, Tannock GW: The bacteriology of biopsies differs between
newly diagnosed, untreated, Crohn's disease and ulcerative colitis patients. J Med Microbiol. 2006, 55:1141-
9. 10.1099/jmm.0.46498-0

34. Nibali L, Henderson B, Sadiq ST, Donos N: Genetic dysbiosis: the role of microbial insults in chronic
inflammatory diseases. J Oral Microbiol. 2014, 6: 10.3402/jom.v6.22962

35. Chandra N, Srivastava A, Kumar S: Bacterial biofilms in human gastrointestinal tract: An intricate balance
between health and inflammatory bowel diseases. World J Pharmacol. 2019, 8:26-40. 10.5497/wjp.v8.i3.26

36. Vuong C, Kocianova S, Voyich JM, Yao Y, Fischer ER, DeLeo FR, Otto M: A crucial role for
exopolysaccharide modification in bacterial biofilm formation, immune evasion, and virulence. J Biol Chem.
2004, 279:54881-6. 10.1074/jbc.M411374200

37. Mooney JA, Pridgen EM, Manasherob R, et al.: Periprosthetic bacterial biofilm and quorum sensing. J Orthop
Res. 2018, 36:2331-9. 10.1002/jor.24019

38. Jamal M, Ahmad W, Andleeb S, et al.: Bacterial biofilm and associated infections. J Chin Med Assoc. 2018,
81:7-11. 10.1016/j.jcma.2017.07.012

39. Silva NB, Marques LA, Röder DD: Diagnosis of biofilm infections: current methods used, challenges and
perspectives for the future. J Appl Microbiol. 2021, 131:2148-60. 10.1111/jam.15049

40. Roy R, Tiwari M, Donelli G, Tiwari V: Strategies for combating bacterial biofilms: a focus on anti-biofilm
agents and their mechanisms of action. Virulence. 2018, 9:522-54. 10.1080/21505594.2017.1313372

41. Costa-Orlandi CB, Sardi JC, Pitangui NS, et al.: Fungal biofilms and polymicrobial diseases. J Fungi (Basel).
2017, 3:10.3390/jof3020022

42. Schlafer S, Meyer RL: Confocal microscopy imaging of the biofilm matrix . J Microbiol Methods. 2017,
138:50-9. 10.1016/j.mimet.2016.03.002

43. Sugimoto S, Okuda K, Miyakawa R, et al.: Imaging of bacterial multicellular behaviour in biofilms in liquid
by atmospheric scanning electron microscopy. Sci Rep. 2016, 6:25889. 10.1038/srep25889

44. Frickmann H, Zautner AE, Moter A, Kikhney J, Hagen RM, Stender H, Poppert S: Fluorescence in situ
hybridization (FISH) in the microbiological diagnostic routine laboratory: a review. Crit Rev Microbiol. 2017,
43:263-93. 10.3109/1040841X.2016.1169990

45. Maki DG, Jarrett F, Sarafin HW: A semiquantitative culture method for identification of catheter-related
infection in the burn patient. J Surg Res. 1977, 22:513-20. 10.1016/0022-4804(77)90034-8

46. Stepanović S, Vuković D, Hola V, Di Bonaventura G, Djukić S, Cirković I, Ruzicka F: Quantification of
biofilm in microtiter plates: overview of testing conditions and practical recommendations for assessment
of biofilm production by staphylococci. APMIS. 2007, 115:891-9. 10.1111/j.1600-0463.2007.apm_630.x

47. Lee JS, Bae YM, Lee SY, Lee SY: Biofilm formation of Staphylococcus aureus on various surfaces and their
resistance to chlorine sanitizer. J Food Sci. 2015, 80:M2279-86. 10.1111/1750-3841.13017

48. Abdel Halim RM, Kassem NN, Mahmoud BS: Detection of biofilm producing staphylococci among different
clinical isolates and its relation to methicillin susceptibility. Open Access Maced J Med Sci. 2018, 6:1335-41.
10.3889/oamjms.2018.246

49. Solati SM, Tajbakhsh E, Khamesipour F, Gugnani HC: Prevalence of virulence genes of biofilm producing
strains of Staphylococcus epidermidis isolated from clinical samples in Iran. AMB Express. 2015, 5:134.
10.1186/s13568-015-0134-3

50. Christensen GD, Simpson WA, Younger JJ, Baddour LM, Barrett FF, Melton DM, Beachey EH: Adherence of
coagulase-negative staphylococci to plastic tissue culture plates: a quantitative model for the adherence of
staphylococci to medical devices. J Clin Microbiol. 1985, 22:996-1006. 10.1128/jcm.22.6.996-1006.1985

51. Rajapaksha P, Elbourne A, Gangadoo S, Brown R, Cozzolino D, Chapman J: A review of methods for the
detection of pathogenic microorganisms. Analyst. 2019, 144:396-411. 10.1039/c8an01488d

52. Shahmoradi M, Faridifar P, Shapouri R, Mousavi SF, Ezzedin M, Mirzaei B: Determining the biofilm forming
gene profile of Staphylococcus aureus clinical isolates via multiplex colony PCR method. Rep Biochem Mol
Biol. 2019, 7:181-8.

53. Zysk AM, Nguyen FT, Oldenburg AL, Marks DL, Boppart SA: Optical coherence tomography: a review of
clinical development from bench to bedside. J Biomed Opt. 2007, 12:051403. 10.1117/1.2793736

54. Chaney EJ, Nguyen CT, Boppart SA: Novel method for non-invasive induction of a middle-ear biofilm in the
rat. Vaccine. 2011, 29:1628-33. 10.1016/j.vaccine.2010.12.076

55. Songtanin B, Peterson CJ, Molehin AJ, Nugent K: Biofilms and benign colonic diseases . Int J Mol Sci. 2022,
23:10.3390/ijms232214259

56. Miller MB, Bassler BL: Quorum sensing in bacteria. Annu Rev Microbiol. 2001, 55:165-99.
10.1146/annurev.micro.55.1.165

57. Hammer BK, Bassler BL: Quorum sensing controls biofilm formation in Vibrio cholerae . Mol Microbiol.
2003, 50:101-4. 10.1046/j.1365-2958.2003.03688.x

58. Golińska E, Tomusiak A, Gosiewski T, et al.: Virulence factors of Enterococcus strains isolated from patients

2023 Palandurkar et al. Cureus 15(9): e45510. DOI 10.7759/cureus.45510 10 of 12

https://dx.doi.org/10.1128/JCM.00520-10
https://dx.doi.org/10.1126/science.1110591
https://dx.doi.org/10.1126/science.1110591
https://dx.doi.org/10.1073/pnas.0706625104
https://dx.doi.org/10.1073/pnas.0706625104
https://dx.doi.org/10.1080/00365520801935434
https://dx.doi.org/10.1080/00365520801935434
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1774115/
https://dx.doi.org/10.1128/IAI.69.9.5529-5537.2001
https://dx.doi.org/10.1128/IAI.69.9.5529-5537.2001
https://dx.doi.org/10.1136/gut.2010.207456
https://dx.doi.org/10.1136/gut.2010.207456
https://dx.doi.org/10.1099/jmm.0.46498-0
https://dx.doi.org/10.1099/jmm.0.46498-0
https://dx.doi.org/10.3402/jom.v6.22962
https://dx.doi.org/10.3402/jom.v6.22962
https://dx.doi.org/10.5497/wjp.v8.i3.26
https://dx.doi.org/10.5497/wjp.v8.i3.26
https://dx.doi.org/10.1074/jbc.M411374200
https://dx.doi.org/10.1074/jbc.M411374200
https://dx.doi.org/10.1002/jor.24019
https://dx.doi.org/10.1002/jor.24019
https://dx.doi.org/10.1016/j.jcma.2017.07.012
https://dx.doi.org/10.1016/j.jcma.2017.07.012
https://dx.doi.org/10.1111/jam.15049
https://dx.doi.org/10.1111/jam.15049
https://dx.doi.org/10.1080/21505594.2017.1313372
https://dx.doi.org/10.1080/21505594.2017.1313372
https://dx.doi.org/10.3390/jof3020022
https://dx.doi.org/10.3390/jof3020022
https://dx.doi.org/10.1016/j.mimet.2016.03.002
https://dx.doi.org/10.1016/j.mimet.2016.03.002
https://dx.doi.org/10.1038/srep25889
https://dx.doi.org/10.1038/srep25889
https://dx.doi.org/10.3109/1040841X.2016.1169990
https://dx.doi.org/10.3109/1040841X.2016.1169990
https://dx.doi.org/10.1016/0022-4804(77)90034-8
https://dx.doi.org/10.1016/0022-4804(77)90034-8
https://dx.doi.org/10.1111/j.1600-0463.2007.apm_630.x
https://dx.doi.org/10.1111/j.1600-0463.2007.apm_630.x
https://dx.doi.org/10.1111/1750-3841.13017
https://dx.doi.org/10.1111/1750-3841.13017
https://dx.doi.org/10.3889/oamjms.2018.246
https://dx.doi.org/10.3889/oamjms.2018.246
https://dx.doi.org/10.1186/s13568-015-0134-3
https://dx.doi.org/10.1186/s13568-015-0134-3
https://dx.doi.org/10.1128/jcm.22.6.996-1006.1985
https://dx.doi.org/10.1128/jcm.22.6.996-1006.1985
https://dx.doi.org/10.1039/c8an01488d
https://dx.doi.org/10.1039/c8an01488d
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6374067/
https://dx.doi.org/10.1117/1.2793736
https://dx.doi.org/10.1117/1.2793736
https://dx.doi.org/10.1016/j.vaccine.2010.12.076
https://dx.doi.org/10.1016/j.vaccine.2010.12.076
https://dx.doi.org/10.3390/ijms232214259
https://dx.doi.org/10.3390/ijms232214259
https://dx.doi.org/10.1146/annurev.micro.55.1.165
https://dx.doi.org/10.1146/annurev.micro.55.1.165
https://dx.doi.org/10.1046/j.1365-2958.2003.03688.x
https://dx.doi.org/10.1046/j.1365-2958.2003.03688.x
https://dx.doi.org/10.3748/wjg.v19.i23.3562


with inflammatory bowel disease. World J Gastroenterol. 2013, 19:3562-72. 10.3748/wjg.v19.i23.3562
59. Velayos FS, Terdiman JP, Walsh JM: Effect of 5-aminosalicylate use on colorectal cancer and dysplasia risk:

a systematic review and metaanalysis of observational studies. Am J Gastroenterol. 2005, 100:1345-53.
10.1111/j.1572-0241.2005.41442.x

60. Lim WC, Wang Y, MacDonald JK, Hanauer S: Aminosalicylates for induction of remission or response in
Crohn's disease. Cochrane Database Syst Rev. 2016, 7:CD008870. 10.1002/14651858.CD008870.pub2

61. Hanauer SB, Feagan BG, Lichtenstein GR, et al.: Maintenance infliximab for Crohn’s disease: the ACCENT I
randomised trial. Lancet. 2002, 359:1541-9. 10.1016/s0140-6736(02)08512-4

62. Blair HA, Deeks ED: Infliximab biosimilar (CT-P13; Infliximab-dyyb): a review in autoimmune inflammatory
diseases. BioDrugs. 2016, 30:469-80. 10.1007/s40259-016-0193-2

63. Panaccione R, Ghosh S, Middleton S, et al.: Combination therapy with infliximab and azathioprine is
superior to monotherapy with either agent in ulcerative colitis. Gastroenterology. 2014, 146:392-400.e3.
10.1053/j.gastro.2013.10.052

64. Colombel JF, Sandborn WJ, Reinisch W, et al.: Infliximab, azathioprine, or combination therapy for Crohn's
disease. N Engl J Med. 2010, 362:1383-95. 10.1056/NEJMoa0904492

65. Feagan BG, Fedorak RN, Irvine EJ, et al.: A comparison of methotrexate with placebo for the maintenance of
remission in Crohn's disease. North American Crohn's Study Group Investigators. N Engl J Med. 2000,
342:1627-32. 10.1056/NEJM200006013422202

66. Feuerstein JD, Akbari M, Tapper EB, Cheifetz AS: Systematic review and meta-analysis of third-line salvage
therapy with infliximab or cyclosporine in severe ulcerative colitis. Ann Gastroenterol. 2016, 29:341-7.
10.20524/aog.2016.0032

67. Matsuda S, Koyasu S: Mechanisms of action of cyclosporine . Immunopharmacology. 2000, 47:119-25.
10.1016/s0162-3109(00)00192-2

68. Nighot P, Al-Sadi R, Rawat M, Guo S, Watterson DM, Ma T: Matrix metalloproteinase 9-induced increase in
intestinal epithelial tight junction permeability contributes to the severity of experimental DSS colitis. Am J
Physiol Gastrointest Liver Physiol. 2015, 309:G988-97. 10.1152/ajpgi.00256.2015

69. Matusiewicz M, Neubauer K, Mierzchala-Pasierb M, Gamian A, Krzystek-Korpacka M: Matrix
metalloproteinase-9: its interplay with angiogenic factors in inflammatory bowel diseases. Dis Markers.
2014, 2014:643645. 10.1155/2014/643645

70. Popp V, Gerlach K, Mott S, et al.: Rectal delivery of a DNAzyme that specifically blocks the transcription
factor GATA3 and reduces colitis in mice. Gastroenterology. 2017, 152:176-92.e5.
10.1053/j.gastro.2016.09.005

71. Withers DR, Hepworth MR, Wang X, et al.: Transient inhibition of ROR-γt therapeutically limits intestinal
inflammation by reducing TH17 cells and preserving group 3 innate lymphoid cells. Nat Med. 2016, 22:319-
23. 10.1038/nm.4046

72. Reinisch W, Hommes DW, Van Assche G, et al.: A dose escalating, placebo controlled, double blind, single
dose and multidose, safety and tolerability study of fontolizumab, a humanised anti-interferon gamma
antibody, in patients with moderate to severe Crohn's disease. Gut. 2006, 55:1138-44.
10.1136/gut.2005.079434

73. Picarella D, Hurlbut P, Rottman J, Shi X, Butcher E, Ringler DJ: Monoclonal antibodies specific for beta 7
integrin and mucosal addressin cell adhesion molecule-1 (MAdCAM-1) reduce inflammation in the colon of
scid mice reconstituted with CD45RBhigh CD4+ T cells. J Immunol. 1997, 158:2099-106.

74. Podolsky DK, Lobb R, King N, Benjamin CD, Pepinsky B, Sehgal P, deBeaumont M: Attenuation of colitis in
the cotton-top tamarin by anti-alpha 4 integrin monoclonal antibody. J Clin Invest. 1993, 92:372-80.
10.1172/JCI116575

75. Ghosh S, Goldin E, Gordon FH, et al.: Natalizumab for active Crohn's disease . N Engl J Med. 2003, 348:24-32.
10.1056/NEJMoa020732

76. Lasaro MA, Salinger N, Zhang J, Wang Y, Zhong Z, Goulian M, Zhu J: F1C fimbriae play an important role in
biofilm formation and intestinal colonization by the Escherichia coli commensal strain Nissle 1917. Appl
Environ Microbiol. 2009, 75:246-51. 10.1128/AEM.01144-08

77. Scaldaferri F, Gerardi V, Mangiola F, et al.: Role and mechanisms of action of Escherichia coli Nissle 1917 in
the maintenance of remission in ulcerative colitis patients: an update. World J Gastroenterol. 2016, 22:5505-
11. 10.3748/wjg.v22.i24.5505

78. Borody TJ, Paramsothy S, Agrawal G: Fecal microbiota transplantation: indications, methods, evidence, and
future directions. Curr Gastroenterol Rep. 2013, 15:337. 10.1007/s11894-013-0337-1

79. Petrof EO, Khoruts A: From stool transplants to next-generation microbiota therapeutics . Gastroenterology.
2014, 146:1573-82. 10.1053/j.gastro.2014.01.004

80. Cohen SA, Gold BD, Oliva S, et al.: Clinical and mucosal improvement with specific carbohydrate diet in
pediatric Crohn disease. J Pediatr Gastroenterol Nutr. 2014, 59:516-21. 10.1097/MPG.0000000000000449

81. Tilg H, Kaser A: Diet and relapsing ulcerative colitis: take off the meat? . Gut. 2004, 53:1399-401.
10.1136/gut.2003.035287

82. Cammarota G, Ianiro G, Cianci R, Bibbò S, Gasbarrini A, Currò D: The involvement of gut microbiota in
inflammatory bowel disease pathogenesis: potential for therapy. Pharmacol Ther. 2015, 149:191-212.
10.1016/j.pharmthera.2014.12.006

83. Henker J, Müller S, Laass MW, Schreiner A, Schulze J: Probiotic Escherichia coli Nissle 1917 (EcN) for
successful remission maintenance of ulcerative colitis in children and adolescents: an open-label pilot
study. Z Gastroenterol. 2008, 46:874-5. 10.1055/s-2008-1027463

84. Kedia S, Ahuja V: Epidemiology of inflammatory bowel disease in India: the great shift east . Inflamm Intest
Dis. 2017, 2:102-15. 10.1159/000465522

85. Ray G: Inflammatory bowel disease in India - past, present and future . World J Gastroenterol. 2016, 22:8123-
36. 10.3748/wjg.v22.i36.8123

86. Verma R, Verma AK, Ahuja V, Paul J: Real-time analysis of mucosal flora in patients with inflammatory
bowel disease in India. J Clin Microbiol. 2010, 48:4279-82. 10.1128/JCM.01360-10

87. Banerjee D, Deb R, Dar L, et al.: High frequency of parasitic and viral stool pathogens in patients with active

2023 Palandurkar et al. Cureus 15(9): e45510. DOI 10.7759/cureus.45510 11 of 12

https://dx.doi.org/10.3748/wjg.v19.i23.3562
https://dx.doi.org/10.1111/j.1572-0241.2005.41442.x
https://dx.doi.org/10.1111/j.1572-0241.2005.41442.x
https://dx.doi.org/10.1002/14651858.CD008870.pub2
https://dx.doi.org/10.1002/14651858.CD008870.pub2
https://dx.doi.org/10.1016/s0140-6736(02)08512-4
https://dx.doi.org/10.1016/s0140-6736(02)08512-4
https://dx.doi.org/10.1007/s40259-016-0193-2
https://dx.doi.org/10.1007/s40259-016-0193-2
https://dx.doi.org/10.1053/j.gastro.2013.10.052
https://dx.doi.org/10.1053/j.gastro.2013.10.052
https://dx.doi.org/10.1056/NEJMoa0904492
https://dx.doi.org/10.1056/NEJMoa0904492
https://dx.doi.org/10.1056/NEJM200006013422202
https://dx.doi.org/10.1056/NEJM200006013422202
https://dx.doi.org/10.20524/aog.2016.0032
https://dx.doi.org/10.20524/aog.2016.0032
https://dx.doi.org/10.1016/s0162-3109(00)00192-2
https://dx.doi.org/10.1016/s0162-3109(00)00192-2
https://dx.doi.org/10.1152/ajpgi.00256.2015
https://dx.doi.org/10.1152/ajpgi.00256.2015
https://dx.doi.org/10.1155/2014/643645
https://dx.doi.org/10.1155/2014/643645
https://dx.doi.org/10.1053/j.gastro.2016.09.005
https://dx.doi.org/10.1053/j.gastro.2016.09.005
https://dx.doi.org/10.1038/nm.4046
https://dx.doi.org/10.1038/nm.4046
https://dx.doi.org/10.1136/gut.2005.079434
https://dx.doi.org/10.1136/gut.2005.079434
https://pubmed.ncbi.nlm.nih.gov/9036954/
https://dx.doi.org/10.1172/JCI116575
https://dx.doi.org/10.1172/JCI116575
https://dx.doi.org/10.1056/NEJMoa020732
https://dx.doi.org/10.1056/NEJMoa020732
https://dx.doi.org/10.1128/AEM.01144-08
https://dx.doi.org/10.1128/AEM.01144-08
https://dx.doi.org/10.3748/wjg.v22.i24.5505
https://dx.doi.org/10.3748/wjg.v22.i24.5505
https://dx.doi.org/10.1007/s11894-013-0337-1
https://dx.doi.org/10.1007/s11894-013-0337-1
https://dx.doi.org/10.1053/j.gastro.2014.01.004
https://dx.doi.org/10.1053/j.gastro.2014.01.004
https://dx.doi.org/10.1097/MPG.0000000000000449
https://dx.doi.org/10.1097/MPG.0000000000000449
https://dx.doi.org/10.1136/gut.2003.035287
https://dx.doi.org/10.1136/gut.2003.035287
https://dx.doi.org/10.1016/j.pharmthera.2014.12.006
https://dx.doi.org/10.1016/j.pharmthera.2014.12.006
https://dx.doi.org/10.1055/s-2008-1027463
https://dx.doi.org/10.1055/s-2008-1027463
https://dx.doi.org/10.1159/000465522
https://dx.doi.org/10.1159/000465522
https://dx.doi.org/10.3748/wjg.v22.i36.8123
https://dx.doi.org/10.3748/wjg.v22.i36.8123
https://dx.doi.org/10.1128/JCM.01360-10
https://dx.doi.org/10.1128/JCM.01360-10
https://dx.doi.org/10.1080/00365520802556809


ulcerative colitis: report from a tropical country. Scand J Gastroenterol. 2009, 44:325-31.
10.1080/00365520802556809

88. Tripathi MK, Pratap CB, Dixit VK, Singh TB, Shukla SK, Jain AK, Nath G: Ulcerative colitis and its
association with salmonella species. Interdiscip Perspect Infect Dis. 2016, 2016:5854285.
10.1155/2016/5854285

89. Bamola VD, Ghosh A, Kapardar RK, Lal B, Cheema S, Sarma P, Chaudhry R: Gut microbial diversity in health
and disease: experience of healthy Indian subjects, and colon carcinoma and inflammatory bowel disease
patients. Microb Ecol Health Dis. 2017, 28:1322447. 10.1080/16512235.2017.1322447

90. Iyer VH, Augustine J, Pulimood AB, Ajjampur SS, Ramakrishna BS: Correlation between coinfection with
parasites, cytomegalovirus, and Clostridium difficile and disease severity in patients with ulcerative colitis.
Indian J Gastroenterol. 2013, 32:115-8. 10.1007/s12664-012-0302-1

91. Patra S, Samal SC, Kang G, Pulimood A, Mathan M, Ramakrishna BS: Adherent Escherichia coli in colorectal
mucosal biopsies: a histological and ultrastructural evaluation. Indian J Pathol Microbiol. 2012, 55:485-9.
10.4103/0377-4929.107786

92. Tirumalai PS, Prakash S: Expression of virulence genes by Listeria monocytogenes J0161 in natural
environment. Braz J Microbiol. 2012, 43:834-43. 10.1590/S1517-83822012000200050

93. Sharma C, Singh BP, Thakur N, Gulati S, Gupta S, Mishra SK, Panwar H: Antibacterial effects of
Lactobacillus isolates of curd and human milk origin against food-borne and human pathogens. 3 Biotech.
2017, 7:31. 10.1007/s13205-016-0591-7

94. Kaur S, Sharma P, Kalia N, Singh J, Kaur S: Anti-biofilm properties of the fecal probiotic Lactobacilli against
Vibrio spp. Front Cell Infect Microbiol. 2018, 8:120. 10.3389/fcimb.2018.00120

2023 Palandurkar et al. Cureus 15(9): e45510. DOI 10.7759/cureus.45510 12 of 12

https://dx.doi.org/10.1080/00365520802556809
https://dx.doi.org/10.1155/2016/5854285
https://dx.doi.org/10.1155/2016/5854285
https://dx.doi.org/10.1080/16512235.2017.1322447
https://dx.doi.org/10.1080/16512235.2017.1322447
https://dx.doi.org/10.1007/s12664-012-0302-1
https://dx.doi.org/10.1007/s12664-012-0302-1
https://dx.doi.org/10.4103/0377-4929.107786
https://dx.doi.org/10.4103/0377-4929.107786
https://dx.doi.org/10.1590/S1517-83822012000200050
https://dx.doi.org/10.1590/S1517-83822012000200050
https://dx.doi.org/10.1007/s13205-016-0591-7
https://dx.doi.org/10.1007/s13205-016-0591-7
https://dx.doi.org/10.3389/fcimb.2018.00120
https://dx.doi.org/10.3389/fcimb.2018.00120

	Biofilm's Impact on Inflammatory Bowel Diseases
	Abstract
	Introduction And Background
	Review
	Methodology
	FIGURE 1: Flow diagram of the literature review.

	Incidence
	IBD risk factors
	Molecular mechanism and connection between biofilms and IBDs
	Microbes causing biofilm formation
	FIGURE 2: Infectious agents suspected in IBD.

	Molecular techniques for biofilm detection
	TABLE 1: Techniques of biofilm detection.

	Treatment options for IBD
	Case studies conducted in India
	TABLE 2: Overview of research conducted in India that involve IBD and its specific pathogen.


	Conclusions
	Additional Information
	Disclosures

	References


