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Abstract
The gut microbiota plays a crucial role in maintaining gastrointestinal balance and re-

gulating immune system activity. Inflammatory bowel diseases (IBD), including Crohn’s dise-
ase and ulcerative colitis, are changes associated with significant alterations in both the com-
position and activity of the gut microbiota, a condition known as dysbiosis. Dysbiosis can lead 
to compromised mucosal barrier integrity, increased inflammation, and irregular immune 
system activity. Microbiota influences the development of IBD through altered short-chain 
fatty acid levels, lower microbial diversity, and an imbalance between protective and harmful 
bacterial populations. Current research continues to explore how interactions between the 
microbiota and immune cells contribute to the onset and persistence of inflammation. 
Therapies designed to adjust the gut microbiota, such as the use of probiotics, prebiotics, die-
tary modifications, and fecal microbiota transplantation, have shown encouraging results for 
symptom relief and longer remission in individuals with IBD. Enhanced knowledge of the 
complex microbiota role facilitates the development of tailored medical interventions and 
new treatment strategies for inflammatory bowel diseases.
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Mikrobiota creva igra ključnu ulogu u održavanju homeostaze gastrointestinalnog 
sistema i regulaciji imunološkog odgovora. Inflamatorne bolesti creva (IBC), Kronova bo-
lest i ulcerozni kolitis povezani su sa značajnim promenama u sastavu i funkciji crevne 
mikrobiote – stanjem poznatim kao disbioza. Disbioza može doprineti narušenoj mu-
koznoj barijeri, pojačanoj inflamaciji i neadekvatnom imunološkom odgovoru. Mehanizmi 
putem kojih mikrobiota utiče na tok IBC obuhvataju promene u produkciji kratkolanča-
nih masnih kiselina, smanjenu raznovrsnost mikrobiote, kao i narušavanje ravnoteže iz-
među protektivnih i patogenih bakterija. Interakcije između mikrobiote i ćelija imunog 
sistema, kao i njihova uloga u inicijaciji i održavanju inflamacije, predmet su intenzivnih 
istraživanja. Terapijski pristupi sa ciljem modulacije mikrobiote, poput upotrebe probioti-
ka, prebiotika, dijetetskih intervencija i transplantacije fekalne mikrobiote (FMT), poka-
zuju potencijal u ublažavanju simptoma i produženju remisije kod pacijenata sa IBC. 
Razumevanje kompleksne uloge mikrobiote otvara mogućnosti za personalizovanu medi-
cinu i razvoj novih strategija u terapiji IBC.

Introduction

Inflammatory bowel disease (IBD), which includes 
Crohn’s disease (CD) and ulcerative colitis (UC), repre-
sents a group of chronic, recurring conditions that affe-
ct the gastrointestinal tract. The development of IBD is 
influenced by a multifaceted interaction between genetic 
predisposition, environmental triggers, immune system 
imbalance and alterations in the gut microbiota. Over the 
past two decades, accumulating research has highlighted 
the significant role of gut microbiota imbalance, known as 
dysbiosis, in the development and progression of IBD (1).

Changes in the gut microbiota associated with 
inflammatory bowel disease

Healthy gut ecosystems typically dominated by 
members of the phyla Firmicutes (e.g. Faecalibacterium, 
Roseburia), Bacteroidetes (e.g. Bacteroides thetaiotaomi-
cron), Proteobacteria and Actinobacteria. Numerous stu-
dies on the human microbiome have revealed clear distin-
ctions in gut microbial composition between individuals 
with IBD and healthy controls (2), leading to the conclusi-
on that both the structure and variability of the gut micro-
biota play a crucial role in the pathogenesis of IBD (3, 4). 
Decreased microbial diversity along with a reduction in 
beneficial Firmicutes and Bacteroidetes species and an 
increased abundance of Proteobacteria has been reported 
in IBD patients, particularly those with active disease (5). 
The shift in gut microbiota composition occurs during 
the initial phases of IBD. Microbiome composition flu-
ctuations tend to be more significant in individuals with 
IBD than in healthy people (6). Compared to UC, CD is 
associated with a more pronounced disruption of the gut 
microbiota. (7, 8). In comparison with healthy individuals, 
patients with both CD and UC show a notable reducti-
on in beneficial bacterial species, including Eubacterium 
rectale, Faecalibacterium prausnitzii, and Roseburia intesti-
nalis. These genera play a key role in producing short-c-
hain fatty acids (SCFAs), which are known for their 

anti-inflammatory properties (9, 10). Additionally, IBD 
patients’ microbiota is characterized by reduced levels of 
and weakened adhesion of Lactobacillus species to epit-
helial cells (11). A significant reduction in the number of 
mucosa-associated Bifidobacterium has also been repor-
ted in patients with UC, while individuals with CD exhi-
bit notably lower levels of specific Bifidobacterium species, 
including B. bifidum, B. longum, B. adolescentis, and B. 
dentium (10, 11). At the same time, potentially harmful 
bacteria Bacteroides fragilis shows increased abundan-
ce and growth rates (12). Species such as Ruminococcus 
torques and Ruminococcus gnavus also become more pre-
valent during the onset of both CD and UC. Ruminococcus 
gnavus, a commensal bacterium typically found in healthy 
individuals, is present in notably higher amounts in pa-
tients with CD and has been shown to activate dendritic 
cells (DCs), leading to the production of pro-inflamma-
tory cytokines (13). In individuals with CD, families such 
as Christensenellaceae, Coriobacteriaceae, and particular-
ly Clostridium leptum are reduced, whereas Actinomyces 
spp., Veillonella spp., and Escherichia coli are elevated. In 
UC, there is typically a decrease in Eubacterium rectale, 
along with a decrease in Akkermansia muciniphila and an 
increased presence of Escherichia coli (14). A comparative 
study revealed that Intestinibacter spp. are more abundant 
in both CD and UC, whereas Coprococcus spp. are signifi-
cantly reduced in CD patients (15).

Loss of beneficial microbes leads to reduced meta-
bolic diversity and decreased production of health-promo-
ting compounds, while overgrowth of pathobionts promo-
tes inflammation, forms multispecies biofilms at the epit-
helial surface and impairs epithelial integrity. In addition, 
pathobionts can activate Toll-like receptor (TLR)-mediated 
pathways and produce pro-inflammatory metabolites.

Role of microbiota in intestinal barrier 
preservation in IBD

A healthy gut microbiota is important for mainta-
ining the integrity and proper function of the intestinal 
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barrier (16). Impairment of the intestinal barrier resulting, 
at least in part, from alterations in gut microbiota com-
position (dysbiosis), includes disruption of the chemical, 
mechanical and immune barrier and is believed to play an 
important role in the pathophysiology of IBD (17, 18).

The chemical barrier of the intestine is mainly com-
posed of a mucus layer rich in various substances and 
mucins (MUCs) produced by gastrointestinal tract cells. 
Additionally, antimicrobial agents produced by the gut mi-
crobiota contribute to this barrier. The peripheral mucus 
layer promotes the growth of gut microorganisms (19). 
Several beneficial bacteria including Lactobacillus and 
Bifidobacterium produce bacteriocins that can eliminate 
specific pathogenic microorganisms (20).

The mechanical barrier in the gut depends largely 
on maintaining a continuous layer of intestinal epithelial 
cells (IECs), along with the tight junction (TJ) complexes 
that connect them. It plays a crucial role in protecting the 
body against invading pathogens (21). Disruptions of the 
intestinal mechanical barrier, particularly increased apop-
tosis of IECs and the breakdown of TJs, have been widely 
documented in IBD. These defects allow luminal microbes 
and antigens to translocate through the epithelial barrier, 
triggering immune cell activation and chronic inflam-
mation (22, 23). Alterations in glycan composition can 
compromise the integrity of the mucosal barrier and im-
mune functions, thereby facilitating the onset of IBD (24). 
Beneficial microorganisms, including Lactobacillus and 
Bifidobacterium, play a pivotal role in modulating immune 
responses and maintaining intestinal health in IBD. They 
achieve this primarily through the production of short-c-
hain fatty acids (SCFAs), which exert anti-inflammatory 
effects and support immune homeostasis (25). They help 
restore the intestinal barrier by modulating TJs and prote-
cting IECs. Short-chain fatty acids have been demonstra-
ted to enhance the expression of TJs proteins (claudin-1 
and zonula occludens-1 (ZO-1)), while also facilitating the 
redistribution of occludin. Among SCFAs, butyrate acts as 
an important energy source for IECs, promoting their pro-
liferation and reducing apoptosis (26, 27). Bifidobacterium 
bifidum enhances the intestinal epithelial TJs barrier by 
interacting with the apical surface of enterocytes via Toll-
like receptor-2 (TLR-2). This interaction activates the p38 
kinase pathway, improving barrier function without in-
volving the NF-κB signaling pathway (28). However, levels 
of Bifidobacteria, particularly B. bifidum, are significantly 
reduced in patients with IBD (29). Also, IBD-related dys-
biosis results in increased gut colonization with harmful, 
pathogenetic microorganisms which may contribute to the 
failure of the intestinal mechanical barrier through vario-
us mechanisms. Adherent-invasive Escherichia coli (AIEC), 
detected in microbiota of more than 50% CD patients, are 
capable of penetrating the mucus layer, attaching to intesti-
nal epithelial cells, and colonizing the gastrointestinal mu-
cosa (30, 31). Pathogenic microorganisms can disrupt the 
positioning and expression of TJ proteins, leading to their 
deterioration and activation of pro-inflammatory signa-
ling pathways. An increase in pro-inflammatory cytokines 

may activate intracellular apoptotic signaling in IECs, tri-
ggering programmed cell death and compromising epithe-
lial integrity, which results in intestinal barrier dysfuncti-
on (32). Soluble factors released by apoptotic IECs can be 
used by members of the Enterobacteriaceae family support 
their own proliferation and mucosal colonization. This is 
achieved by upregulating the pflB gene, which encodes 
pyruvate format-lyase, thereby contributing to the progre-
ssion of IBD (33). Klebsiella pneumoniae is able to infiltrate 
IECs and interact with macrophages, prompting the rele-
ase of pro-inflammatory cytokines such as interleukin 1β 
(IL-1β) and tumor necrosis factor (TNF) (34). 

Some investigations suggest that dysbiosis impairs 
metabolic functions in IECs. For example, NLRX1 (nuc-
leotide-binding oligomerization domain, leucine-rich re-
peat X1), a mitochondria-associated member of the NLR 
(nod-like receptor) family, shows promise as an anti-in-
flammatory factor in colitis. Nucleotide-binding oligome-
rization domain NLRX1 is essential for maintaining a ba-
lanced glutamine metabolism and proper barrier function. 
In patients with IBD, NLRX1 expression in IECs is reduced. 
This reduction leads to increased inflammation, impaired 
glutamine metabolism, weakened intestinal barrier functi-
on and increased intestinal permeability (“leaky gut”) (35).

The intestinal immune barrier consists of a diver-
se population of immune cells located particularly in the 
lamina propria and within the intestinal epithelium (36). 
The gut microbiota plays an important role in the differen-
tiation and activation of immune cells within the intestinal 
mucosa. In patients with IBD, compromised integrity of 
the intestinal epithelial barrier allows pathogens as well as 
opportunistic bacteria such as AIEC to reach the lamina 
propria and activate pattern recognition receptors (PRRs) 
on immune cells (37). Pathogen-associated molecular 
patterns (PAMPs) derived from harmful bacteria, such as 
lipopolysaccharide (LPS) and flagellin, primarily stimula-
te macrophages and DCs through PRRs including TLRs 
and NLRs, initiating pro-inflammatory immune respon-
ses (38, 39). Activation of these pathways leads to the se-
cretion of interleukin-6 (IL-6) and interleukin-23 (IL-23) 
(40). These cytokines promote the differentiationof CD4+ 
T cells into Th17-type cells (41).

Microbiota-derived metabolites in IBD

Impaired gut microbiota in patients with IBD re-
sults in altered modified synthesis of important metabolic 
compounds including SCFAs, tryptophan-derived mole-
cules, and bile acids. Compared to healthy individuals, pa-
tients with IBD exhibit increased production of bile acids 
and sphingolipids, along with decreased levels of triacyl-
glycerols and tetrapyrroles (42). The aforementioned 
changes play a role in weakening the epithelial barrier, 
disrupting immune regulation, and maintaining chronic 
inflammation in IBD (43).

Short-chain fatty acids contribute significantly to 
mucosal immune regulation by enhancing B-cell generati-
on and facilitating both the development and expansion of 
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T regulatory (Tregs) cells. They may also influence the 
production of pro-inflammatory cytokines. Butyrate 
exerts immunoregulatory functions by increasing both the 
number and functional capacity of Tregs, while simulta-
neously suppressing the activity of neutrophils, macropha-
ges, and dendritic cells. Decreased SCFA levels in patients 
with IBD have been linked to dysbiosis and increased infil-
tration of intestinal inflammatory cells (44). The detection 
of reduced levels of butyrate-producing species, accompa-
nied by an increased abundance of E. coli, has been asso-
ciated with lower concentrations of SCFAs in fecal samples. 
(45). They activate the NLRP3 inflammasome by signaling 
through GPR43 and GPR109A receptors, causing the rele-
ase of potassium and calcium ions and contributing to epi-
thelial healing in colitis by regulating IL-18 (46). The loss 
of SCFAs, frequently associated with antibiotic therapy, 
can promote the polarization of macrophages toward a 
proinflammatory M1 phenotype, which leads to elevated 
cytokine release and worsened intestinal inflammation (47).

The intestinal microbiota plays a major role in regu-
lating bile acid concentrations, which in turn, affect the 
host immune functions (48). Bile acids have the ability to 
stimulate Tregs and effector T helper cells, particularly 
Th17 (49). Song and colleagues demonstrated that micro-
bial bile acid transformation directly affects Treg cell po-
pulations in the animal model (50). This immunomodula-
tory effect of bile acids is linked to their interaction with 
receptors such as Farnesoid X Receptor (FXR). Patients 
with IBD often exhibit decreased bile salt hydrolase activi-
ty, causing an imbalance between primary and secondary 
bile acids (51).

Tryptophan is an essential aromatic amino acid that 
is metabolised through serotonin and kynurenine pat-
hways in the host, while gut microbes mainly convert it 
into indole derivatives. Activation of the aryl hydrocarbon 
receptor (AhR) by microbial metabolites suppresses the 
secretion of pro-inflammatory cytokines (52, 53). In a 
study involving 535 patients with IBD, alterations in tryp-
tophan metabolism were associated with disease severity 
(54). Dietary tryptophan deficiency has been linked to 
worsened colitis in murine models (55).

Another relevant microbial metabolite in IBD is 
N-acylethanolamine, an endogenous signaling lipid whose 
levels are associated with microbial shifts, specifically in-
creased abundance of Proteus and reduced Bacteroides. 
Modulating N-acylethanolamine could potentially restore 
gut microbial balance in IBD (56).

Overall, gut microbiota and their metabolites play a 
significant role in regulating the host immune system. 
Targeting these metabolites may offer a promising thera-
peutic strategy for the treatment of IBD.

Microbiota-targeted therapeutic strategies

Probiotic treatment in IBD

Probiotics are being increasingly investigated as 
a supportive treatment in IBD due to their potential to 

alleviate symptoms, reduce gut inflammation, and help re-
store microbial balance (57). According to the European 
Crohn’s and Colitis Organization (ECCO) guidelines, the 
use of probiotics alongside anti-TNF therapy in IBD pa-
tients is generally considered safe. However, caution is 
advised when strains with beta-hemolytic activity are in-
volved (58). There is a concern that probiotics may harbor 
antibiotic resistance genes that could transfer to pathoge-
nic microbes, which could negatively impact therapeutic 
success (59). 

Commonly used probiotics include species of 
Bifidobacterium and Lactobacillus, which have shown be-
neficial effects in managing IBD (60). Several Lactobacillus 
strains are known for their probiotic role and are often 
included in adjunctive therapies for IBD. They help redu-
ce gut damage, support the intestinal barrier, and regula-
te immune system activity (61). Studies have shown that 
Bifidobacterium bifidum enhances the tight junctions of 
the intestinal mechanical barrier by activating TLR-2 (62), 
while Lactobacillus rhamnosus promotes mucus producti-
on and enhances the intestinal chemical barrier (63). In 
addition, Lactobacillus casei improves the intestinal im-
mune barrier function and reduces the levels of pro-in-
flammatory cytokines including TNF-α and IL-12 (64). 
Members of the family Bifidobacteriaceae are associated 
with beneficial impact on gut health and their ability to re-
duce IBD symptoms (65). Numerous studies highlight the 
importance of Bifidobacterium spp. in keeping the intesti-
nal barrier healthy and intact (66, 67). A new class of pro-
biotics, including Faecalibacterium prausnitzii, Roseburia 
spp., and Akkermansia muciniphila, has been introduced 
as the “next-generation probiotics” for IBD (68). F. prau-
snitzii, member of the Oscillospiraceae family, is a major 
butyrate producer (69). Similarly, Roseburia species pro-
duce butyrate and have been associated with beneficial 
outcomes in IBD (70). Roseburia intestinalis supports 
recovery of gut microbiota by enhancing IL-22 expressi-
on and strengthening intestinal barrier integrity through 
increased levels of occludin, a key tight junction protein. 
Consequently, higher abundances of Roseburia are linked 
to reduced ulcerative colitis activity (71). Recent studies 
emphasize the potential role of probiotics in IBD manage-
ment. Nevertheless, they are typically viewed as a suppor-
tive therapy, not a standalone treatment. The American 
Gastroenterological Association (AGA) Clinical Practice 
Guidelines recommend that probiotics should be used 
for adults and children with UC or CD only within cli-
nical trials (72). The British Society of Gastroenterology 
acknowledges that probiotics may help UC patients, but 
does not recommend their routine use. Currently, eviden-
ce remains insufficient to support the effectiveness of pro-
biotics in treating CD (73).

In order to enhance the reliability of existing evi-
dence, future studies should emphasize rigorously de-
signed, multicenter clinical trials with sufficiently large 
sample sizes.
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Fecal Microbiota Transplantation (FMT)

Fecal microbiota transplantation (FMT) has emer-
ged as a potential therapeutic option for individuals with 
IBD, drawing increasing interest due to its ability to reesta-
blish microbial balance in the gut (74), FMT involves tran-
sferring stool from a healthy donor to a recipient’s gut to 
help restore microbial balance and treat intestinal and 
systemic disorders. Current clinical guidelines support the 
use of FMT for the management of recurrent Clostridioides 
difficile infections, while its potential application is also be-
ing investigated for conditions such as IBD, IBS, and fun-
ctional constipation (58, 75). Growing body of evidence 
confirms the clinical benefits of FMT in IBD patients by 
correcting dysbiosis, enhancing the abundance of benefi-
cial microbial species, and reducing harmful ones (76-78). 
Brezina et al. and Fang et al. reported that FMT therapy 
achieved clinical remission rates comparable to, or even 
higher than conventional treatments such as 5-aminosali-
cylic acid (5-ASA) and corticosteroids (79, 80). Although 
FMT is primarily used for managing UC, its effectiveness 
in CD remains to be confirmed through additional studies. 
According to the Rome consensus, FMT can be performed 
using either fresh or frozen donor stool. Frozen stool is 
generally preferred due to its safety profile and ease of sto-
rage (81). Nevertheless, it is still unclear whether fresh or 
frozen stool yields better outcomes in the treatment of IBD. 
A systematic review of 14 clinical trials reported compara-
ble remission rates between fresh stool FMT (40.9%) and 
frozen stool FMT (32.2%), with no statistically significant 
difference observed (82). On the other hand, Cheng et al. 
observed a notably higher clinical remission rate with fre-
sh stool compared to frozen (73% vs. 43%, p < 0.05) (83).

Challenges and Future Directions

Gut microbiota-derived metabolites, especially 
SCFAs, play a key role in mediating communication 
between the host and its microbiota (3, 84, 85). 
Understanding the complete range of microbiota-induced 
influences on host immune metabolism is still complex, as 
microbial metabolites may have differing effects depen-
ding on the surrounding microenvironment and the in-
volved cell types. To address this complexity, modern 
approaches such as functional metagenomics, synthetic 
biology, and integrated bioinformatics are increasingly be-
ing applied. These technologies enable the exploration of 
microbial communities for novel bioactive compounds 
and gene clusters with potential relevance to IBD. 
Combining data-driven strategies with experimental 
systems holds great promise for the discovery of new mi-
crobial-derived therapeutic targets. Interestingly, even 
asymptomatic family members of patients with IBD may 
exhibit metabolic alterations similar to those seen in dia-
gnosed individuals. These findings imply that it may be 
possible to identify individuals at risk before clinical mani-
festations develop. Moreover, detailed time-resolved profi-
ling of the microbiome and metabolome may facilitate the 
discovery of dynamic biomarkers relevant to disease 

development, diagnostic processes, and treatment outco-
mes. The use of 16S rRNA sequencing and other advanced 
microbiological tools enables targeted manipulation of the 
gut microbiome, paving the way for personalized tre-
atments. Comprehensive analysis of disease initiation and 
development is increasingly supported by multi-omics 
strategies, such as genomics, transcriptomics, proteomics, 
immunomics, and microbiomics (3). Alongside these 
advances, both traditional therapeutics and novel drug 
candidates are being optimized, with artificial intelligence 
(AI) algorithms expected to play a growing role in IBD dia-
gnosis and treatment (86).

Conclusion

Recent findings have considerably advanced our 
understanding of the impact of gut microbiota on IBD. 
Important aspects involve dysbiosis characterized by a re-
duction in beneficial microorganisms and an increase in 
pathobionts, as well as the mechanistic role of microbial 
metabolites in immune modulation and maintenance of 
barrier integrity, and emerging microbiota-based therape-
utic strategies, ranging from probiotics and FMT to engi-
neered microbes and personalized dietary interventions. 
Biomarkers derived from microbiota and microbial functi-
on now offer promising tools for diagnosis, prognosis, and 
therapeutic guidance. Continued integration of longitudi-
nal multi-omic data with controlled interventions will be 
essential to translating these insights into precision micro-
biome-based medicine in IBD.
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