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Abstract 
Inflammatory bowel disease ( IBD ) is a chronic inflammatory disorder of the gastrointestinal tract, and its pathogenesis is believed to 
be associated with an imbalance between commensal organisms and the intestinal immune system. This imbalance is significantly 
influenced by the intestinal microbiota and metabolites and plays a critical role in maintaining intestinal mucosal homeostasis. How- 
ever, disturbances in the intestinal microbiota cause dysregulated immune responses and consequently induce intestinal inflamma- 
tion. Recent studies have illustrated the roles of the intestinal microbiota in the pathogenesis of IBD and underscored the potential 
of precision diagnosis and therapy. This work summarises recent progress in this field and particularly focuses on the application of 
the intestinal microbiota and metabolites in the precision diagnosis, prognosis assessment, treatment effectiveness evaluation, and 

therapeutic management of IBD.
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Introduction 

Inflammatory bo w el disease ( IBD ) is a c hr onic nonspecific in- 
flammatory disease of the gastrointestinal tract that mainly in- 
cludes Crohn’s disease ( CD ) and ulcerative colitis ( UC ) . Despite 
extensi ve stud y, the precise etiologies and pathologies of IBD,
whic h ar e consider ed to be involv ed in a complex interplay of 
genetic pr edispositions, micr obial alternations, dysr egulated im- 
m une r esponses , and en vironmental factors , remain elusive [ 1 ].
Essential in the pathogenesis of IBD is the disruption of intesti- 
nal immune homeostasis, influenced by predisposing factors in- 
cluding the gut microbiota, diet, medications, and psychological 
stress [ 2 , 3 ]. 

The gut microbiota, a k e y player in this ecosystem, per- 
forms critical functions such as nutrient metabolism, mainte- 
nance of mucosal barrier integrity, immune modulation, and 

pathogen defense . T he delicate balance between the gut mi- 
crobiota and metabolites and the intestinal immune system is 
crucial for intestinal health [ 4 ]. Disturbances in this balance 
have been reported to be linked to various gastrointestinal dis- 
orders, including IBD [ 5 ], indicating that the gut microbiota 
diversity and abundances are vital for maintaining intestinal 
homeostasis [ 6 ]. 

Emer ging e vidence underscor es the pivotal r ole of the gut 
microbiota in the onset of IBD and its pr ogr ession. This r e- 
view discusses the impacts of the intestinal microbiota on 

the pathogenesis of IBD and explores their potential in re- 
fining the precision diagnosis and treatment of this complex 
disease. 
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egulation of intestinal microbiota in 

ntestinal mucosal homeostasis 

hysiological functions of the intestinal 
icrobiota 

he intestinal microbiota, comprising bacteria, viruses, fungi, par- 
sites, and archaea [ 7 ], encompasses > 50 bacterial groups with
1100 species . T he collective mass of the intestinal microbiota is
0.2 kg, making up 60% of stool’s dry mass [ 8 ]. Pr edominantl y, Fir-
icutes , Bacteroidetes , and Actinobacteria constitute 90% of the gut
icrobiota, with Proteobacteria and Fusobacteria being less common 

 6 ]. Notably, Firmicutes , known for their production of butyric acid,
 type of short-chain fatty acid ( SCFA ) , play a crucial role in sus-
aining the health of the intestinal epithelia [ 9 ]. 

The intestinal microbiota performs vital physiological func- 
ions that contribute to the host’s ov er all well-being, including
ssisting in food digestion and energy production, regulating im- 
 une r esponses, pr otecting the intestinal lining, r egulating fat

tor a ge, stim ulating intestinal angiogenesis [ 9 ], producing a va-
iety of growth factors, shielding against pathogen invasion, and 

nsuring the intestinal microecological balance [ 7 ]. For example,
ifidobacterium longum has the capacity to balance the intestinal 
ora, mitigate intestinal inflammation by reducing proinflamma- 
ory cytokines and r eactiv e oxygen species, and fortify the intesti-
al epithelial barrier integrity [ 10 ], which is suggestive of its ther-
peutic potential in IBD management. 

The intestinal microbiota also provides important metabolites 
uch as SCFAs , indoles , and bile acids [ 11 , 12 ], and produces SCFAs,
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ainly including acetate , propionate , and butyrate . Bacteroidetes
ainl y pr oduce acetate and pr opionate, while Firmicutes mainl y

r oduce butyr ate. SCFAs enhance the barrier function of intesti-
al epithelial cells and also have immunomodulatory effects,
uch as reducing pro-inflammatory cytokines and stimulating the
eneration of regulatory T cells ( Tregs ) . The intestinal microbiota
onverts tryptophan into a range of indole metabolites, and in-
oles play a regulatory role in intestinal mucosal immunity [ 13 ].
dditionally, primary bile acids are processed by the intestinal mi-
robiota into secondary bile acids, which play an important role in
r e v enting bacterial ov er gr owth, modulating m ucosal imm unity,
nd protecting intestinal epithelial integrity [ 7 ]. 

ntestinal microbiota antigens maintain 

ntestinal mucosal immune homeostasis 

ntestinal micr obiota-deriv ed antigens play dic hotomous r oles in
aintaining intestinal mucosal homeostasis by either boosting
 ucosal imm une r esponses or fostering imm une toler ance. In-

reasing lines of evidence have demonstrated that certain micro-
ial antigens can escalate mucosal immune responses, thus in-
ucing CD4 + T cell activation and proliferation in the gut mucosa
nd facilitating them to secrete proinflammatory cytokines [ 14 ].
his e v ent r esults in intestinal m ucosal inflammation and tissue
amage . A notable example in volves the segmented filamentous bac-
eria ( SFB ) , known for their capacity to enhance the generation of T
elper 17 ( Th17 ) cells in the small intestinal lamina propria, a k e y
r ea for m ucosal defense and autoimm une disease de v elopment
 15 ]. Studies using fecal micr obiota tr ansplantation ( FMT ) fr om
FB-infected mice into germ-free or normal mice have shown a
ignificant Th17 cell accumulation, highlighting the potential role
f SFB in the induction of inflammatory processes in gut mucosa
 15 , 16 ]. 

Conv ersel y, other e vidence has also shown that se v er al micr o-
iota components modulate immune responses to w ar ds immune
olerance, thus aiding in inflammation control. Bacteroides frag-
lis , for example, le v er a ges its pol ysacc haride A antigen to mit-
gate experimental colitis in mice by reducing proinflammatory
nterleukin ( IL ) -17A pr oduction, a pr ocess dependent on IL-10 pr o-
uction from CD4 + T cells [ 17 ]. In addition, Enterococcus faecium
ould activate the nucleotide-binding oligomerization domain-
ontaining protein 2 ( NOD2 ) gene in myeloid cells, an important
ene involved in the regulation of the inflammatory response to
acterial antigens [ 18 ], thereby upregulating IL-1 β, which subse-
uently enhances the secretion of IL-22 by lymphoid cells and ex-
rts anti-inflammatory effects [ 19 ]. Mor eov er, the intestinal Tregs,
rucial for imm unopr otection, ar e modulated by the intestinal mi-
r obiota. Pr e vious studies hav e also pr ov en that specific str ains of
ifidobacteria , lactobacilli , and B. fragilis as well as particular Clostrid-
um clusters, could enhance Treg accumulation in gut mucosa,
hus providing a promising approach in the prevention of colitis
nd other inflammatory conditions [ 20 ,21 ]. 

ntestinal microbial metabolites participate in 

ntestinal mucosal homeostasis 

he gastr ointestinal tr act serv es as a complex ecosystem where
 div erse comm unity of micr oor ganisms pr oduces a v ariety of
etabolites with significant impacts on host physiology [ 13 ].
 hese metabolites , particularly SCFAs like acetate , propionate ,
nd butyr ate, ar e pivotal in maintaining intestinal mucosal home-
stasis. Accumulating lines of evidence have highlighted that
CFA le v els ar e notabl y r educed in IBD patients and murine colitis
odels, whereas SCFA supplementation mitigates colitis symp-
oms [ 22 ]. SCFAs are instrumental in preserving intestinal health,
r oviding ener gy to the colonic cells, and modulating imm une r e-
ponses to reduce intestinal mucosal inflammation [ 23 ], and play
 k e y r ole in ener gy metabolism r egulation. Acetate influences
atiety and fat stor a ge, and pr opionate affects intestinal motility
nd energy metabolism via glucagon-lik e pe ptide 1 ( GLP1 ) secre-
ion. Mor eov er, butyr ate, as the primary energy source for colonic
pithelial cells, enhances GLP1 production [ 13 ]. Beyond energy
etabolism, SCFAs hav e pr ofound effects on the intestinal im-
une system, fostering the development of B cells and Tregs, con-

ributing to the intestinal mucosal integrity, and possessing anti-
nflammatory pr operties thr ough the pr oduction of IL-18 and in-
ibition of histone deacetylases [ 13 ]. Additionally, SCFAs regulate

ntestinal IgA production, essential for maintaining gut home-
stasis and combating intestinal inflammation. This regulation is
riven by acetate that acts through G protein-coupled receptor 43
 GPR43 ) to prompt dendritic cells to convert vitamin A into retinoic
cid, ther eby stim ulating IgA pr oduction by B cells [ 24 ]. Further-
ore, SCFAs influence cellular immunity by Treg cell differentia-

ion, which further facilitates IL-10 and IL-22 production, essential
or maintaining intestinal balance and controlling gut inflamma-
ion [ 25 ]. Specificall y, butyr ate has been shown to pr omote the
ifferentiation of CD4 + T cells into Tregs, thus contributing to
otential ther a peutic benefits to IBD patients [ 26 ]. In addition,
CFAs also constrain the production of pro-inflammatory cy-
okines by neutr ophils, ther eby alle viating m ucosal inflammatory
amage [ 27 ]. 

Bile acids are deri vati ves of cholesterol, and the intestinal mi-
r obiota markedl y influences the synthesis and metabolism of
ile acids [ 28 ]. The primary bile acids are converted into sec-
ndary bile acids by the intestinal microbiota, thus greatly ex-
anding the molecular diversity in the intestinal environment.
r e vious study has demonstrated that B. longum CECT 7894, which
ontains bile salt hydr olase genes, impr ov es the efficacy of anti-
NF monoclonal antibody [i.e. infliximab ( IFX ) ] in a murine coli-

is model through the regulation of the metabolism of bile acids
 29 ]. Se v er al ther a peutic a ppr oac hes, suc h as diet, pr obiotics, FMT,
nd ursodeoxycholic acid, could alleviate intestinal mucosal in-
ammation by regulating bile acids and the intestinal microbiota
 30 ]. Evidence has shown that bile acids play an important role
n the maintenance of intestinal microbiota homeostasis and the
elicate balance of the mucosal immune system, and generally
ossess an anti-inflammatory effect. They inhibit the assembly
f inflammatory v esicles, decr ease the expr ession of pr oinflam-
atory cytokines in macr opha ges and dendritic cells, and pre-

ent the proinflammatory capacity of monocytes . Moreo ver, bile
cids constrain the differentiation and function of Th17 cells [ 31 ],
nd upregulate the differentiation of Tregs, downregulate proin-
ammatory cytokines such as IL-17A/F and TNF- α, and upregu-

ate anti-inflammatory cytokines such as IL-10 and transforming
r owth factor- β ( TGF- β) . Additionall y, bile acids also pr otect in-
estinal barrier integrity by enhancing tight junction molecule ex-
ression [ 32 ]. 

Tryptophan is an essential aromatic amino acid that humans
ust obtain from their diet. Poultry, fish, oats, and dairy products

re common sources of dietary tryptophan. Plasma tryptophan
s decreased in IBD patients due to dysregulated gut microbiota

etabolism [ 13 ] and is negativ el y corr elated with IBD disease
e v erity [ 33 ]. Tryptophan can be converted into a series of indole
etabolites by the intestinal microbiota. Indoles promote the

elease of GLP1, and indole deri vati ves act as agonists of the
ranscription factor aryl hydrocarbon receptor, thereby affecting
 ucosal imm unity and CD4 + T cell activ ation and pr olifer ation
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Figure 1. Gut microbiota and metabolites are involved in the pathogenesis of IBD. Gut microbiota and metabolite disturbance in IBD includes a 
decrease in commensal bacteria and anti-inflammatory metabolites such as SCFAs, and an increase in pathogenic bacteria and proinflammatory 
metabolites such as histamine and succinate, which then induce compromised intestinal barrier integrity and dysregulated immune responses in gut 
mucosa, contributing to the pathogenesis of IBD. 
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[ 13 ]. Consistentl y, supplementation with Lactobacillus -pr oducing 
tryptophan catabolite could reduce susceptibility to inflamma- 
tory disease [ 34 ]. 

The intestinal microbiota also produces other metabolites, 
suc h as histamine, whic h plays a r ole in maintaining imm une r e- 
sponses in gut mucosa. Histamine is a biogenic amine found in 

a wide variety of cells . T he main source of histamine is food, but 
it can also be synthesized and regulated by the intestinal micro- 
biota. Histamine has proinflammatory effects, and is found to be 
increased in the inflamed mucosa of IBD patients [ 35 ]. Moreover,
mast cells also produce histamine upon antigen stimulation in 

the inflamed mucosa of IBD patients, indicating that mast cells 
are also involved in the pathogenesis [ 36 ]. 

Dysbiosis of the intestinal microbiota is 

involved in the development of IBD 

Alter a tions in the intestinal microbiota in IBD 

patients 

IBD patients have disrupted intestinal microbiota and metabo- 
lites, c har acterized by r educed bacterial div ersity, incr eased inv a- 
siv e micr obiota ( suc h as Proteus and Esc heric hia coli ) and decr eased 

pr otectiv e micr obiota ( suc h as Bifidobacterium ) . Mor eov er, the con- 
tent of SCFAs in the stool of IBD patients is significantly lo w er than 

that of healthy donors, which is consistent with the low frequen- 
ies of SCFA-producing microbiota ( such as Faecalibacterium and 

ethanogenic archaea ) in IBD patients [ 37 ]. Such alterations are
nvolved in the pathogenesis of IBD [ 38 ], causing damage to the
ntestinal barrier and dysregulated immune response in the gut 

ucosa [ 39 , 40 ] ( Fig. 1 ) . 
In addition to the alterations in intestinal microbiota observed 

n IBD patients compared to healthy individuals, distinct micro- 
ial pr ofiles ar e associated with eac h IBD behavior. IBD encom-
asses two primary subtypes, namel y UC and CD, whic h can be
urther stratified based on disease location and comorbidities. A 

 ecent Mendelian r andomization anal ysis exploring gut micr o-
iota across 10 IBD subtypes r e v ealed that the family Defluvi-

taleaceae is associated with a reduced risk of colonic CD, while the
enus Lachnospiraceae ND3007 group and the genus Hungatella are 
inked to a decreased risk of left-sided UC. Gener all y, Hungatella ,
cidaminococcaceae , and 13 other microbial taxa are identified as
r otectiv e factors for various IBD subtypes, whereas Terrisporobac-
er , Anaerostipes , and 21 other microbial taxa are associated with
n increased risk for different IBD subtypes [ 41 ]. These findings
nderscore the potential for modifying gut microbiota composi- 
ion as a strategy for preventing and improving the prognosis of
BD. 

Many other aspects of the altered intestinal microbiota in pa-
ients with IBD are also apparant. Increasing lines of evidence
ave shown that bacterial levels are disturbed in the inflamed
 ucosa [ 42 ], suc h as an incr ease in facultativ e anaer obes suc h
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s E. coli but a decrease in beneficial obligate anaerobes like Fae-
alibacterium prausnitzii and Roseburia hominis . Mor eov er, higher
umbers of Ruminococcus torques and Ruminococcus gnavus are
resent in IBD patients, along with increased abundance and
ctivity of certain Clostridium species [ 43 ]. In addition, a reduc-
ion in fumarate and its deri vati ves in murine colitis models,
long with a decrease in fumarate-producing bacteria, suggests a
etabolic shift associated with disease status [ 44 ]. At the ecolog-

cal le v el, some bacterial species in IBD patients hav e specific co-
bundance relationships compared to healthy controls. For exam-
le, E. coli shows a positive co-abundance relationship with pro-

nflammatory bacteria, but a negative co-abundance relationship
ith anti-inflammatory bacteria [ 45 ], suggesting a disturbance of

ntestinal micr obial inter actions that plays an important r ole in
he pathogenesis of IBD. 

Advancements in 16S rRNA and shotgun metagenomic se-
uencing hav e r e volutionized our understanding of the intestinal
icrobiota, offering a high-resolution view that distinguishes IBD

atients from healthy individuals . T hese tec hnologies accur atel y
nal yze intestinal micr obial composition fr om stool or m ucosal
iopsy samples, generate extensive bioinformatics data through
ene sequencing [ 46 ], and facilitate the exploration of underlying
ec hanisms by whic h intestinal micr obes contribute to the on-

et and pr ogr ession of IBD. Recentl y, se v er al studies have identified
ew loci associated with IBD [ 47–49 ], paving the way for better un-
erstanding of host–microbe abnormalities in IBD [ 50 ]. Some an-
imicrobial genes are observed to be overexpressed in IBD [ 51 ], e.g.
xpression of the antimicrobial gene regenerating family member
 ( REG3 ) is abnormall y incr eased in IBD patients [ 19 ], while GPR65,
hich has antibacterial effects, is significantly reduced in the in-
amed intestinal epithelium [ 52 ]. GPR84, which can be stimulated
y lipopol ysacc haride, is incr eased in inflamed colon tissue [ 53 ].
hese studies help to r e v eal the mec hanism of the involvement of

ntestinal microbiota in the occurrence and development of IBD
nd provide an avenue for potential therapeutic intervention. 

ysregulated intestinal microbiota facilitates 

ntestinal inflammation in IBD 

ignificant alterations in the composition and functionality of the
ut microbiota are present in IBD patients. An upsurge in Bac-
eroidaceae [ 54 ] and Enterobacteriaceae families has been observed
n an experimental colitis model in mice, linked with an increase
n intestinal formic acid [ 55 ]. Such dysbiosis aggravates the in-
ammatory processes, highlighting a vicious c ycle betw een the

ntestinal microbiota imbalance and intestinal inflammation. 
Further studies have underscored the intricate relationship be-

ween microbiota dysfunction and intestinal inflammation. For
xample, mice deficient in caspase recruitment domain family
ember 9 ( CARD9 ) exhibit altered tryptophan metabolism by the

ut microbiota, leading to a decrease in IL-22 production and a
eightened vulnerability to colitis [ 56 ], suggesting that the intesti-
al microbial metabolite activities are crucial for modulating the

mm une r esponse and maintaining mucosal integrity. Addition-
lly, experiments involving Lactobacillus strains capable of metab-
lizing tryptophan have shown promising results in mitigating

ntestinal inflammation, thus underscoring the potential thera-
eutic benefits of modulating the intestinal microbial metabolism
 57 ]. Mor eov er, the r ole of specific micr obial metabolites, suc h as
utyr ate pr oduced by Clostridium str ains, has been highlighted in
ontrolling intestinal mucosal inflammation. In line with this, lim-
ting the beneficial microbes exacerbates intestinal inflammation,
hereas supplementation of the gut with butyr ate-pr oducing pr o-
iotics has shown efficacy in alleviating colitis symptoms, indicat-
ng that strategic manipulation of the gut microbiota to enhance
he presence of beneficial metabolite-producing microbes could
ffer a novel approach to managing IBD [ 58 ]. 

Regulating the intestinal microbiota of IBD patients appears
o dir ectl y impact the degree of intestinal inflammation. When
 large number of bacteria invade the gut mucosa, neutrophils
igrate into the intestinal epithelial area to clear bacterial in-

ection. Ho w e v er, dysfunctional r egulation of neutr ophils in m u-
osal homeostasis not onl y pr omotes susceptibility to intestinal
pithelial damage ( e.g. cryptitis and crypt abscess ) , but also af-
ects intestinal inflammation [ 59 ]. Enterobacteriaceae is found to
e increased in the intestines of early CD patients, and elimi-
ation of these bacteria from the intestines has been shown to
educe the degree of mucosal inflammation [ 60 ]. A decrease in
he abundance of intestinal F. prausnitzii , an anti-inflammatory
acterium, in patients with CD has been linked to a higher risk
f r ecurr ent inflammation [ 61 ]. The supernatants of F. prausnitzii
ave been observed to downregulate nuclear factor ( NF ) - κB ac-
ivity [ 62 ], and stimulation of peripheral blood mononuclear cells
y F. prausnitzii in vitro significantl y r educes the production of IL-
2 and interferon- γ , but facilitates IL-10 pr oduction [ 61 ]. Notabl y,
r al administr ation of F. prausnitzii or its supernatants to mice
ignificantl y r educes the se v erity of colitis and tends to correct
olitis-r elated dysbiosis. Mor eov er, a pr e vious study has shown
hat the supernatant of F. prausnitzii culture also produces a micro-
ial anti-inflammatory molecule ( MAM ) , which is a seven peptide
nti-inflammatory that significantly reduces the activation of the
F- κB pathway . Consistently , the delivery of the MAM plasmid by

actobacillus has been demonstrated to markedly reduce experi-
ental intestinal inflammation in mice [ 62 ]. These data indicate

. prausnitzii as a potential treatment option in IBD. 

ysbiosis of the intestinal microbiota contributes
o disease progression by promoting creeping fat 
ormation in CD patients 

 pr e vious study highlighted an intriguing aspect of CD pathol-
gy: the formation of creeping fat in the mesenteric adipose
issue ( MAT ) surrounding the intestine [ 63 ]. This phenomenon
s closely linked to the altered interactions between the host
nd its intestinal microbiota, along with defects in the intestinal
pithelial barrier functions, which facilitates the translocation of
he gut microbes into MAT [ 64 ]. The mesentery, which connects
he intestine to the abdominal wall and supports its blood and
 ymphatic suppl y, becomes encased in the cr eeping fat. Initiall y,
his fat h ypertroph y plays a protective role in alleviating in-
estinal damage and preventing the systemic dissemination of
acterial antigens [ 65 ]. Ho w e v er, the dual natur e of the cr eeping
at in CD patients presents a complex scenario. It could mitigate
he spread of inflammation and bacteria initially, whereas pro-
onged accumulation of the creeping fat detrimentally affects
he intestinal wall and nearby normal tissues [ 65 ]. Accordingly,
he adipose tissue in CD patients is not just a passive fat deposit
ut is activ el y involv ed in the imm une r esponse, and is enric hed
ith activ ated imm une cells like T cells , B cells , neutrophils , and
acr opha ges. Micr obial tr anslocation ( e.g. Clostridium innocuum )

rompts significant pathological changes in the mesentery,
eading to tissue remodeling and fibrosis via macr opha ge
ctivation [ 65 , 66 ]. 

This aspect of CD underlines the intricate relationships be-
ween the gut microbiota dynamics, immune responses, and the
athological changes in intestinal and adjacent tissues. Under-
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standing the mechanisms underlying creeping fat formation and 

its effects on disease pr ogr ession will open new avenues for po- 
tential target therapies in CD, focusing on restoring the balance of 
the intestinal microbiota and reinforcing intestinal barrier func- 
tions. 

Oral microbiota translocation and transintestinal 
migr a tion affect intestinal homeostasis 

The intricate connection between the or al micr obiota and IBD 

highlights the complex interplay between different microbial 
communities within the human body. The oral microbiota, rank- 
ing second in abundance only to the gut microbiota, exerts a pro- 
found influence on ov er all health and has been linked to the de- 
v elopment of IBD [ 67 ]. Alter ations in or al micr obial composition,
often resulting from conditions like periodontitis , ha ve been as- 
sociated with the pathogenesis of IBD. Studies have shown that 
periodontitis participates in the pathogenesis of colitis through 

the sw allo wing of salivary microbiota [ 68 ]. Previous studies have 
demonstrated that periodontitis exacerbates experimental colitis 
by intr oducing or al pathogens, suc h as Klebsiella and Enterobacteri- 
aceae , into the gastrointestinal tract, where they incite gut inflam- 
mation [ 69 , 70 ]. Mor eov er, the migr ation of T h17 cells , activated 

in response to oral pathogens, to the gut further underscores the 
systemic impact of oral microbial imbalances on intestinal health 

[ 70 ]. P orph yromonas gingivalis , a notable periodontal pathogen, has 
been implicated in altering the gut’s microbial landscape and im- 
m une balance, specificall y the Th17/Tr eg cell r atio, ther eby a ggr a- 
vating intestinal inflammation [ 71 ]. 

Se v er al studies hav e r e v ealed the host–micr obe inter actions 
acr oss m ultiple tissues in CD patients based on spatial omics 
analysis. Hazardous conditions such as intestinal inflammation, 
tr ansm ur al inflammation, and impaired intestinal vascular bar- 
rier integrity may promote bacterial dissemination to intestinal 
and external tissues, accompanied by immune cell activation, 
and further contribute to the onset and persistence of intesti- 
nal inflammation [ 72 , 73 ]. These data suggest that host microbes 
not only affect the intestinal mucosa, but also participate in 

the extr aintestinal pr ogr ession of inflammation by affecting MAT,
mesentery, and mesenteric lymph nodes. 

The evidence mentioned above underscores the importance of 
both local and distant micr obial comm unities in the etiology and 

pathology of IBD, suggesting a br oader ther a peutic perspectiv e 
that manages oral health to maintain intestinal homeostasis and 

pr e v ent disease exacerbation. 

Intestinal microbiota in the precision 

diagnosis and treatment of IBD 

Intestinal microbiota and metabolites are used 

for precision diagnosis of IBD 

Advances in understanding the intestinal microbiota and metabo- 
lites offer ne w av enues for the pr ecision dia gnosis and treat- 
ment of IBD. Notably, the genetic signatures of fecal microbes 
fr om CD patients ar e pr omising as non-inv asiv e biomarkers [ 74 ].
One pi votal stud y anal yzed fecal samples fr om 1418 CD patients 
and healthy individuals acr oss m ultiple cohorts and demon- 
strated the utility of microbial genes in the precision diagnosis,
ac hie ving a high accuracy in distinguishing CD from other con- 
ditions. Specificall y, the phosphotr ansfer ase system, particularl y 
the celB and manY genes, has emerged as a significant contribu- 
tor to diagnostic performance, thus underscoring the potential of 
hese microbial genes as reliable , non-in vasive diagnostic tools for
D [ 75 ]. 

Mor eov er, anal ysis of bacterial profiles in fecal samples has
hown significant potential for differential diagnosis. A multina- 
ional study involving 2045 stool samples identified distinct mi- 
robial patterns in CD patients, characterized by reduced diversity 
nd stability. This study identified that eight micr oor ganisms can
e used to discriminate CD patients from other diseases. Another
tudy sho w ed that a mac hine-learning pr edictiv e model, de v el-
ped from fecal microbiota analysis, can effectively diagnose and 

lassify UC and CD [ 76 ], highlighting the diagnostic potential of
ecal bacterial analysis in clinical practice [ 77 ]. 

Additionall y, the discov ery of anti-par atuber culosis-nocar dia
olype ptide antibod y as a biomark er opens new doors for assess-

ng CD se v erity and acti vity. This antibod y, pr oduced in r esponse to
ycobacterium avium subsp. paratuberculosis infection, has shown 

xcellent pr edictiv e v alue for activ e CD, further illustrating the
ur geoning r ole of micr obial and imm une markers in dia gnosing
nd understanding IBD [ 78 ]. 

Bile acids, regulated by the intestinal microbiota, have an ex- 
ellent diagnostic efficacy in stratifying IBD activity. The ratio of
erum primary to secondary bile acids was found to be an ideal
ndex for stratifying IBD activity [ 79 ]. These data suggest that mi-
robial metabolites ( e.g. bile acids ) can be used for the differential
iagnosis of IBD. 

The heterogeneity of the host genes and gut microbiota in the
opulation leads to the heterogeneity of the host–microbiota in- 
er action. Curr ent pr ogr ess on host genomics , epigenomics , mi-
robiome , metabolomics , and other omics of IBD, is expected to
eepen the understanding of IBD disease c har acteristics in differ-
nt cohorts [ 80 ] and ac hie v e pr ecision and personalized medicine
n IBD. These insights into the microbial and metabolic underpin-
ings of IBD not only enhance diagnostic accuracy but also pave
he way for personalized treatment approaches, leveraging the 
nique microbial signatures of individuals to tailor interventions 
 Fig. 2 ) . 

ntestinal microbiota predicts post-oper a ti v e 

ccurrence of IBD 

he pr edictiv e po w er of the intestinal microbiota extends to
or ecasting sur gical outcomes in IBD tr eatment. For UC patients
ndergoing colectomy with ileal pouch–anal anastomosis, preop- 
r ativ e fecal bacterial profiles have been linked to postoper ativ e
omplications like pouchitis. Specific bacterial shifts, an increase 
n pathogens like R. gnavus , and a decrease in beneficial microbes
uch as those from the Lachnospiraceae family, have emerged 

s potential indicators of post-surgical prognosis, offering a 
ew method to assess the risk of postoper ativ e complications
 81 ]. 

Mor eov er, the r ecurr ence of CD after ileocolonic r esection can
e anticipated by anal yzing micr obial patterns in the small intes-
ine and at the anastomosis site. Pr e vious studies hav e identified
istinct microbial compositions associated with either recurrence 
r sustained remission, pointing to the role of specific microbes
ike F. prausnitzii in potentially protecting against mucosal inflam- 

ation r ecurr ence [ 82 ]. 
These insights into the diagnostic and prognostic capabilities 

f the intestinal micr obiota underscor e their potential as a tool in
ana ging IBD mor e effectiv el y. By pr edicting sur gical outcomes,

linicians can tailor treatment plans more accurately, enhancing 
atient care and optimizing treatment efficacy. 
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Figure 2. Intestinal microbiota and metabolites have multiple applications in IBD, including precision diagnosis, prediction of post-surgical occurrence 
and treatment outcome, and effective therapeutic strategies . F eces is a commonly used test sample, and bacteria and bacterial genes in feces are 
potential biomarkers for IBD. 
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ntestinal microbiota predicts the therapeutic 

utcome in IBD 

he intestinal microbiota and metabolites hold promise in pre-
icting responses to biotherapy for IBD. With fecal microbiota
erving as a mirror to the gut’s microbial ecosystem, an analysis
an inform on the likely success of biological treatments [ 83 ]. 

The c har acteristics of the fecal micr obiota in IBD patients at
aseline have the potential to predict multi-level treatment ef-
ects [ 84 ]. A mor e div erse intestinal micr obiota at baseline may
ndicate a more abundant anti-inflammatory microbiome, and
hat micr obial div ersity at baseline may pr edict tr eatment out-
omes [ 85 ]. A good anti-inflammatory effect is more likely to be
c hie v ed when SCFA-pr oducing bacteria ar e abundant. In addi-
ion, micr oor ganisms that cause succinate accumulation are of-
en associated with alleviating intestinal inflammation [ 86 ]. Some
ecal bacteria and metabolites may predict the outcome of IFX
her a py in pediatric CD patients. A m ulti-omics anal ysis of stool
amples from 49 children with CD and healthy controls sho w ed
hat the disease se v erity of CD and the outcome of IFX treat-

ent are correlated with the abundance of certain intestinal bac-
eria and the le v els of metabolites. Methylobacterium , Sphingomonas ,
taph ylococcus , and Streptococcus w ere abundant in the intestines of
ediatric CD patients who ac hie v ed sustained remission after IFX
reatment. At the same time, pediatric CD patients who ac hie v ed
ustained remission after IFX treatment had higher concentra-
ions of amino acids and butyrate in fecal samples [ 87 ]. These
lterations in feces may be potential prognostic biomarkers in pe-
iatric CD patients. 

Fecal microbiota may also predict the efficacy of anti-TNF an-
ibody [i.e. adalimumab ( ADA ) ] in CD. Increased protective micro-
iota ( such as Barnesiella , Anaerostipes , Tyzzerella , Lachnoclostridium )
nd decreased pathogenic bacteria ( E. coli-Shigella ) were observed
n ADA-r esponsiv e fecal samples. Mor eov er, the gene bgIX , encod-
ng b-glucosidase, and the gene gph , encoding phosphoglycolate
hosphatase, were also enriched in fecal samples from the ADA-
 esponsiv e gr oup. Ho w e v er , the abundance of genes encoding A TP-
inding cassette was significantl y incr eased in fecal samples from
he ADA non-r esponsiv e gr oup [ 88 ]. 
Alteration in the intestinal microbiota is observed in UC
atients in response to treatment with steroids and biological
gents, indicating the potential for gut microbiota profiling to
r edict UC tr eatment outcomes. Responders to ster oid ther a py
xhibit changes in β-diversity and enrichment of beneficial
acteria, including Blautia , Anaerostipes , and Bifidobacterium , com-
ared to non-responders [ 89 ]. In UC patients receiving anti- α4 β7
onoclonal antibody ( mAb ) ( i.e. v edolizumab ) , r esponders at

4 w eeks sho w increased abundances of an unannotated genus
rom the Barnesiellaceae family, whereas non-responders at 14
eeks ar e mor e associated with Collinsella . Mor eov er, the genus

c_115 from the Erysipelotrichaceae family was more prevalent in
on-responders at 52 weeks [ 90 ]. 

Taken together, these a ppr oac hes hav e r e v ealed that micr obial
omposition and metabolic activity are significantly correlated
ith ther a peutic outcomes , pa ving the wa y for personalized treat-
ent strategies based on an individual’s microbiota profile. 

djustment of the intestinal microbiota is used 

n the clinical treatment of IBD 

odulation of the gut micr obiota pr esents a pr omising ther a peu-
ic avenue in treating IBD, as reflected in the beneficial effects
f pr obiotics. Commonl y used str ains in the probiotic industry,
ncluding Lactobacillus , Bifidobacterium , Lactococcus , Streptococcus
hermophilus , E. coli Nissle 1917, and Sacc harom yces boulardii , hav e
hown potential in maintaining gut health. Specifically, Bacillus
oagulans BC198 has demonstrated its ability to fortify intestinal
arrier functions, mitigate inflammatory cell infiltration in the
olon, and rebalance the gut microbiota, marking it as a viable
robiotic candidate for the management of IBD [ 91 ]. The efficacy
f probiotics is attributed to their multifaceted roles in immune
odulation, str ess r esistance, pathogen inhibition, micr obiota

djustment, and bolstering the intestinal epithelial barrier, mak-
ng them effective in both inducing and maintaining remission in
BD. Pr obiotics hav e been used in many intestinal disorders, such
s irritable bo w el syndr ome [ 92 ], and hav e also shown promise in
he treatment of IBD patients [ 93 ]. The utilization of probiotics,
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prebiotics, and synbiotics has been demonstrated to be effective 
in inducing and maintaining remission in IBD and decreasing 
the UC disease activity index [ 94 ]. Intestinal micr obiota-deriv ed 

extr acellular v esicles ar e thought to play a k e y role in bacteria–
host communication [ 95 ], and extracellular vesicles derived from 

probiotic Clostridium butyricum have been proven to protect the 
intestinal barrier function in UC [ 96 ]. In addition, probiotic agents,
suc h as par a pr obiotics ( inactiv ated bacteria or their components ) 
and postprobiotics ( bacterial metabolites or equivalent synthetic 
pr oducts ) , ar e easier to store and manufacture, and cause fewer 
side effects, making them a potential adjunctive treatment 
modality [ 97 ]. 

Innov ations in micr obial engineering hav e expanded the 
ther a peutic potential of micr oor ganisms [ 98 ]. For instance, ge- 
neticall y modifying Sacc harom yces cerevisiae to pr oduce butyr ate 
has resulted in increased intestinal levels of this beneficial 
metabolite, offering promise in both clinical and preclinical 
settings [ 99 ]. Furthermore , artificial-enzyme-modified B . longum 

has been de v eloped to enhance antioxidant activity within the 
gut, showcasing the ability to modulate the immune system and 

reduce inflammation in IBD models [ 100 ]. In another study, an 

or al pr obiotic E. coli Nissle 1917 was geneticall y engineer ed to 
ov er expr ess catalase and superoxide dismutase for the treatment 
of intestinal inflammation [ 101 ]. 

FMT r epr esents another fr ontier in IBD tr eatment. By tr ans- 
ferring fecal microbiota from healthy donors to patients, FMT 

aims at restoring a healthy gut microbial balance, thus offering 
a nov el ther a peutic str ategy that has alr eady pr ov en successful 
in tr eating r ecurr ent Clostridium difficile infections with high cure 
r ates [ 7 ]. Se v er al lines of e vidence hav e demonstr ated the effi- 
cacy of FMT in the treatment of IBD, especially UC, inducing sig- 
nificant remissions and improving the intestinal microbial diver- 
sity of patients. A recent study has found that its preparation 

method may be related to treatment outcomes , e .g. frozen FMT 

samples or washed micr obiota tr ansplantation ma y ha ve better 
efficacy or safety [ 102 ], which requires further investigation. As 
a new treatment modality, more randomized, double-blind clin- 
ical trials should be conducted in the future to establish clear 
indications and treatment options for FMT in IBD. The poten- 
tial of FMT in IBD treatment lies in its capacity to modify the 
gut ecosystem favor abl y, demonstr ating the critical role of host–
micr obiota inter actions in mana ging the disease and ac hie ving 
remission. 

Nutritional intervention can regulate the intestinal microbiota 
and is a common adjuv ant tr eatment str ategy for IBD [ 103 ]. Se v- 
eral nutritional interventions, including enteral nutrition and di- 
etary contr ol, significantl y affect the intestinal microbiota, thus 
pr omoting clinical r emission and m ucosal healing [ 104 ]. Notabl y,
other dietary interventions, including a specific carbohydrate diet, 
a mediterranean diet, and a low-fat diet, also affect the intestinal 
microbiota, disease activity, and gastrointestinal symptoms in IBD 

[ 105 ]. These emer ging ther a peutic a ppr oac hes underscor e the sig- 
nificant impact of gut microbiota modulation on treatment strate- 
gies for IBD, offering a new horizon for patient car e thr ough the 
r estor ation of microbial balance and function. 

Conclusions 

The intestinal microbiota plays an important role in the physi- 
ological regulation of intestinal mucosal homeostasis, and alter- 
ations in the intestinal micr obiota ar e involv ed in the pathogene- 
sis of IBD. Study of the intestinal microbiota and metabolites helps 
us elucidate the pathogenesis of IBD and has the potential to be 
pplied in the precision diagnosis , prognosis , and drug efficacy
 v aluation of IBD. By adjusting the intestinal microbiota, selecting
pecific micr oor ganisms, or FMT, the intestinal flora can be used
n the clinical treatment of IBD. 

Despite r emarkable pr ogr ess in the field of IBD micr obiol-
gy, many issues remain to be resolved before precision micro-
ial diagnosis and treatment can be achieved. Evidence for mi-
r obial ther a pies suc h as pr obiotics and FMT is insufficient, so
or e pr ospectiv e studies ar e warr anted in the futur e, along with

urther discovery of microbial predictors to identify appropriate 
reatment populations. It is also necessary to combine multi- 
mics analysis to develop precision and personalized microbial 
edicine for IBD. In addition, if micr obial ther a py is to be at-

empted in clinical application in the future, it is essential to opti-
ize the composition, dosage form, and administr ation r egimen

f micr obial a gents. While the intestinal micr obiota is a promising
iagnostic and therapeutic target for IBD, its clinical application 

emains a long-term goal. 
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