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Abstract
The intestinal microbiome is a dynamic system of 
interactions between the host and its microbes. 
Under physiological conditions, a fine balance and 
mutually beneficial relationship is present. Disruption 
of this balance is a hallmark of inflammatory bowel 
disease (IBD). Whether an altered microbiome is the 
consequence or the cause of IBD is currently not fully 
understood. The pathogenesis of IBD is believed to be 
a complex interaction between genetic predisposition, 
the immune system and environmental factors. In 
the recent years, metagenomic studies of the human 
microbiome have provided useful data that are 
helping to assemble the IBD puzzle. In this review, 
we summarize and discuss current knowledge on the 
composition of the intestinal microbiota in IBD, host-
microbe interactions and therapeutic possibilities using 
bacteria in IBD. Moreover, an outlook on the possible 
contribution of bacteriophages in the pathogenesis and 
therapy of IBD is provided. 

Key words: Microbiota; Inflammatory bowel disease; 
Gut; Bacteriophages; Bacterial therapy

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Inflammatory bowel diseases (IBD) are chronic 
disorders of the gastrointestinal tract, with multi-
factorial pathogenesis, which affect millions of people 
worldwide and have a rising incidence. Dysbalanced 
intestinal microbiota is an important feature of IBD. 
The relationship between dysbalanced microbiota and 
IBD is not fully uncovered. We are only beginning to 
appreciate the role of microbiota in the pathogenesis, 
progression or prognosis of IBD. In this review, we 
deal with the composition of gut microbiota, microbe-
host interactions, therapeutic potential of bacteria and 
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discuss the possible roles of bacteriophages in IBD.
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INTRODUCTION
Inflammatory bowel disease (IBD) is a term describing 
chronic inflammatory diseases of the gastrointestinal 
tract with a complex etiology caused by various 
genetic, immunological and environmental factors[1]. 
IBD refers to ulcerative colitis (UC) and Crohn’s 
disease (CD), which are diseases of the digestive tract 
with similar clinical, pathological and epidemiological 
features. They are characterized by recurrent episodes 
of disease exacerbations with associated abdominal 
pain, diarrhea, weight loss and rectal bleeding. It 
estimated that IBD currently affects more than 1 
million people in the United States and 2 million people 
in Europe, with a rising incidence[2,3].

The healthy adult intestine contains about 1014 
bacteria, a count that is 10x more than the total 
number of human cells. The total reported number 
of different bacterial strains in the human microbiota 
varies with regard to detection method used[4,5]. Recent 
data have suggested, that the intestinal microbiome 
comprises approximately 200 strains of bacteria, 
representing more than 100 bacterial species[6,7]. 
Advances in metagenomics have uncovered the 
complexity of this system. More than 90% of these 
bacterial species fall into three phyla - Firmicutes, 
Bacteroidetes and Proteobacteria[8]. 

The gastrointestinal (GI) tract and its microbiome 
represent a dynamic and mutually beneficial rela
tionship that is thought to be a major determinant 
of health and disease. The intestinal immune system 
provides protection to prevent the penetration of an 
excessive amount of intraluminal bacteria into the 
systemic circulation. Commensal bacteria activate 
homeostatic processes based on molecular responses 
driven by epithelial cells, macrophages, dendritic cells, 
and T and B lymphocytes that mediate the coexistence 
with microbes and their products[6]. The gut provides 
nutrient rich environment for the microbiota, which 
in turn offers a huge diversity of metabolic functions 
that include digestion and absorption of non-digestible 
substrates, a barrier effect against pathogenic 
microbes and modulation of immune reactions. 
Disruption of this fine homeostasis on a certain level 
might lead to the chronic inflammation present in IBD, 
and also in other chronic inflammatory diseases.

MICROBIOTA AND IBD
Recently, microbial profiles at various stages of colitis 
have been described and characterized that depend 
on the time and location within the gastrointestinal 
tract[9]. It is not yet entirely clear whether changes 
in the composition of the microbiota are the cause 
or consequence of inflammatory processes in the 
intestinal tissue. The most consistent change observed 
among the vast majority of IBD patients is a decrease 
in intestinal microbiota diversity, with slightly different 
findings between CD and UC patients. In CD, a 
decrease in Firmicutes is often observed, including 
butyrate-producing bacteria such as Faecalibacterium 
prausnitzii. This leads to the overproduction of pro-
inflammatory cytokines and downstream events[10]. In 
UC, several other groups of bacteria besides butyrate-
producing Firmicutes are often reduced, including 
Bacteroides and Clostridium genera. On the other 
hand, Enterococcus and Gammaproteobacteria are 
found in higher amounts in fecal samples from UC 
patients[11]. However, the presence and abundance of 
specific bacterial species vary with disease activity and 
the site of sampling (fecal vs biopsy specimens).

Moreover, patterns of gut microbiome dysbiosis in 
IBD are inconsistent among published studies. A study 
by Gevers et al[12] defined a correlation between a 
specific microbial pattern and disease status. Samples 
were collected from multiple locations throughout the 
GI tract from treatment-naïve pediatric CD patients. 
The authors concluded that, in the early stages of 
disease, assessing the rectal-mucosal associated 
microbiome provides high-value information for a 
convenient and early diagnosis of CD. In addition, it 
is known from animal experiments that the presence 
of specifically altered (procolitic) intestinal microbiota 
has a direct correlation with the development of colon 
cancer associated with colitis (colitis-associated cancer 
- CAC)[13]. Such targeted change in the microbiota 
(dysbiosis), leading to an increased risk of both, colitis 
and CAC, is reversible and transmissible to another 
individual[14]. In this study, dysbiosis-associated disease 
risk was communicable via the gut microbiota to wild-
type mice and reciprocal microbiota transplantation 
reduced disease risk in predisposed mice and led to 
long-term changes in the gut microbiota composition. 
Moreover, recent results suggest that intestinal 
tumorigenesis mediated by bacterial dysbiosis may 
be communicable through the microbiota among 
individuals with a genetic predisposition[15]. These 
studies highlight the potential of preventive and 
therapeutic manipulation of the intestinal microbiota.

Patients with IBD are at increased risk of developing 
colorectal cancer and the risk increases with the 
duration and extent of colitis, positive family history 
and the degree of inflammation. The pathogenesis of 
CAC is multifactorial; the key factors are the mucosal 
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inflammatory response, the presence of oxidative 
stress and the intestinal microbiota[16]. Some bacterial 
species of natural microbiota have a protective effect 
and conversely some contribute to the formation of 
CAC. The protective function is attributed to probiotic 
bacteria, which also have a stabilizing effect on the gut 
flora with the potential to reduce the pro-inflammatory 
response and thus the risk of development and 
progression of colitis and related cancer[13]. This 
effect is even transmissible to wild-type mice, which 
thus obtained reduced susceptibility to chemically 
induced colitis[17]. It only remains to be seen whether 
a dysbiotic state is enough to trigger IBD, which is a 
major risk factor for CAC. However, it seems that the 
licensing of dysbiotic microbiota is a key component of 
disease development. Therefore, manipulation of the 
gut microbiota certainly brings many opportunities for 
therapeutic intervention in IBD and CAC.

The whole situation is complicated by the fact that 
susceptibility to IBD mediated by specific bacterial 
microbiota also depends on a special diet[18]. This effect 
is not present in germ-free mice without a natural 
intestinal microbiota and in mice with a sterilized gut 
following antibiotic treatment. The absence of an 
intestinal microbiota thus has a protective effect on 
the formation and development of colitis and related 
cancer[13]. In our preliminary experiments, we found 
that sterilization of the bowel using antibiotics improves 
subsequent colitis and enhances the therapeutic effect 
of orally administered bacterial vectors[19]. Although 
the natural intestinal flora potentiates and promotes 
chronic inflammation and tumorigenesis, some authors 
suggest that it can also have the opposite effect - 
that it limits and reduces chemically induced damage 
and reduces inflammatory reactions that lead to the 
development of tumors in the colon[20]. Recolonization 
of germ-free mice with natural microbiota has been 
shown to decrease tumorigenesis. As with colitis, a 
significant change in the composition of the intestinal 
flora has been described in models of colorectal 
cancer[21]. 

The intestinal microbiota is a major component 
of several physiological processes, including the 
regulation of body weight and related metabolic 
balance, the immune system and epithelial cell 
responses. In recent years, a growing amount of 
knowledge has been published about the key role 
of the intestinal microbiota in the pathogenesis of 
a number of disease conditions, including obesity, 
cardiovascular diseases, multiple sclerosis, rheumatoid 
arthritis, diabetes, metabolic syndrome, chronic liver 
damage and growing evidence suggests chronic 
lung and kidney disease as well[6,22-25]. Furthermore, 
it is clear that the presence of a specific intestinal 
microbiota and interactions between the microbiota 
and the host organism (its immune system) are 
crucial for the successful treatment of certain 
diseases, including cancer, which is not even directly 
located in the gastrointestinal tract[26]; thus, the gut 

microbiota affects inflammation and immunity locally 
at the mucosal level as well as systemically. In this 
study, antibiotic-treated and germ-free mice showed 
significantly reduced tumor regression and survival 
after immunotherapy compared with control mice with 
natural gut microbiota. This effect was clearly based on 
decreased bacterial load leading to lower expression of 
TNF-α in tumors. Moreover, individual bacterial species 
have been identified that positively (Alistipes shahii) 
or negatively (Lactobacillus fermentum) correlate with 
TNF-α expression in tumors leading to an improved 
or worsened tumor response to immunotherapy, 
respectively. This study provided convincing evidence 
of the crucial influence of commensal bacteria on 
the therapeutic efficiency in systemic and distant-
site diseases and identified individual members of the 
microbiota that can modulate this effect.

Mechanisms of host-microbe 
interactions in IBD
There is no question that interactions between 
microbes and the host play a central role in the 
development and severity of IBD. A growing body of 
experimental and clinical evidence has shown that 
IBD results from a dysregulated immune response 
to components of the normal gut flora in genetically 
susceptible individuals. Less is known about the 
mechanisms of such interactions. However, it is 
well-known that bacterial exposure is crucial for the 
development of colitis. In animal studies, genetically 
engineered mice developed spontaneous colitis when 
raised under standard conditions, but remained 
colitis-free when they were housed in germ-free 
conditions[27]. Moreover, it has been shown that 
antibiotic pretreatment seems to protect standard mice 
from the development of chemically induced colitis[19]. 
Similarly, antibiotic treatment has also been shown to 
be beneficial in a subset of IBD patients[28].

Lower temporal stability and reduced diversity 
of the microbiota along with a lower proportion of 
Gram-positive and a higher proportion of Gram-
negative bacteria is frequently reported in IBD patients 
compared with healthy subjects. In a subset of IBD 
patients, certain bacterial strains with specific features 
promote the disease. However, the exact nature 
of host-microbe interactions that contribute to IBD 
development has not been assessed for the majority 
of IBD patients[29]. Apart from experimental studies on 
animal models of IBD, large genome-wide association 
studies (GWAS) may provide a relevant clue to explain 
this complex relationship between host genetic factors 
and the microbiome. A large meta-analysis was 
published that described an “IBD genome”, i.e., the 
possible causal genes that point to an essential role 
for host defense against infection in IBD. These genes 
are involved in defective processing of intracellular 
bacteria (NOD2, ATG16L1, IRGM), epithelial barrier 
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transport systems[32]. In IBD, membrane function 
is frequently compromised, thus leading to an 
altered flow of information from beneficial as well as 
pathogenic members of gut microbiota. This, along 
with other processes of IBD pathogenesis, results in 
the complex clinical appearance of the disease. In 
general, four mechanisms have been proposed that 
drive pathogenic immunologic responses to luminal 
bacteria: (1) bacterial pathogens; (2) dysbiosis of 
commensal bacteria; (3) host genetic factors; and 
(4) defective host immunoregulation[33]. A scheme 
summarizing possible interactions between bacteria 
and components of the GI tract in health and IBD is 
depicted in Figure 1.

Bacterial therapy of IBD
Although the interaction between the host and 
intestinal microbiota seems to play essential role in 

function (HNF4A, CHD1, LAMB1), antigen presentation 
(HLA-DQA1) and inflammatory mediator production 
(TNFRSF14, TNFSF9, IL1R2, IL7R). These data 
confirm the key role of the interaction between the 
host mucosal immune system and microbes, both at 
the epithelial cell surface and within the gut lumen. 
Specifically, the study raises the question of what 
triggers components of the commensal microbiota to 
switch from a symbiotic to a pathogenic relationship 
with the host[30].

There are a number of proposed mechanisms by 
which the intestinal microbiota interacts with the host 
cells[31], yet no definite explanation has been generally 
accepted. It has been found that the molecules 
secreted from bacteria can enter intestinal cells via 
transporters or endocytosis, and that they activate 
cell survival pathways. These findings indicate that 
the interactions between the gut microbiota and host 
cells are mediated, at least partly, by membrane 
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Figure 1  Host-bacteria interactions. A: In the healthy gut, both commensal and pathogenic bacteria reside in the outer layer of the intestinal mucous layer without 
coming into direct contact with epithelial cells. The inner layer contains abundant antibacterial peptides and secreted antibodies that prevent the invasion of bacteria. 
Pathogenic bacteria are eradicated by various mechanisms. Commensal bacteria secrete various molecules that help to maintain the intestinal barrier, activate cell 
survival pathways and suppress inflammatory responses. Epithelial cells form a continuous, selectively permeable layer connected by intercellular junctions. The 
lamina propria contains only a few resident immune cells; B: In inflammatory bowel disease, the mucous layer is reduced and contains fewer antimicrobial peptides 
and secretory antibodies. The abundance of commensal bacteria is reduced in favor of pathogenic bacteria and both types enter the inner mucosal barrier and interact 
directly with epithelial cells. Some epithelial cells undergo cell death and disruption of the epithelial barrier occurs. Cell components are released and trigger further 
inflammation. Disruption of the epithelial barrier enables bacteria to invade the submucosa and recruit inflammatory cells. Finally, chronic inflammation develops. A 
dysbalanced immune system leads to the production of antibodies recognizing both commensal bacteria (and further reduce their numbers) and cells of the host, 
leading to further tissue destruction and inflammation, creating the “circulus vitiosus” typical for inflammatory bowel diseases.

Healthy intestine Inflammatory bowel diseaseBA
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IBD pathogenesis, standard therapeutic approaches 
for treating IBD are typically based on suppression of 
the host immune response; these drugs mainly consist 
of 5-aminosalicylates, corticosteroids, thiopurines 
and biologicals[34]. Since a significant amount of 
IBD patients do not achieve clinical remission 
after conventional therapy, there is a legitimate 
need for new therapeutic approaches. Targeting 
IBD-related microbial dysbiosis can represent an 
attractive new alternative for IBD therapy. Therapies 
based on restoration of the intestinal microbiota 
that have been successfully used in IBD patients 
include fecal microbiota transplantation, probiotics, 
prebiotic antibiotics, helminth therapy and dietary 
polyphenols[8]. The use of antibiotics, probiotics, 
prebiotics and synbiotics in IBD patients has been 
extensively discussed in the literature[35]. Such 
selective manipulation of the intestinal microbiota has 
been evaluated as an attractive therapeutic option with 
few adverse effects.

The number of clinical trials that investigated 
the role of probiotics in IBD remains relatively low. 
The most extensively tested probiotic preparations 
include Escherichia coli (E. coli) Nissle 1917 and 
VSL#3 - a highly concentrated mixture of four 
strains of Lactobacillus (L. casei, L. plantarum, L. 
acidophilus and L. delbrueckii subsp. bulgaricus), 
three strains of Bifidobacterium (B. longum, B. breve 
and B. infantis) and one strain of Streptococcus (S. 
salivarius subsp. thermophilus). The published results 
clearly indicate that both the multispecies probiotic 
VSL#3 and E. coli Nissle 1917 can be as efficient 
as standard pharmacotherapy, but only in UC (both 
for active disease as well as to induce and maintain 
remission). On the other hand, results from CD trials 
are disappointing[33,36,37]. The differential effect of 
probiotic preparations in UC vs CD indicates that IBD 
is a multifactorial disease with considerable variety in 
terms of phenotypes and severity.

Probiotic intestinal strains may provide their 
benefit in various pathological conditions and through 
different molecular mechanisms. One of these 
mechanisms which has been recently proposed could 
be reprogramming of cells in the intestinal wall into the 
state of pluripotency and subsequent differentiation 
into a phenotype resistant to pathological factors 
causing the disease[38]. In our experiments, we 
showed that dedifferentiation of intestinal cells during 
the development of colitis may result in resistance 
of these cells to adverse inflammatory events and 
ultimately give rise to new and fully functional healthy 
intestinal tissue. This hypothesis was first formulated 
theoretically and then supported by the results from a 
simple experiment[19,34,39]. 

Novel therapeutic modalities based on the restora
tion of intestinal homeostasis include fecal microbiota 
transplantation (FMT), an approach based on the 
transfer of a stool suspension obtained from a healthy 

person into the GI tract of diseased patient. FMT 
restores essential components of the microbiota 
which could reverse the inflammatory processes 
observed in IBD. FMT may possibly restore intestinal 
microbial homeostasis, and preliminary data have 
shown the clinical efficacy of FMT on refractory IBD or 
IBD combined with Clostridium difficile infection[35,40]. 
Although the evidence is still limited, the majority 
of the studies confirmed the efficiency of FMT in the 
therapy of IBD[37]. Recently, a meta-analysis of clinical 
studies was performed to evaluate the efficacy of FMT 
as a treatment for IBD[41]. Overall, 45% (54/119) of 
IBD patients achieved clinical remission during follow-
up. Subgroup analyses demonstrated clinical remission 
of 22% (95%CI: 10.4%-40.8%) for UC (P = 0.37; I2 
= 0%) and 60.5% (95%CI: 28.4%-85.6%) for CD 
(P = 0.05; I2 = 37%). However, more clinical studies 
have to be performed before FMT can become a part 
of standard medical care for IBD patients. Randomized 
controlled trials are currently ongoing that will shed 
more light into this topic, including an assessment of 
the long-term consequences of FMT such as infection, 
cancer, auto-immune and metabolic diseases. 

Bacteria as vectors in gene therapy have been 
known for a long time and have a wide range of action 
and spectrum of use[42]. Partly justified concerns about 
the possible pathogenicity slowed their use in the 
clinic and in the experiment. This problem has been 
largely overcome by modern genetic engineering. 
Currently available strains are genetically modified 
to have reduced and strictly defined virulence, which 
allows them to enter cells in the target tissue while 
maintaining safe conditions. Bacterial vectors are 
especially appropriate for IBD therapy thanks to their 
natural ability to persist in the intestinal environment. 
Such bacterial therapy of IBD was first successfully 
applied more than a decade ago, when the bacterium 
Lactococcus lactis was administered in murine colitis 
found to secrete interleukin-10 (IL-10)[43]. Similar 
results were obtained in our experiment where 
we used recombinant probiotic strains of E. coli 
Nissle 1917 and L. lactis, which secreted IL-10 as a 
treatment for chemically induced colitis[44]. Numerous 
other studies have confirmed the validity of the 
bacterial approach in IBD using different combinations 
of vectors and therapeutic genes[45-50]. Moreover, 
various bacterial strains have been successfully used 
for the treatment of cancer[51]. Our results indicate 
that sterilization of the intestine using antibiotics (the 
absence of gut microbiota) improves colonization of 
the gut by administered bacterial vectors and thus 
enhances the transfer of genes into the intestine using 
these bacterial vectors[19]. New therapeutic strategies 
can be expected based on oral administration of 
genetically engineered live microorganisms producing 
or delivering anti-inflammatory or other novel agents 
into the target (intestinal) tissue.
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Bacteriophages and IBD
Recent studies have suggested that examination of 
the gut microbiome should not focus solely on the 
bacterial composition. Bacteriophages (or phages) 
are viruses that infect bacteria, but not eukaryotic 
cells. It is estimated that the human gut contains 1015 
bacteriophages[52], which accounts for approximately 
108-109 bacteriophages per gram of human feces[53]. 
The colonization of the gut by bacteriophages 
increases rapidly after birth, as infant feces contain 
108 phage particles per gram of feces at the age of 
1 wk[54]. Analysis of the human phage microbiome 
(phageome) from a fecal sample showed both phages 
and prophages (phage genomes incorporated in the 
bacterial genome) being present, while prophages 
contribute to approximately 28% of all phages[55]. 
Three dominant families from the order Caudovirales 
(Siphoviridae, Myoviridae and Podoviridae) have been 
shown to be the most abundant phages in the intestinal 
tissue, as confirmed by both electron microscopy in 

intestinal tissue[56] and by the metagenomic approach 
in intestinal tissue and gut wash[57]. These three 
families have been confirmed by other metagenomic 
analyses, with the addition of the family Microviridae 
in the feces[55]. On the other hand, the metagenomic 
approach showed that the majority of identified phage 
sequences are not yet identified (annotated sequences 
that do not exist in the databases), meaning that more 
exact information on individual phages in the gut is yet 
to be discovered[52]. This interest is further supported 
by the fact that, recently, phages have been shown to 
be a substantial player in mucosal immunity[58]. 

Although studies dealing with bacteriophages and 
IBD are rather scarce, several studies have already 
described differences in the phage population between 
CD patients and healthy individuals, both in children 
and adults[56,57,59]. The diversity of phage genomes 
was found to be lower in the feces of CD patients 
than in healthy individuals[59,60]. Interestingly, in 
the mucosa, CD patients were found to have more 
detectable bacteriophages than healthy individuals, 
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Figure 2  Putative contribution of bacteriophages to regulation of the intestinal bacteria - a simplified scheme. A: In the healthy gut, bacteriophages might 
increase the fitness of commensal bacteria by the delivery of genes with environmental benefit or contribute to reduction of the pathogenic bacteria. Moreover, phages 
directly interact with the glycoproteins of the mucous layer and provide protection against invading bacteria. In some healthy individuals, phages have been detected 
in the circulation, suggesting the possibility that they cross the intestinal epithelial barrier; B: In inflammatory bowel disease, more phages are found in the mucous 
layer. Higher numbers of phages may be involved in reducing the amount of commensal bacteria, and may drive the transfer of genes with environmental benefit to 
pathogenic bacteria. Due to the reduced mucosal layer, phage interactions with mucosal glycoproteins may be reduced. Moreover, disruptions in the epithelial barrier 
might lead to the migration of many phage particles into the lamina propria or even the circulation. In the lamina propria, phages may serve as a local trigger of the 
immune response. After translocation to the systemic circulation, a systemic immune response might occur. 
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but the ulcerated mucosa had a lower phage count 
than unaffected mucosa[56]. Whether an ulcerated 
mucosa has more or less bacteria than non-ulcerated 
parts of the gut is not entirely clear, as some studies 
suggest no differences between non-ulcerated and 
ulcerated mucosa[61] and some show less bacteria in 
ulcerated than in non-ulcerated parts of the mucosa in 
IBD patients[62]. Fewer bacteriophages could support 
the model with less bacteria, but this has yet to be 
determined. This is further complicated by the fact that 
phages directly interact with mucosal glycoproteins 
and thus their abundance in the gut is not entirely 
dependent on the bacteria present[58]. In feces, the 
relative amount and diversity of bacteria are decreased 
in IBD[60]. The study also showed an inverse correlation 
between Caudovirales and Microviridae in healthy 
individuals, as well as CD and UC patients. However, 
significantly higher amounts of Caudovirales compared 
to Microviridae were observed only in UC patients. 

Given the abundance of phages in the gut, they 
likely substantially influence the abundance and 
diversity of bacteria in IBD. The mechanisms by which 
bacteriophages modulate the actual bacterial flora 
in the gut are likely multifactorial (Figure 2). Phages 
substantially contribute to the genetic variability of 
bacteria by horizontal gene transfer and increasing 
of the mutation rate[63]. Either way, they substantially 
influence bacterial fitness[64] and very likely modulate 
their behavior in IBD. For example, prophages carrying 
genes encoding antibiotic resistance may act either as 
procolitic factors, when incorporated into pathogenic 
bacteria, but may be beneficial when incorporated into 
probiotic bacteria. Also, stress-induced activation of 
a prophage dormant in commensal (or pathogenic) 
bacteria might lead to activation of its lytic cycle 
and subsequent reduction of the amount of the host 
bacteria. The vacated environmental niche might be 
then replaced by pathogenic (or commensal) bacteria 
with procolitic (or anti-colitic) effects. On the other 
side, an increase in a certain bacterial strain might 
lead to increased chance of infection by a specific 
phage. This is further supported by the fact that CD 
patients have higher amounts of bacteriophages 
with less diversity[56], suggesting a regulatory role for 
bacteriophages in a host-predator manner[55]. On the 
other hand, the number of bacteriophages may not 
necessarily correspond to the amount of bacteria[60,65].

Due to the coat proteins of bacteriophages, their 
effects on IBD could be also immunomodulatory. 
It has been shown that some phages are able to 
cross the mucosal barrier and stimulate immunity[66]. 
Although the available information is rather scarce, 
phages have been found to modulate both cellular 
and humoral immunity[66], but the mechanisms are 
largely unexplored[67]. In IBD, this effect might be 
further enhanced due to increased permeability of 
the intestinal mucosal barrier. Several studies have 
shown the presence of phages (“phagemia”) in the 
bloodstream of healthy individuals[66] and one study 

has shown phagemia (mycobacteriophages) in 
patients with CD[68]. This study did not show significant 
differences in the total amount of phages between 
healthy subjects and patients with IBD. However, it 
should be mentioned that the study was performed 
in the early 1970s and the only detection method 
available was based on phage titering. Metagenomic 
approach might provide more information in this 
subject. Finally, the lytic cycle of phages is followed 
by lysis of bacterial cells leading to release of 
macromolecules such as proteins, lipids and nucleic 
acids which may trigger the immune response and 
promote inflammation[60].

In recent years, phage therapy has re-gained 
attention as a therapeutic approach to combat 
bacterial infections[69]. For IBD patients, this approach 
could possibly reduce the number of specific disease-
associated bacterial strains without a direct negative 
effect on commensal bacteria. Moreover, metagenomic 
studies unveiling the “phageome” of the gut of IBD 
patients might help to develop new strategies or 
screening methods for the prediction of disease 
progression, and/or serve as a prediction tool for 
choosing the optimal therapeutic strategy. On the 
other side, in light of recent findings focused on phages 
and their putative role in IBD, especially those that do 
not depend on bacteria, further studies on safety and 
efficacy are necessary.

CONCLUSION
The pathogenesis of IBD involves several key 
processes, including disturbed activation of the 
mucosal immune system driven by abnormal intestinal 
microbiota in genetically predisposed individuals. 
Systematic shifts in the gut microbiome structure and 
function have been observed in patients with IBD, 
compared with healthy individuals. However, there 
are still no definitive microbial pathogens linked to the 
onset and development of IBD[70]. An overview of the 
literature has been provided that describes the causes 
of dysbiosis and the mechanisms evolved by the host 
to prevent these changes to community structure[71]. 
Nevertheless, results from previous studies indicate 
that the taxonomic composition of the microbiome can 
differ substantially between subjects with the same 
disease and, thus mere taxonomic characterization 
might not be sufficient to fully uncover the relationship 
between the microbiome and IBD. A more relevant 
and up-to-date method of studying the interactions 
between microbes and disease seems to be the 
analysis of microbiome biological properties (functional 
analysis). Altered intestinal tissue along with microbial 
dysbiosis both result into significant metabolic shifts 
within the intestinal microenvironments in IBD[72]. The 
Integrative Human Microbiome Project (iHMP) is an 
ongoing multi-omic longitudinal study focused on (1) 
explaining how the intestinal microbiome may trigger 
disease activity in IBD; (2) determining if the microbial 
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composition predicts the risk of exacerbations; and 
(3) testing whether a successful therapeutic response 
can be predicted from the stool microbiota[73]. Such 
an approach should provide a complex view on the 
dynamics of host-microbiome interactions and link 
them to specific disease states, including IBD. One 
of the challenges that have to be addressed is the 
timing of the administration of bacterial therapeutics. 
Unlike animal models, most IBD patients are treated 
after the appearance of serious symptoms, i.e., after 
the diagnosis of IBD. Therefore, the therapeutic effect 
might be more variable, insufficient or prone to failure. 
Nevertheless, ever-growing knowledge about the 
transmission potential of the healthy gut microbiome 
supports the rationale of preventive manipulation of 
the gut microbiota even before the diagnosis and onset 
of symptoms.

In conclusion, we predict that rigorous gut microbiota 
profiling will soon become a part of complex phenotypic 
analysis in IBD patients. Moreover, interventions 
targeting the microbial composition (including FMT, 
bacterial gene therapy, synthetic and multimicrobial 
microbiota substitutes) and the correct timing of these 
procedures will define the future directions in the field 
of IBD.
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