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Abstract

Background Crohn’s disease (CD) is a chronic, nonspecific inflammatory bowel disease with a poor prognosis. Despite its
increasing incidence, curing CD remains challenging due to its complex etiology and unclear pathogenesis.

Methods A comprehensive PubMed and Web of Science search was conducted using the keywords Crohn’s disease, gut
microbiota, dysbiosis, pathogenesis and treatment, focusing on studies published between 2014 and 2024.

Results Recent studies have demonstrated a close relationship between gut microbiota dysbiosis and the development of CD.
Although many dysbioses associated with CD have not yet been proven to be causal or consequential, it has been observed that the
gut microbiota in CD patients exhibits reduced diversity, a decrease in beneficial bacteria, and an increase in pathogenic bacteria.
These changes may lead to decreased intestinal barrier function, abnormal immune responses, and enhanced inflammatory reactions,
which are related to the disease’s activity, phenotype, drug treatment efficacy, and postoperative therapeutic outcomes. Therefore,
further exploration of the microbiota-host interactions and the pathogenesis of CD, the identification of biomarkers, and the devel-
opment of targeted strategies for modulating the gut microbiota could offer new avenues for the prevention and treatment of CD.
Conclusions This review highlights the pivotal role of gut microbiota dysbiosis in driving CD pathogenesis and its pro-
gression, while underscoring its potential as a therapeutic target through dietary modulation, microbial interventions, and
integrative strategies to improve clinical management and prognostic outcomes.
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Introduction granulomatous inflammation, and fistula formation [1, 2].

CD’s incidence and prevalence are increasing globally, par-

Crohn’s disease (CD) is a non-specific chronic inflamma-
tory bowel disease (IBD), primarily affecting the ileum and
colon, though it may involve the entire digestive tract. It is
characterized by discontinuous distribution, fully stratified

P< Qi Jiang
Jiangqigua@ 163.com; fyyjiangqi @nbu.edu.cn

P4 Wei Liang

fyyliangwei@nbu.edu.cn; hslwys@163.com

Department of Clinical Laboratory, The First Affiliated
Hospital of Ningbo University, Ningbo, China

Health Science Center, Ningbo University, Ningbo, China

Department of Gastroenterology, The First Affiliated
Hospital of Ningbo University, Ningbo, China

Laboratory Medical School, Bengbu Medical University,
Bengbu, China

Published online: 28 May 2025

ticularly in Asia and other developing countries like China
[3, 4]. Its clinical manifestations are varied and can include
abdominal pain, often nighttime diarrhea with blood and
mucus, weight loss, fever, intestinal obstruction, perianal
complications, anemia, and elevated inflammatory mark-
ers in lab tests [5, 6]. The disease course typically alternates
between periods of recurrence and remission [5]. Despite
medical advances, approximately 60-70% of CD patients
undergo at least one surgical resection during their disease
course, with 15% of cases attributed to medication non-
response[7, 8]. These interventions carry a significant risk
of postoperative recurrence and impose a considerable bur-
den on patients’ quality of life and socio-economic status
[9]. The challenges in clinical diagnosis and treatment of CD
are exacerbated by its unclear pathogenesis, complex clinical
presentations, and significant inter-individual variability [4].
Consequently, unraveling the pathogenesis of CD, identifying
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biomarkers for early diagnosis and prognosis, and developing
new effective treatments are of paramount importance.

The pathogenesis of CD is complex, primarily influenced
by the interaction between genetic factors and gut micro-
biota, which impacts the immune response [10]. Over the
past two decades, gut microbiota has emerged as a pivotal
factor in CD pathogenesis. It consists of more than 100 tril-
lion microorganisms, including bacteria, fungi, viruses, and
archaea [11], with bacteria being the predominant group. In
healthy individuals, approximately 160 key bacterial species
colonize the gut, over 90% of which belong to the phyla Fir-
micutes, Bacteroidetes, Proteobacteria, and Actinobacteriota
[11, 12]. Among these, Firmicutes and Bacteroidetes are
the most prevalent in healthy adults [12]. Typically, there
is a dynamic equilibrium between the gut microbiota and
the host, which supports intestinal barrier integrity, immune
homeostasis, and metabolic regulation [13]. However,
this balance is disturbed in CD patients. Next-generation
sequencing (NGS) technologies have unveiled alterations in
the composition, abundance, and function of gut microbiota
in CD, leading to a state known as gut microbial dysbiosis
[14]. This dysbiosis not only compromises the host’s defense
against external pathogens but also significantly contributes
to the onset and progression of CD by generating metabolites
or triggering the production of pro-inflammatory cytokines
by the host. Despite these insights, the exact mechanisms by
which dysbiosis in the gut microbiota initiates CD remain
elusive, and it is still debated whether dysbiosis is a cause
or a consequence of the disease [15].

In recent years, advancements in high-throughput
sequencing technology and bioinformatics analysis meth-
ods have enabled a deeper investigation into the correlation
and mechanisms linking gut bacterial dysbiosis with dis-
ease progression, prognosis, and other aspects in patients
with CD. Consequently, this review primarily focuses on
bacterial components, aiming to elucidate the fundamental
mechanisms and potential connections between gut bacterial
dysbiosis and the onset and progression of CD. Additionally,
it acknowledges that other components of the gut microbiota,
including fungi, viruses, and archaea, also exhibit dysregu-
lation in CD, indicating the complex interplay within the
gut ecosystem. Lastly, the review highlights the latest devel-
opments in targeted gut microbiota interventions aimed at
preventing and treating CD, demonstrating the potential for
microbiome-based strategies to alleviate the condition.

Dysbiosis of the gut microbiota in patients
with Crohn’s disease

Evidence suggests that gut microbial dysbiosis plays a sig-

nificant role in the development of CD. Numerous studies
have recruited patients and utilized cohort analysis to identify
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differences in their gut microbiota compared to healthy control
groups. While germ-free (GF) mice exhibit lower susceptibil-
ity to colitis, fecal microbiota transplantation (FMT) from CD
patients into GF mice successfully recapitulates disease phe-
notypes, highlighting the pathogenic potential of CD-associ-
ated microbial configurations. Moreover, mouse models have
shown that colonization by CD-related bacterial strains can
induce intestinal inflammation in genetically susceptible mice
[11, 16]. Lloyd Price et al. [17] conducted colon biopsy, blood,
and fecal sample analysis on 132 patients with IBD, including
CD patients and control group participants. They discovered
that samples from IBD patients, particularly those with CD,
exhibited lower a diversity. Notably, about one-third of CD
patients displayed an increased abundance of mucosa-associ-
ated adherent bacteria [5]. While numerous studies have identi-
fied microbial species varying in abundance in CD patients, the
presence, absence, or varying levels of many microbial species
complicate the identification of common patterns. Phylogenetic
analysis of species associations identified in metagenomic stud-
ies revealed that the phylum Proteobacteria is typically more
abundant in CD, whereas Actinobacteria and Bacteroidetes tend
to decrease. The phylum Firmicutes showed both increases and
decreases in species numbers, especially among bacteria from
the Clostridium clusters XIVa and IV [5, 18].

Bacteria

Gevers D. et al. [19] employed 16S rRNA sequencing and
MaAsLin analysis to study the gut microbiome of CD
patients, revealing significant alterations compared to a
control group. They discovered an increased abundance of
Enterobacteriaceae, Veillonellaceae, and Fusobacteriaceae
in CD patients’ gut microbiomes, while the levels of Bac-
teroides, Roseburia, and Faecalibacterium were notably
lower. Notably, Fusobacterium has been identified as one
of the most valuable biological diagnostic biomarkers for
CD [20]. Further research indicates stark differences in the
gut microbiome of IBD patients, including those with CD,
compared to healthy individuals. These differences include
a decreased abundance of Bifidobacterium, Bacillus, and
Faecalibacterium, alongside an overall reduction in micro-
bial diversity. While the abundance of most gut bacteria
decreases in CD patients, the populations of Ruminococ-
cus, Shigella, and Escherichia genera are on the rise [21].
Metagenomic sequencing of fecal samples from CD
patients has shown a reduction in both the abundance and
diversity of strains like Faecalibacterium prausnitzii (F.
prausnitzii) and Roseburia intestinalis (R. intestinalis) [22],
key species known for their beneficial roles in the gut. F.
prausnitzii is one of the most abundant bacterial species in
the intestine [23]. There is a significant correlation between
the IBD genetic risk score and reduced R. intestinalis in
healthy controls [24]. Additionally, a reduced abundance
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of Akkermansia muciniphila (A. muciniphila) has been
observed in CD patients [25], while familial CD cases show
adecrease in Parabacteroides numbers [26]. A crucial aspect
of CD pathogenesis is gut microbiota dysbiosis, transforming
originally harmless or beneficial bacteria into opportunistic
pathogens, leading to intestinal inflammation and damage.
Various opportunistic pathogenic microorganisms found in
CD patients include Escherichia coli (E. coli), Ruminococ-
cus gnavus (R. gnavus), and Bacteroides [18, 27, 28]. The
transition of gut microbiota from symbiosis to pathogenicity is
evident, with an increase in adhesive-invasive E. coli (AIEC)
observed in the mucosa of IBD patients [29]. Concurrently, an
increase in Escherichia-Shigella and a decrease in short-chain
fatty acids (SCFAs) producing bacteria are common in CD
patients’ microbial communities [30]. Proteus, especially Pro-
teus mirabilis, is more prevalent and abundant in CD patients
[31]. Clostridioides difficile also shows higher abundance in
the CD group [32]. Research indicates Pseudomonas is more
common in biopsy specimens from CD patients compared to
non-IBD individuals [33]. R. gnavus, a gas-resistant special-
ized anaerobe, dominates the gut in about 25% of CD patients
[18], yet its role in CD pathogenesis remains unclear [34].
Bacteroides, typically symbiotic, can also produce toxins or
antibiotic-resistance genes, potentially increasing infection
risk with other pathogenic bacteria [18]. The growth rate and
abundance of Bacteroides fragilis (B. fragilis) are elevated
in CD patients [18, 35]. Moreover, an increase in Listeria
monocytogenes (LM) prevalence in IBD patients [36] is asso-
ciated with a higher incidence rate of LM bacteremia [37].
Non-Helicobacter pylori species are also associated with IBD,
particularly with the presence of enterohepatic Helicobacter
species in CD [38]. Enterohepatic Helicobacter, including
Helicobacter hepaticus and Helicobacter bilis, can induce
IBD-like diseases in mice [39]. Multiple live bacteria have
been isolated from the mesenteric adipose tissue (MAT) of
CD patients, with Clostridium innocuum (C. innocuum) being
the most prevalent [40]. Furthermore, Atopobium parvulum
(A. parvulum), a hydrogen sulfide (H,S) producing bacterium,
is associated with colitis in genetically susceptible mice, and
its elimination can mitigate the disease [41, 42].

Fungi

The increasing focus on the role of gut fungi in the pathogene-
sis of CD highlights a complex interplay within the gut micro-
biota that extends beyond bacteria. These fungi can influence
the host’s health either directly or indirectly by impacting
the gut microbiota, including bacteriophages. Interestingly,
research indicates that in CD patients’ ileums, fungi popula-
tions increase at the bacteria’s expense, suggesting a shift in
microbial balance. This contrasts with patients with ulcera-
tive colitis (UC) and those CD patients whose ileum is not
affected, who instead display a reduction in fungal diversity

[43]. Comparative studies between CD patients and healthy
controls reveal a notable shift in fungal composition: an
increase in the Basidiomycota to Ascomycota ratio, a decrease
in Saccharomyces cerevisiae and Malassezia sympodialis (M.
sympodialis), and an increase in Candida albicans [43]. Nota-
bly, Malassezia restricta, primarily found on human skin, is
also enriched in the colon mucosa of CD patients, suggesting
its involvement in CD pathogenesis [18, 44]. Similarly, Can-
dida tropicalis, a pathogenic fungus identified in the intestines
of mice, underscores the potential cross-species relevance of
fungal pathogens in CD [45, 46]. However, the classification
of Debaryomyces hansenii (D. hansenii) as a CD pathogen
remains contentious, reflecting ongoing debates within the
scientific community regarding its role [47].

Viruses

The exploration of viral groups in the context of CD is still
in its infancy, with limited information available on their pre-
cise role. Viral communities within the gut can significantly
impact the bacterial microbiome and its diversity, primarily
because viruses often drive bacterial resistance mechanisms.
One way they do this is by facilitating the horizontal trans-
fer of genetic material among bacterial communities, poten-
tially altering the balance of different microbial ecosystems.
Notably, specific alterations in the viral composition of CD
patients have been identified, such as the loss of “core bacte-
riophages” and an increase in the abundance of Caudovirales
bacteriophages [48, 49]. Additionally, features associated
with CD include the presence of infections by Alteromonas
macleodii and Clostridiales, alongside an increased number
of bacteriophages [50]. Caudovirales phage sequences have
also been detected in the intestinal lavage and biopsy tissues
of pediatric CD patients in Australia, indicating their rel-
evance across different populations [51]. In mouse models of
colitis, an increase in the abundance of Caudovirales virus
phage families, including Siphoviridae, Myoviridae, and
Podoviridae, has been observed in the intestines [52]. While
the exact contribution of viral groups to CD pathogenesis
remains to be fully elucidated, the available evidence sug-
gests a potential role in promoting intestinal inflammation.

Archaea

Archaea are single-celled prokaryotic organisms that form
a distinct domain known as Archaea [53]. Despite the bur-
geoning interest in the human gut microbiome, our under-
standing of gut archaea remains nascent, largely due to
methodological approaches that have traditionally focused
on symbiotic bacteria. Methanogens, methane-producing
archaea, are the most prevalent archaea in the human intes-
tine, constituting about 10% of the intestinal anaerobic bac-
terial population. Methanobrevibacter smithii (M. smithii) is
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the most common methanogen found [54-56]. Notably, the
occurrence of M. smithii in fecal samples from patients with
IBD is significantly reduced compared to healthy controls
[54]. Conversely, the presence of Methanosphaera stadtma-
nae is substantially higher in IBD patients, showing at least
a threefold increase [57]. This emerging evidence suggests a
complex relationship between archaea and CD, underscoring
the need for further investigation into how archaea contrib-
ute to the pathogenesis and progression of CD, including
their specific mechanisms of action. The predominant gut
microbiota in patients with Crohn’s disease includes bacte-
ria, fungi, viruses, and archaea in Table 1.

Role of the gut microbiota in CD

Relationship between gut microbiota dysbiosis
and intestinal mucosal barrier

The intestinal mucus layer is pivotal for maintaining a sym-
biotic relationship between the host and its gut microbiota,
serving as both a spatial barrier and a selective filter that
promotes crucial host-microbe interactions. Significant

disparities between the gut mucosal microbiome and the
fecal microbiome underscore its importance in the patho-
genesis and diagnosis of CD [19]. A reduction in the abun-
dance of Bacteroidetes and Firmicutes, key producers of
SCFAs, may negatively affect intestinal health [22]. SCFAs,
including acetate, propionate, and butyrate, are vital energy
sources for colon mucosal cells and play roles in enhancing
tight junction integrity and improving intestinal permeability
[58, 59]. Certain strains, like F. prausnitzii and R. intesti-
nalis, may mitigate inflammation by modulating the intesti-
nal inflammatory response [60]. A. muciniphila enhances the
intestinal barrier through interaction with toll-like receptor 2
(TLR2) via the Amuc_1100 protein [61]. AIEC can infiltrate
intestinal mucosal epithelial cells, contributing to CD patho-
genesis [18, 59, 62], potentially causing intestinal ulcers and
disrupting the gut microbiota balance [22]. R. gnavus may
accelerate disease progression by degrading the intestinal
mucus layer [63]. Some strains of B. fragilis, particularly
enterotoxigenic Bacteroides fragilis (ETBF), could increase
mucosal permeability [64—66]. Campylobacter concisus
(C. concisus), an adhesive and invasive bacterium, is linked
with IBD [67-72]. Certain strains have acquired the zonula
occludens toxin (Zot) gene from bacteriophages, possibly

Table 1 Altered gut microbiota Increase

Decrease

in patients with Crohn’s disease

Bacteria

Pseudomonas spp. (P)
Helicobacter spp. (P)
Campylobacter concisus (P)
Clostridioides difficile (F)
Ruminococcus gnavus (F)
Veillonellaceae (F)

Shigella spp. (P)
Adherent-invasive E. coli (AIEC) (P)

Proteus mirabilis (P)

Faecalibacterium prausnitzii (F)
Roseburia hominis (F)
Peptostreptococcaceae (F)
Christensenellaceae (F)

Clostridium clusters XIVa and IV (F)
Bacteroides spp. (B)
Bifidobacterium (A)

Akkermansia muciniphila (V)

Clostridium innocuum (F)

Streptococcus spp. (F)

Listeria monocytogenes (F)

Fusobacterium spp. (F’)
Bacteroides fragilis (B)

Atopobium parvulum (A)

Fungi

Candida albicans

Saccharomyces cerevisiae

Candida tropicalis

Clavispora lusitaniae

Malassezia restricta

Cyberlindnera jadinii

Kluyveromyces marxianus

Debaryomyces hansenii

Virus

Caudovirales bacteriophages

Caudovirales phage

Archaea

Methanosphaera stadtmanae

Methanobrevibacter

Abbreviations: P, Proteobacteria; F, Firmicutes; F’, Fusobacteria; B, Bacteroidetes; A, Actinobacteria; V,

Verrucomicrobia
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triggering IBD relapses by enhancing intestinal membrane
permeability [73, 74]. The Saccharomyces cerevisiae CNCM
[-3856 shows promise in reducing AIEC-induced ileocolitis
in mice by blocking AIEC adhesion to intestinal cells and
restoring barrier functionality [75, 76]. D. hansenii prompts
macrophage release of interferon-f3 (IFN-f) and C—C motif
chemokine ligand 5 (CCLS5), impairing intestinal mucosal
healing in colitis models [77].

Relationship between gut microbiota dysbiosis
and immune response

In the lamina propria and epithelium, immune cells collabo-
rate to respond to microbial stimuli. In CD, dysbiosis shifts
the environment towards pro-inflammation, characterized by
an increase in T helper cell 1 (Thl) and Th17 populations
[5], and a noted dysfunction in intestinal regulatory T cells
(Tregs) activity [5]. The interleukin-10 (IL-10) family plays
a significant anti-inflammatory role in modulating intestinal
inflammation. Certain species from Clostridium clusters IV,
XIVa, and XVIII promote Tregs differentiation, contribut-
ing to immune tolerance [78, 79]. Butyrate, a SCFA, exerts
anti-inflammatory effects by inhibiting IL-6, reducing tumor
necrosis factor a (TNF-a) release induced by lipopolysac-
charides (LPS) and blocking the TNF-a-activated nuclear
factor kappa-light-chain-enhancer of activated B cells (NF-
kB) inflammatory pathway [80]. SCFA-producing bacteria
are crucial for regulating protective immunity and minimiz-
ing tissue inflammation [58, 59]. For instance, F. prausnitzii
influences peripheral blood mononuclear cells (PBMCs) to
lower IL-12 and IFN-y production while increasing IL-10
secretion, showcasing anti-inflammatory capabilities. Fur-
thermore, F. prausnitzii’s supernatant decreases IL-8 secre-
tion by Caco-2 cells [81], and a specific 15 kDa protein
produced by F. prausnitzii inhibits the NF-xB pathway, miti-
gating colitis in mice [59]. R. intestinalis also plays a role in
reducing intestinal inflammation by boosting Tregs and anti-
inflammatory cytokine expression [82]. A. muciniphila con-
tributes to immune homeostasis, including IgG production
and specific T cell responses [83]. Microbial-derived fac-
tors, like polysaccharides from Helicobacter hepaticus and
Bacteroides, induce IL-10 production while inhibiting IL-1§
generation [84]. Polysaccharide A (PSA) from Bacteroides
fragilis directs CD4*T cell development and Tregs’ anti-
inflammatory functions, relying on IL-10-producing CD4*T
cells for colitis protection [85, 86]. Furthermore, B. fragilis-
produced sphingolipids regulate natural killer T (NKT) cell
homeostasis in the intestine, preventing oxazolone-induced
colitis [87]. Bacteroides thetaiotaomicron activates TLR on
Paneth cells to regulate antimicrobial peptide expression,
influencing innate immunity [88]. C. innocuum’s evolution
has led to M2 macrophage recruitment, preventing further
gut bacteria translocation [40].

AIEC can penetrate the lamina propria and be internal-
ized by macrophages, where it replicates continuously and
secretes high levels of TNF-a, contributing to intestinal
inflammation [18, 59, 62]. Furthermore, AIEC also evades
host immune responses by inhibiting the activation of signal
transducer and activator of transcription 1 (STAT1) mediated
by IFN-y in intestinal epithelial cells (IECs), thereby prevent-
ing appropriate antibacterial responses [89]. Research from
Clardy’s lab indicates that R. gnavus can produce and release
PSA1, which prompts dendritic cells (DCs) to express TNF-o
via TLR4 activation. TNF-a is a key molecule involved in
multiple signaling pathways during the development of
IBD [90]. R. gnavus is associated with recurrent CD, poor
response to anti-TNF-« treatments, and CD relapse post-sur-
gery [18]. ETBF triggers localized colon STAT3 activation
and a Th17 immune response [64—66]. The B. fragilis toxin
(BFT) gene encodes oncotoxins that elevate IL-17 levels
in the colon [66]. Previous research links colitis in IL-10
knockout mice inoculated with Enterococcus faecalis to gene
expression changes observed in human IBD [91]. IL-1f is
suggested to facilitate Helicobacter hepaticus-mediated coli-
tis in mouse models of IBD by enhancing ILC activation and
neutrophil recruitment [84]. Helicobacter hepaticus predomi-
nantly incites inflammatory Th17 cells in IL-10-deficient ani-
mals, leading to spontaneous colitis [92]. Additionally, gene
silencing of IL-36 has been shown to alleviate Citrobacter
rodentium—induced colitis in rodents [93]. A. parvulum’s
pathogenic mechanism may involve H,S-induced disulfide
bond disruption in the mucus layer. Excessive H,S has been
linked to decreased mitochondrial detoxifying enzyme
expression in the colonic tissues of CD patients, elevated
inflammation-related gene expression in mice, and enhanced
T-cell activation in vitro [63].

Recent research has illuminated the complex interac-
tion between gut fungi and immune cells, highlighting its
significance in gastrointestinal diseases. It is noted that a
significant portion of patients, approximately 60—70%, pos-
sess antifungal antibodies in their serum, with anti-Saccha-
romyces cerevisiae antibody (ASCA) IgA being the most
prevalent [5]. This is crucial because the depletion of the
CX3XR1 gene in macrophages, observed in mouse models,
correlates with a marked reduction in antifungal antibod-
ies in patients with CD, potentially aggravating intestinal
conditions following fungal colonization [94]. Moreover,
studies, including one by Sokol, have demonstrated that
brewing yeast significantly boosts the production of the
anti-inflammatory cytokine IL-10, suggesting a protective
role against inflammation [43]. Conversely, the latest find-
ings reveal that M. sympodialis can trigger mast cells to
increase the release of cysteine leukotriene and bolster the
IgE response, contributing to pro-inflammatory effects [95].
Furthermore, Malassezia restricta has been shown to worsen
colitis in mouse models by affecting the caspase-associated
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recruitment domain 9 (CARD?9) protein mechanism [18,
44]. Candida albicans, commonly found in the intestines of
CD patients, is known to promote Th17 cell induction [96],
further implicating fungal elements in the pathogenesis of
IBD. Additionally, Methanosphaera stadtmanae is linked
to antigen-specific IgG responses in IBD patients, empha-
sizing the diverse roles of fungal communities in immune
responses [57]. These communities also engage with the
immune system via the innate immune receptor Dectin-1,
with studies showing that Candida tropicalis colonization in
SPF mice leads to more severe colitis in Dectin-1-deficient
mice compared to both non-colonized and colonized wild-
type counterparts. This body of evidence underscores the
intricate interactions between gut fungi and the immune
system, revealing potential therapeutic targets for manag-
ing gastrointestinal diseases [45, 46].

Correlation between gut microbiota dysbiosis
and laboratory inflammatory markers

To elucidate the potential involvement of gut bacteria in
CD pathogenesis, various studies have examined the links
between specific bacterial genera and key diagnostic mark-
ers. These markers often include elevated platelet counts,
increased acute phase proteins—particularly C-reactive
protein (CRP)—and the presence of anemia. One study
highlights a positive correlation between CRP and WBC
counts with the presence of Escherichia-Shigella, indicating
this genus’s possible role in elevating these inflammatory
markers. Conversely, albumin (ALB) levels exhibit a nega-
tive correlation with Veillonella, Escherichia-Shigella, and
Atlantibacter but show positive associations with Roseburia
and Lachnospira, suggesting a complex interplay between
these bacterial genera and systemic protein levels. Hemo-
globin (Hb) levels, similarly, are positively associated with
Roseburia, Agathobacter, and Lachnospira, further under-
scoring the intricate relationships between gut microbiota
and host physiology [30]. Notably, variations in Oscillospira
spp. Have been linked to changes in ESR and WBC counts,
particularly in conditions involving stenosis [96]. Spearman
correlation heatmap analyses reveal a significant negative
correlation between Roseburia and fecal calprotectin (FC),
as well as between Faecalibacterium and CRP, and Dorea
and ESR, respectively. Conversely, a significant positive cor-
relation exists between Escherichia-Shigella with CRP and
between Ruminococcus 2 with clinical symptoms, highlight-
ing the diverse impacts of gut microbiota on inflammatory
responses and CD symptoms [97]. Fecal biomarkers like FC
are increasingly used for CD screening and activity assess-
ment, with postoperative FC concentrations above 100 pg/g
indicating a high sensitivity for predicting endoscopic recur-
rence [5]. However, the microbiome risk score, while associ-
ated with CD, does not show a correlation with FC levels,
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indicating the need for a multifaceted approach to under-
standing and utilizing these biomarkers in CD management
[98]. The interplay between CD pro- and anti-inflammatory
responses mediated by the gut microbiota is shown in Fig. 1.

The association between gut microbiota
dysbiosis and the progression and prognosis
of CD

Gut microbiota dysbiosis related to CD disease
activity

Recent studies have delved into the gut microbiota’s role
in CD, uncovering distinct microbial patterns during dif-
ferent disease stages [99]. Notably, Bacteroides species
have been found to predominate during periods of remis-
sion and intermediate stages of the disease. Furthermore,
higher levels of M. Smithii have been observed during clini-
cal remission compared to active phases [54]. An extensive
prospective observational study of 259 CD patients revealed
a correlation between microbial community characteristics
and escalating symptom severity over time. Specifically, a
deterioration in clinical symptoms was linked to a surge in
pro-inflammatory bacteria, including Proteobacteria (such
as Klebsiella, Pseudomonas, Salmonella, Acinetobacter,
and Hafni) and Firmicutes (such as Staphylococcus, Ente-
rococcus, and Streptococcus) [100]. Additionally, the pres-
ence of AIEC in the ileal mucosa has been associated with
increased disease activity [101]. During moderate to severe
CD episodes, an enhanced abundance and diversity of gut
microbiota are observed, alongside a positive correlation
between fungal manifestations and disease severity. This
suggests that shifts in microbial composition may mirror
fluctuations in CD activity [102, 103]. A systematic review
has indicated that, compared to remission phases, the gut
microbiome of patients with active CD exhibits a notable
increase in Enterobacteriaceae, Klebsiella, Pseudomonad-
ota, and Fusobacterium, while levels of Bifidobacterium and
Clostridia significantly diminish [26, 104]. Additionally, it
was found that in patients who had undergone small intestine
resection and were not experiencing active disease, levels of
Parabacteroides and Clostridium returned to normal [11].

Gut microbiota dysbiosis and disease phenotype
prediction

The clinical phenotype of CD exhibits considerable com-
plexity, with high heterogeneity in disease progression.
Microbiome research has shed light on predicting disease
progression and differentiating complex phenotypes. Initial
studies indicate that mucosal-associated microbiota dys-
biosis is linked to disease phenotypes [105]. Phylogenetic
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and ETBF promoting inflammation via direct interaction with IECs,
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analyses reveal distinct species distributions in the gut
microbiome among different IBD subtypes compared to
controls. CD primarily affects the ileum (L1, 35%) and the
ileocolon (L3, 64.7%). The prevalence of AIEC in the ileal
mucosa of adult CD patients ranges between 21 and 63%,
which is higher than in colon diseases [29]. Gut micro-
biota in colon CD patients differs from that in ileal CD,
associated with reduced a diversity in ileal diseases [106].
Patients with ileal CD, particularly those undergoing sur-
gical resection, show the most significant deviation from
health [107]. Statistical analysis indicates that Enterococcus
faecalis and unidentified Erysipelotrichaceae species levels
are elevated in fecal samples when the disease is confined
to the ileum, compared to the colon [108]. Furthermore, the
fungal microbiota associated with colon mucosa is domi-
nated by the phyla Basidiomycota and Ascomycota, whereas
Cystofilobasidiaceae family and Candida glabrata species
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tory cytokines, supporting the maintenance of a protective mucus
layer and T, cell expansion, which can suppress excessive immune
responses. Key anti-inflammatory species include F. prausnitzii and
R. intestinalis. Red arrows represent the increased effect or presence
of pathogenic actions, while green denotes regulatory or protective
mechanisms. TNF, tumor necrosis factor; IFN, interferon; CCLS5,
C—C motif chemokine ligand 5; IECs, intestinal epithelial cells; DC,
dendritic cell; SCFAs, short-chain fatty acids; Treg cell, regulatory T
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are overly represented [109]. Differences also exist in the
mucosal-associated microbiota between narrowed and non-
narrowed areas [96]. Therefore, assessing mucosal-associ-
ated microbiota could serve as a superior biomarker for CD
over fecal microbiota.

Gut microbiota dysbiosis and evaluation of CD drug
treatment efficacy

Numerous studies have established a close connection
between the gut microbiota composition changes in CD
patients and their response to biopharmaceutical therapy.
A prospective study highlighted that IBD patients who
achieved clinical remission early through anti-cytokine
therapy, including anti-TNF-a and anti-IL-12/23, had sig-
nificantly higher baseline microbial species richness [110].
This study also identified nine microorganisms at baseline
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associated with early clinical remission in patients undergo-
ing anti-TNF-« treatment, and three microorganisms corre-
lated with the response to vedolizumab (VDZ). The micro-
biome of patients responding well to anti-TNF-a treatment
gradually aligns with that of healthy individuals, marked
by a reduction in Enterobacteriaceae (notably E. coli) and
Ruminococcus, and an increase in Bacteroidetes and Firmi-
cutes [111]. Moreover, other research has found that taxa
such as Bifidobacterium, Collinsella, Lachnospira, Rose-
buria, and Eggerthella are linked to a positive response to
anti-TNF-a treatment [11]. Treatment interventions based
on Adalimumab (ADA) are associated with the restoration
of a healthier microbial environment after six months, espe-
cially noticeable in the CD patient cohort. Patients treated
with ADA exhibited a decrease in Proteobacteria and an
increase in Lachnospiraceae, a pattern prevalent among
those achieving successful treatment outcomes, suggesting
a direct relationship between dysbiosis and treatment effi-
cacy [112]. Retrospective analysis indicated that ADA sig-
nificantly enhanced clinical remission and mucosal healing
in patients with mild to moderate active CD, with notable
microbiota changes serving as predictors of ADA effective-
ness [113]. Furthermore, a study found a correlation between
CD-related ecological dysbiosis, characterized by a decrease
in Firmicutes, and the relapse time post-withdrawal from
infliximab (IFX). The absence of certain bacterial communi-
ties or species, such as F. prausnitzii, could act as predictive
markers for recurrence [114]. In the phase 2 CERTIFI study,
OTUs in the fecal microbiota of CD patients treated with
ustekinumab (UST), particularly Faecalibacterium, were
associated with treatment-induced remission, suggesting
potential biomarkers for post-treatment remission status
[115]. Despite the limited evidence, it is also suggested that
immunosuppressants may heighten the host’s susceptibility
to fungal infections [63].

Gut microbiota dysbiosis and postoperative
treatment efficacy in CD

Mucosal healing stands as a primary objective in treating
CD. The identification of six genera—Faecalibacterium,
Lachnospira, Paraprevotella, Dialister, Streptococcus,
and Clostridium—as predictive markers for mucosal heal-
ing signifies their potential role as biomarkers for healing
in the small intestinal mucosa [116]. Notably, CD patients
who achieve and maintain remission post-surgery exhibit
gut microbiota compositions that closely resemble those
of healthy control groups, marked by increased microbial
abundance [117]. Furthermore, 16S rRNA sequencing has
revealed significant shifts in the gut microbiome of CD
patients who experience endoscopic disease relief one year
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after surgical intervention. Specifically, an uptick in Alistipes
is observed, alongside a reduction in Actinobacteriota and
Bifidobacterium [21]. These insights underscore the value
of gut microbiota analysis in shaping treatment strategies for
CD patients, particularly those considering surgical options.

The CD is notably characterized by its high postopera-
tive recurrence rate, with up to 80% of patients requiring at
least one surgical intervention, and approximately 70% fac-
ing endoscopic recurrence within a year following surgery
[118]. Currently, there is a lack of an effective method for
predicting or preventing such recurrences. Recent research
has intensively examined the link between microbial imbal-
ance and postoperative recurrence in CD, focusing primar-
ily on the ileum’s mucosa-associated microbiota (MAM).
This focus is due to MAM’s more accurate reflection of the
gut microbiota’s actual state, its superior predictive value
for postoperative recurrence, and its stronger correlation
with the clinical phenotype. Endoscopic recurrence is nota-
bly linked with significant alterations in MAM, particularly
a reduction in microbial diversity [119]. During postopera-
tive recurrence, there is an observed increase in potentially
pathogenic bacteria (e.g., Bacteroidia, Prevotella, Flavo-
bacterium, Tepidimonas, and Escherichia-Shigella), cou-
pled with a decline in potentially beneficial bacteria (e.g.,
Bifidobacterium, Lactobacillus, Faecalibacterium, and
Butyricicoccus) [120]. Moreover, a combined decrease in
the relative abundance of Proteus and Faecalibacterium
in postoperative ileal biopsies has been associated with
a heightened risk of CD recurrence [31]. The significant
microbiota differences between patients experiencing recur-
rent and first-time surgeries suggest that MAM patterns may
play a role in triggering CD recurrences [120, 121]. Surgi-
cal interventions result in reduced diversity of mucosa-asso-
ciated microbiota in CD patients, with variances observed
among patients based on their clinical outcomes after
6 months [122]. A low level of F. prausnitzii is predictive
of postoperative recurrence in ileal CD or recurrence after
ceasing Infliximab treatment [11, 114]. AIEC colonization,
marked by specific microbial community traits such as an
increase in R. gnavus, underscores AIEC’s involvement in
early CD recurrence [123]. The disruption in the association
network between Lachnospiraceae and Oscillospiraceae is
linked with frequent CD recurrence and adverse reactions
to TNF-a treatments [26]. Post-surgery, the gut microbiota
in CD patients shows a reduction in Parabacteroides and
Clostridiales and an increase in Enterobacteriales, leading
to an almost inevitable recurrence if left untreated [26].
The presence of Streptococcus in preoperative fecal sam-
ples is associated with future recurrences [108]. Monitor-
ing relapse-related bacteria could potentially aid in prevent-
ing postoperative CD recurrences, although no consistent
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bacteria or metabolites have yet been identified as reliable
predictors for such recurrences [124].

Recent studies have delved into the connection between
the microbiota and postoperative complications following
CD surgery. A pivotal prospective cohort study featured
in The Lancet explored this relationship in 913 children
with CD, who did not face complications within the first 90
days post-diagnosis. Through the collection and 16S rRNA
sequencing of fecal samples from the ileum and rectum,
researchers identified a significant association between cer-
tain genera, including Campylobacter, Akkermansia, Collin-
sella, and Desulfovibrio, with childhood CD. Additionally,
Ruminococcus has been linked to stenosis complications,
while Veillonella is associated with penetrating complica-
tions. Notably, in cases of penetrating CD, an increase in
Collinsella bacteria is observed, with Veillonella levels
particularly rising in the ileum [125]. At the genus level, a
decrease in Lactobacillus, Oscillospira, Subdoligranulum,
Hydrogenophaga, Clostridium, and Allobaculum is noted in
narrowed intestinal segments [96]. Oscillospira sp. stands
out for its negative correlation with intestinal fibrosis and
the postoperative course, marking it as a potential biomarker
for these conditions [96]. Surgical intervention is a common
treatment pathway for 50-70% of CD patients, with surgi-
cal site infection (SSI) being a primary risk. The REMIND
multicenter prospective cohort study has shown that ileal
MAM could potentially forecast SSI following CD ileocolo-
nectomy, offering a strategy to mitigate SSI risk. Further-
more, a retrospective analysis of 90 IBD patients revealed
an association between the presence of C. innocuum bac-
teria and a lower incidence of abdominal abscesses in IBD
patients, underscoring the potential of specific microbiota
components in reducing post-surgical complications [126].

Targeting the gut microbiota
for the prevention and treatment of CD

Dietary intervention

Diet significantly influences the composition and function-
ality of the gut microbiota, a critical factor in managing
CD. Research, including the Adolescent Nutrition Study on
Healthy Lifestyles in Europe and the Nurses’ Health Study
(NHS) and NHSII, highlights the link between dietary pat-
terns and CD risk. These studies collectively suggest that
a high intake of dietary fiber, particularly from cruciferous
vegetables and cereals, correlates with a reduced incidence
of CD [127, 128]. Specifically, a prospective study demon-
strated that individuals in the highest quintile of long-term
dietary fiber intake (median 24.3 g/day) experienced a 40%

decrease in CD risk [127]. A 6-month study of CD patients
revealed that high fiber intake (median 23.7 g/day) reduced
flare risk by 42%, with no obstruction events reported even
in stricturing disease subgroups. Notably, 30% of patients
avoided fiber due to intolerance concerns, yet these indi-
viduals faced 40% higher flare rates [129]. This protective
effect of dietary fiber against CD may be attributed to the gut
microbiota’s ability to metabolize fiber into SCFAs, which
promote mucosal immune tolerance [130]. Importantly, CD
patients with prior surgery or strictures tolerated high-fiber
diets without complications, challenging conventional rec-
ommendations for fiber restriction [129]. Therapeutic diets
play a pivotal role in both inducing and maintaining CD
remission. Exclusive enteral nutrition (EEN) stands out as
an effective method for reducing inflammation and modulat-
ing gut microbiota composition [131], showing equivalent
efficacy to corticosteroids in pediatric CD patients without
the associated side effects [132—134], making it particularly
beneficial for this group [135]. Moreover, the CD Therapeu-
tic Dietary Intervention (CD-TDI) presents a novel dietary
strategy that induces clinical and biomarker remission in
active CD patients [136]. Dietary interventions can also
align the gut microbiota of patients consuming a non-diver-
sified diet (NDD) more closely with those on a diversified
diet (DD) [137]. Additionally, adopting a plant-based or low-
inflammatory diet can enhance microbial characteristics and
mitigate disease symptoms [138]. These findings underscore
the critical role of diet in mitigating CD microbiota dysbio-
sis and fostering a balanced microbial community. There-
fore, when devising nutritional guidelines for CD patients,
it is essential to consider the comprehensive impact of diet
on symptoms, microbiota composition, and the long-term
prognosis.

Probiotics, prebiotics, synbiotics, and postbiotics

Probiotics, defined as live microorganisms that confer
health benefits on the host when ingested in adequate
amounts, present a potential strategy for modulating
the gut microbiota in CD patients [139]. This approach
involves either curbing the growth of harmful bacteria or
fostering the recovery of beneficial ones through probi-
otic supplementation. Despite the promise, the efficacy of
currently available probiotics in managing CD is limited,
offering only temporary improvements in the gut environ-
ment without specificity for distinct CD patient groups
[140]. A 2020 Cochrane systematic review analyzing two
randomized trials (n = 46) found no significant difference
between probiotics and placebo in inducing remission (RR
1.06; 95% CI 0.65-1.71), with very low certainty evidence
due to small sample sizes and methodological limitations
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[141]. Nonetheless, recent advancements have spotlighted
more targeted probiotic formulations like the Visbiome
(derived from the original VSL#3 composition), which
combines specific anti-inflammatory bacterial strains
shown to modulate mucosal immunity in preclinical mod-
els [142, 143]. Notably, even these next-generation formu-
lations currently lack robust clinical validation in large-
scale CD trials. This contrasts with the limited evidence
for traditional probiotics highlighted in systematic reviews.
Cutting-edge research has identified specific mechanisms
through which probiotics can combat CD, including DL
endopeptidases from Lactobacillus salivarius or mifamur-
tide, which target colonic inflammation and CD symptoms
by revitalizing NOD2 receptor functions [144]. Another
promising probiotic category is butyrate-producing bacte-
ria, like F. prausnitzii and R. intestinalis, known to signifi-
cantly elevate butyrate levels in the colon. This increase
enhances butyrate’s presence in both the mucus layer and
the lumen, contributing to colonic health [145]. Further-
more, experimental approaches, such as employing a thy-
midine restriction strategy to administer a recombinant
Lactococcus lactis strain producing IL-10, have shown
some efficacy, albeit leading to only modest disease activ-
ity improvement in a small cohort of CD patients [146]. In
conclusion, while traditional probiotics may offer limited
benefits for CD management, the exploration and devel-
opment of novel probiotic strains and mechanisms hold
considerable promise for future therapeutic interventions.

Prebiotics are dietary fibers and non-digestible food
ingredients selectively utilized by host microorganisms,
conferring health benefits [147]. They modulate the gut
microbiome’s composition and metabolism through fer-
mentation by symbiotic intestinal microorganisms [140, 148,
149], thereby enhancing the host’s health. Among various
types, oligofructose-enriched inulin (OF-IN), derived natu-
rally from foods like chicory roots and onions, is the most
extensively studied prebiotic [140, 147]. Despite the poten-
tial benefits, a placebo-controlled study involving 120 active
CD patients supplemented with 15 g/day of fructo-oligosac-
charides (FOS) did not demonstrate clinical improvement
[150]. Nonetheless, other studies have shown promising
results, indicating that an increased microbial shift towards
Bifidobacterium longum correlates with improved disease
activity in CD patients, particularly those who are inactive
or have mild to moderate disease activity after consuming
10 g of OF-IN daily. Additionally, OF-IN consumption has
been associated with elevated levels of fecal butyrate and
acetaldehyde, suggesting its beneficial effects on the gut
environment and potentially on CD management [151, 152].

Synbiotics refer to the strategic combination of prebiot-
ics and probiotics that interact synergistically to enhance
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gastrointestinal health. Probiotics promote the growth of
beneficial gut microbiota, while prebiotics serve as nour-
ishment for these beneficial bacteria, together effectively
inhibiting the proliferation of pathogenic bacteria. This syn-
ergistic interaction enhances the intestinal barrier’s integrity,
contributing to overall gut health. In a focused placebo-con-
trolled randomized trial involving 35 patients with active
CD, administering a synbiotic consisting of Synergy 1 and
B. longum resulted in notable improvements in histological
samples after 3 months and 6 months. This intervention led
to significant clinical symptom relief in patients with active
CD, underscoring the potential of synbiotics as an effective
therapeutic strategy for managing CD [153].

Metabiotics, also known as postbiotics, are bioactive
compounds produced by the metabolic activity of probiotics.
These substances include a wide range of beneficial prod-
ucts, such as enzymes, peptides, organic acids, and polysac-
charides. The American Gastroenterological Association has
acknowledged the potential of probiotics, and by extension
metabiotics, in treating functional symptoms of IBD [154].
Research has shown that the oral administration of live
Clostridium perfringens or its supernatant, which contains a
variety of metabiotics, can significantly ameliorate the sever-
ity of trinitrobenzene sulfonic acid (TNBS)-induced colitis.
This effect is attributed in part to the secretion of metabiotics
capable of inhibiting the activation of NF-kB and the pro-
duction of IL-8, both of which are crucial in the inflamma-
tory response [81]. Moreover, A. muciniphila, or specifically
its outer membrane protein Amuc_1100, represents another
fascinating example of metabiotic action. This intervention
has been found to mitigate colitis symptoms, leading to a
reduction in the infiltration of macrophages and CD8* cyto-
toxic T lymphocytes (CTL) in the colon [155]. Such findings
highlight the promising therapeutic potential of metabiotics
in managing inflammatory conditions like IBD by modulat-
ing immune responses and intestinal inflammation.

FMT

FMT represents a groundbreaking and effective approach to
modulating the gut microbiota in CD patients. This proce-
dure involves the transplantation of fecal matter from healthy
donors into the gastrointestinal tract of CD patients, aiming
to reestablish a normal microbial community structure and
functionality. Initially celebrated for its significant efficacy
in treating Clostridioides difficile infection (CDI), FMT
is now being investigated as a potential therapeutic strat-
egy for CD. Notably, a randomized, single-blind, placebo-
controlled trial investigating the impact of FMT on patients
with colon or ileal CD did not reveal a significant difference
in the overall response rate when compared to autologous
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fecal samples. However, a subgroup of patients showing
a higher colonization ability of donor microbiota demon-
strated a greater likelihood of maintaining remission [156].
Moreover, another randomized controlled trial focusing on
ileum CD patients reported a reduction in disease severity
index, as assessed by endoscopy, 6 weeks post-FMT [157].
Further compelling evidence comes from a case report of a
CD caolitis patient who, after failing to respond to biologics,
experienced clinical and endoscopic improvement follow-
ing a single FMT [158]. Additionally, a pilot study involv-
ing patients with refractory CD utilized a midgut catheter
for single FMT administration, showcasing the procedure’s
safety, feasibility, and preliminary efficacy [159]. While
research into FMT’s role in CD treatment remains at an early
stage, the theoretical basis suggests that FMT could dimin-
ish pathogen levels by reinstating a balanced microbiota,
enriched with beneficial bacteria and bacteriophages. This
potential for microbial ecosystem restoration underscores
FMT’s promising horizon in CD management.

Traditional Chinese medicine

The healing benefits of Chinese traditional medicine, along
with acupuncture and moxibustion, for CD have gained
increasing recognition in recent years. Research by Xiaoye
Liu and colleagues [160] highlights the efficacy of these
treatments in managing gut microbiota and inflammatory
responses in CD. For instance, the study on Bai Tou Weng
Tang, a traditional Chinese herbal formula, compared to
levofloxacin hydrochloride for treating E. coli infection in
rats, revealed that Bai Tou Weng Tang not only restored Bac-
teroidetes spp. in the gut microbiota but also suppressed the
release of IL-8 and ICAM-1, thereby protecting the intesti-
nal barrier. Additionally, the combined use of Shen Ling Bai
Zhu San and Si Shen Wan has been found to facilitate the
recovery of the intestinal microbiota’s structure and compo-
sition. This combination increases the production of SCFAs
and reduces levels of inflammatory cells and cytokines,
offering therapeutic relief for CD patients [161, 162]. While
studies on acupuncture and moxibustion’s impact on gut
flora are limited, existing research indicates that these prac-
tices can effectively induce and maintain remission in active
CD cases [163, 164]. Furthermore, when acupuncture and
moxibustion are paired with probiotics, there is a signifi-
cant regulation of intestinal flora imbalance. This synergistic
approach enhances the concentration of probiotics in the

gut, contributing to the maintenance of a balanced intestinal
microecology. These findings underscore the potential of
integrating Chinese traditional medicine, acupuncture, and
moxibustion with modern probiotic therapy to offer a com-
prehensive and effective treatment strategy for CD, focus-
ing on both symptom relief and the underlying microbial
imbalances.

Conclusions

Significant progress has been made in understanding the gut
microbiota, yet the intricate relationships among different
microorganisms and their links to CD remain not fully eluci-
dated. While numerous studies have established an associa-
tion between pathogens and the onset and progression of CD,
a comprehensive understanding of these relationships is still
lacking. A deeper insight into the role of gut microbiota in
CD pathogenesis, along with targeted monitoring and modu-
lation at various stages, could offer innovative approaches
for diagnosis and treatment. It is crucial to comprehend how
microorganisms and their by-products influence the immune
status of the host in both health and disease.

Targeting the microbiota in CD patients might emerge
as a novel therapeutic strategy, despite some limitations in
clinical data. Methods for modulating the gut microbiota
encompass dietary interventions, probiotics, prebiotics, syn-
biotics, metabiotics, FMT, and TCM (Fig. 2). Specifically,
FMT shows extensive potential as a therapy in CD, but its
efficacy and safety necessitate further validation through rig-
orous, large-scale clinical trials. Microbial-derived therapies
are in nascent stages; however, ongoing research and trials
suggest that leveraging microbial pathways could lead to
promising treatments for CD. The exploration of gut micro-
biota ushers in a fresh perspective and research avenue for
understanding CD’s clinical features and prognosis, offer-
ing new hope to patients. The recent advancements in CD
microbiome research are encouraging, and we anticipate
further studies to provide more profound insights, enhance
therapeutic approaches, and improve treatment outcomes for
this prevalent condition. Investigating the mechanisms of
pathogen spread, promotion of symbiotic dysbiosis, immune
evasion, and factors limiting clinical remission will enhance
our understanding of inflammatory bowel disease patho-
physiology. Accordingly, targeting pathogens may represent
a pivotal focus for future therapeutic endeavors.
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Fig.2 Comprehensive strategies for microbiome-based therapeutic
interventions in CD. This figure illustrates a four-pronged approach:
(1) dietary modifications, including the SVD, MedDiet, CDED, and
EEN, are shown as foundational measures to reshape the gut flora. (2)
Biotics, such as probiotics, prebiotics, biostime, and postbiotics, aim
to maintain and enhance beneficial microbiota. (3) TCM, represented
by herbal remedies and acupuncture, is integrated to offer holistic
modalities for managing gut health. (4) FMT is presented as a supple-
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mentary therapy, transferring fecal matter from a healthy donor to a
CD patient to address dysbiosis. This diagram encapsulates the array
of interventions designed to modulate the microbiota and counteract
pathobionts, aiming to mitigate CD symptoms and facilitate clini-
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transplantation
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