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Abstract
Inflammatory bowel disease (IBD) is a chronic immune-mediated disease that 
affects the gastrointestinal tract. It is argued that environment, microbiome, and 
immune-mediated factors interact in a genetically susceptible host to trigger IBD. 
Recently, there has been increased interest in the development, progression, and 
treatment of IBD because of our understanding of the microbiome. Researchers 
have proved that some factors can alter the microbiome and the pathogenesis of 
IBD. As a result, there has been increasing interest in the application of probiotics, 
prebiotics, antibiotics, fecal microbiota transplantation, and gene manipulation in 
treating IBD because of the possible curative effect of microbiome-modulating 
interventions. In this review, we summarize the findings from human and animal 
studies and discuss the effect of the gut microbiome in treating patients with IBD.

Key Words: Inflammatory bowel disease; Microbiome; Inflammation; Genetics; 
Antibiotics; Probiotics
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Core Tip: Inflammatory bowel disease (IBD) is a chronic immune-mediated disease that 
affects the gastrointestinal tract. Researchers have proved that some factors can alter 
the microbiome and the pathogenesis of IBD. These include mutations in genes 
involved in microbiome-immune interactions and microbiota-modulating risk factors 
such as antibiotic use, cigarette smoking, levels of sanitation, and diet. As a result, 
there has been increasing interest in the application of probiotics, prebiotics, 
antibiotics, fecal microbiota transplantation, and gene manipulation in treating IBD 
because of the possible curative effect of these microbiome-modulating interventions.
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INTRODUCTION
Various microbial organisms are found in the gut, with the number exceeding 100 
trillion, including bacteria, fungi, viruses, as well as protozoa[1,2]. The number of 
bacteria varies throughout the entire gastrointestinal tract, making a comparison 
between the colon, stomach, and small intestine difficult as the amount and diversity 
of bacterial species are higher in the colon[3,4]. In humans, homeostasis of nutrition, 
immune development, metabolism, and defense against pathogens is essential, and it 
is achieved because of the existence of the gut microbiome.

MICROBIOME AND INFLAMMATORY BOWEL DISEASE
Inflammatory bowel disease (IBD) is a chronic immune-mediated disease[5]. Based on 
the analysis of numerous animal models, alteration or an aberrant immune response 
occurs in the microbiome, which may lead to intestinal inflammation[6]. When pro-
inflammatory bacteria or microbiota are transferred from mice with IBD to healthy 
mice, inflammation is triggered, and colonization of intestinal microbiota in mice from 
donors with IBD exacerbates colitis by altering immune responses[7,8]. In human 
subjects, it was observed that the microbiome plays a fundamental role in the 
occurrence of IBD[9]. In addition, during treatment of Crohn’s disease (CD), fecal 
diversion has been proved to be a valuable technique, as disease severity is reduced 
due to exclusion of the affected bowel segment[10]. It has been shown that antibiotics 
are effective in treating certain phenotypes of IBD[11]. Recently, studies have 
demonstrated that specific microbes may drive or suppress inflammation, predict 
response to therapy, and determine the postoperative risk of disease recurrence so as 
to provide evidence for the curative effect of the microbiome in treating patients with 
IBD[12,13] (Table 1).

Genetic mutations, the microbiome, and IBD
Genetic susceptibility plays a key role in the etiology of IBD[14]. A recent study 
involving 75000 patients has identified 163 susceptibility loci for IBD, and most of 
them participated in regulating the interaction between host and gut microbes[15,16].

The nucleotide-binding oligomerization domain-2 (Nod2) gene was initially 
reported as a susceptibility gene for CD[17]. Nod2 is predominantly expressed in Paneth 
cells of the ileum and can induce immune responses under the stimulation of intestinal 
flora. The number of mucosa-adherent bacteria increases in IBD patients carrying Nod2 
mutations. Patients with Nod2 mutations have characteristic changes in gut flora when 
compared with patients without Nod2 mutations[18]: Enterobacter species increase, and 
Faeculus species decrease. In addition, abnormal aggregation of goblet cells and 
lymphocytes and expression of inflammatory factors can be found in the intestines of 
Nod2-/- mice[19]. Compromised intestinal barrier function is associated with the 
imbalance of the intestinal flora, especially the increase of Bacteroides vulgaris, and 
downregulating the abundance of Bacteroides vulgaris can reverse the barrier defect in 
Nod2-/- mice[20].

Mutations in autophagy-related genes are associated with increased risk of CD. IBD 
patients with both autophagy-related gene 16L1 mutation and Nod2 mutation have 
significant changes in intestinal flora, including decreased abundance of Faebacterium 
and increased abundance of Escherichia coli[21]. Selectively knocking out the ATG16L1 
gene in mice can down-regulate the number of regulator T (Treg) cells and T helper 
(Th)2-mediated cellular immunity[22]. The abnormal immune effect makes the intestine 
lose its tolerance to intestinal pathogens and produce immunoglobulins that attack the 
intestinal commensal bacteria, leading to intestinal flora imbalance. In a recent study, 
feces from patients with active CD were transplanted into sterile ATG16L1-deficient 
mice, which induced the increase of Bacteroides ovatus and the increase of Th17 and Th1 
immune cells in intestinal lamina propria, suggesting the effects of gene 
polymorphisms on IBD rely on the role of intestinal flora[23].

Glycoprotein CLEC7A, a pattern-recognition receptor expressed by innate immune 

http://creativecommons.org/Licenses/by-nc/4.0/
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Table 1 Microbiota changes associated with inflammatory bowel disease

Increased Decreased

Bacteria Fusobacterium species Bififidobacterium species

Pasturellaceae Bacteroides species

Proteobacteria (adherent invasive Escherichia coli) Clostridium XIVa, IV

Ruminococcus gnavus Faecalibacterium prausnitzii

Veillonellaceae Roseburia species

Suterella species

Fungi Candida albicans Saccharomyces cerevisiae

Candida tropicalis

Clavispora lusitaniae

Cyberlindnera jadinii

Kluyveromyces marxianus

Viruses Caudivirales

cells, can mediate the interaction between fungi and intestinal immune system[24]. The 
intestinal fungal community changed in CLEC7A-deficient mice, along with increased 
susceptibility to enteritis. Knockout of caspase recruitment domain-containing protein 
9 (CARD9) gene, a downstream molecule of CLEC7A, can also cause changes of the 
intestinal fungal microecology in mice and increase the susceptibility of mice to 
dextran sodium sulfate-induced enteritis. Imbalance of fungal gut flora caused by 
CARD9 deficiency is closely related to the lack of intestinal Th17 cells. Lanternier 
et al[25] also found that the colonization of Malassezia could increase the severity of CD, 
and such inflammatory response induced by the fungal colonization was associated 
with the genetic polymorphisms of CARD9.

Although intestinal flora imbalance plays a key role in the etiology of IBD, change of 
intestinal flora alone does not cause enteritis. Research on genetic polymorphisms 
reveals the important role of individual differences in the pathogenesis of IBD[26]. The 
polymorphism of individual genes can affect the structure of the intestinal flora, and 
the imbalanced intestinal flora can further activate the immune system and induce 
intestinal inflammation in the context of genetic susceptibility.

MECHANISMS OF IMMUNE DISORDERS INDUCED BY INTESTINAL 
FLORA IMBALANCE IN IBD
Intestinal flora imbalance and gene polymorphisms play key roles in the pathogenesis 
of IBD[27], although both of them depend on the intestinal immune microenvironment. 
Physiologically, there is a symbiotic relationship between intestinal microorganisms 
and the host, and this relationship depends on a variety of immune mechanisms such 
as the secretion of immunoglobulin (Ig) A from the intestinal mucus and the release of 
antimicrobial peptides[28,29]. In addition, intestinal symbiotic bacteria can also inhibit 
the growth of pathogenic microorganisms, promote immune tolerance, initiate 
intestinal epithelial repair, and maintain the balance among various immune cell 
subtypes[30]. In patients with IBD, however, the unregulated intestinal microecology, 
together with the body’s susceptibility genes, induces abnormal immune responses 
and causes disorders of the intestinal immune microenvironment[31].

With regard to humoral immunity, the antibodies secreted by different intestinal 
microorganisms are closely related to the phenotypes and course of IBD[32]. Research 
showed that the combination of anti-Saccharomyces cerevisiae mannan antibodies with 
anti-laminaribiose antibodies and anti-neutrophil cytoplasmic antibodies helped to 
distinguish IBD patients, non-IBD patients, and healthy individuals[33]. The levels of 
these three antibodies significantly differ between CD and ulcerative colitis (UC) 
patients[34]. In addition, as the most important antibody in the intestinal mucosa, IgA 
has an encapsulation effect on microorganisms and thus is a marker for the immune 
response activated by gut microbes[35]. These IgA-encapsulated gut microbes can be 
divided into enteritis IgA+ bacteria and intestinal symbiotic IgA-bacteria, among which 
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the IgA+ bacteria include Prevotellaceae, Helicobacter, and segmented filamentous 
bacteria. These bacteria can participate in dextran sodium sulfate-induced enteritis in 
mice. Furthermore, IgA deficiency also increases the risk of CD and UC 
development[36,37].

In terms of cellular immunity, gut microbes play an important role in maintaining T 
cell function. Gut microbes can induce T cells to differentiate into Th17, Treg cells, and 
other phenotypes by shaping the intestinal microenvironment[38]. The segmented 
filamentous bacteria colonizing the small intestine of mice can adhere to the epithelial 
cells of the small intestine and induce Th17 cells in the intestinal lamina propria to 
secrete interleukin (IL)-17 and IL-22, thus promoting intestinal inflammation[39]. On the 
contrary, some intestinal bacteria promote the proliferation of anti-inflammatory Treg 
cells. The colonization of clostridium in the intestines of mice can increase the 
intestinal transforming growth factor-β level, thereby promoting the differentiation of 
Foxp3+ Treg cells[40]. Research has shown that the intestinal bacteria derived from IBD 
patients can induce the increase of Th17 and Th2 cells and the decrease of RORγt+ 
Treg cells in the mouse intestines. After feces from healthy people were transplanted 
into mice, a consortium of 11 bacterial strains that induced interferon-γ-producing 
CD8 T cells in the intestine was isolated, which could relieve intestinal inflamm-
ation[41].

In the intestinal immune microenvironment, antigen-presenting cells can not only 
deliver gut bacteria-related antigens but also regulate intestinal immune effector 
cells[42]. When intestinal commensal bacteria adhere to epithelial cells, CX3CR1+ 
antigen-presenting cells secrete IL-10 under the action of intestinal bacteria antigens to 
induce Treg cell differentiation, thus maintaining a balanced pro- and anti-
inflammatory environment in the gut[43]. However, when the intestinal flora becomes 
imbalanced, CX3CR1+ antigen-presenting cells can induce Th1 immune cells to 
mediate intestinal inflammation. In addition, Ruminococcus gnavus, which is closely 
related to CD, can act on toll-like receptor 4 receptors in dendritic cells by secreting 
polysaccharides, thus inducing the secretion of tumor necrosis factor-α, a 
proinflammatory cytokine[44]. Macrophages are also important antigen-presenting cells 
in the intestinal mucosal barrier. Intestinal bacteria can induce macrophages to secrete 
IL-1β through the Nod2-Myd88 signaling pathway to mediate intestinal inflammation. 
However, intestinal Helicobacter hepatica can activate the mitogen activated protein 
kinase/cyclic adenosine monophosphate response element-binding protein through 
the toll-like receptor 2 receptor of macrophages to promote the secretion of IL-10 and 
participate in the anti-inflammatory response in the intestine[45].

MICROBIAL COMPOSITION AND FUNCTION IN PATIENTS WITH IBD
Decades ago, it was first confirmed that the fecal stream containing bacteria was 
associated with IBD when surgical diversion was used to induce remission of diseased 
segments; when continuity was restored, these patients may develop IBD 
recurrence[46]. A large number of studies have indicated that alterations in the 
composition of gut microbiota are associated with IBD. As a result, more and more 
research has focused on the diagnostic and prognostic potential of microbiota 
signatures in patients with IBD[47].

Metagenomics of the gut microbiota in patients with IBD
Although the interaction between intestinal microecology and the body can regulate 
the intestinal immune microenvironment, the exact mechanisms remain unclear. As 
the intestinal flora changes, the intestinal metabolites in IBD patients also change. 
Compared with healthy individuals, IBD patients have remarkably altered intestinal 
mucosal, fecal, and serum metabolites[48].

Short-chain fatty acids (SCFA, mainly including butyrate, propionate, and acetate) 
are the primary products of the breakdown of non-digestible carbohydrates by gut 
bacteria[49]. Among them, butyrate, which is produced by Clostridium, can inhibit 
histone deacetylase by activating G protein-coupled receptors and epigenetic effects, 
thereby enhancing the function of mucosal Treg cells and alleviating enteritis in 
mice[50]. The increase in butyrate can also promote the proliferation of Treg cells by 
inhibiting deacetylase, suppress the Th17-mediated immune response, and promote 
the secretion of IL-6 in macrophages, thus exerting its protective effect on the gut[51]. As 
an agonist of peroxisome proliferator-activated receptor γ, butyrate can also inhibit the 
synthesis of nitric oxide and the degradation of nitrate in gut, thereby suppressing the 
proliferation of Enterobacteriaceae. However, the abundance of SCFA-producing 
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bacteria dramatically decreases in the feces of IBD patients, leading to a decrease in 
intestinal SCFA levels and an increase in intestinal inflammation[52].

Tryptophan can be converted into biologically active indole metabolites by 
intestinal bacteria. Studies have shown that there were significant differences in the 
serum levels of tryptophan metabolites between normal mice and sterile mice, and 
indole derivatives, which are the metabolites of tryptophan, can also mediate host 
inflammation[53]. The intestinal commensal Peptostreptococcus can produce indole 
propionic acid, a special indole derivative, to induce mucin gene expression and 
activate the nuclear factor E2-related factor 2 pathway, thus exerting its effect in 
alleviating intestinal inflammation[54]. Bacteroides can metabolize tryptophan into 
serotonin, the precursor for melatonin, and serotonin can exhibit multiple effects by 
binding to different serotonin receptors, especially the regulation of intestinal 
inflammation. However, the metabolism of tryptophan by intestinal bacteria decreases 
in IBD patients, resulting in the disturbances in intestinal microenvironment and the 
development of enteritis.

The bile acids produced by the metabolism of intestinal flora can act as agonists of G 
protein-coupled receptors and farnesoid X receptors. They can regulate host genes, 
thereby regulating the maturation of immune cells, the release of cytokines, and the 
defense against microorganisms. Taurine is a secondary bile acid derived from the 
decomposition of primary bile acid. It can increase microbial diversity by regulating 
the function of inflammasomes. Clostridium can also regulate bile acid metabolism 
through dehydroxylation and inhibit the intestinal Clostridium difficile infection. In 
addition, conjugated bile acids can also up-regulate the expression of exogenous 
transporter multidrug resistance protein 1 in CD4+ effector T cells to maintain the 
homeostasis of the body. However, the expression of multidrug resistance protein 1 
dramatically declines in IBD patients[55].

Sphingomyelin is a class of plasma membrane-associated lipids produced by the 
host and specific bacteria. The cell level and distribution of sphingomyelin 
significantly differ between inflammatory tissue and non-inflammatory tissue in IBD 
patients. The colonization of Bacteroides polymorpha in sterile mice could maintain the 
balance of the intestinal environment; however, the colonization of mutant strains 
without the function of synthesizing sphingomyelin in the intestine caused the 
increase of IL-6 and monocyte chemotactic protein 1 and thus induced enteritis. 
Metabonomic studies have also found that the abundance of sphingomyelin derived 
from Bacteroides was low in IBD patients; as the abundance of sphingomyelin in the 
body decreased, the inflammatory response tended to rise.

Meta-transcriptomics of the gut microbiota in patients with IBD
Some researchers have focused on the functional activity (meta-transcriptomics) 
instead of the functional potential (metagenomics) of gut microbiota in patients with 
IBD, and for both there is no accurate correlation[56]. For example, when comparing 
patients with UC or those with CD to healthy control subjects, the RNA level in the 
patient groups was markedly lower than that in the healthy group, while the change in 
abundance of deoxyribonucleic acid (DNA) increased slightly. This indicated that the 
patients with IBD may be significantly affected by minor alteration in R. gnavus 
abundance at the DNA level[57]. Furthermore, when comparing patients with UC and 
healthy control subjects, it was found that the abundance of B. fragilis DNA was much 
lower than that of RNA. Consequently, based on the results between patients with UC 
and healthy control subjects, a decreasing trend in both the functional potential and 
activity of B. fragilis was observed. F. prausnitzii, B. vulgatus, and Alistipes putredinis 
were found to contribute significantly to metabolic pathway transcription in patients 
with IBD, even when they were not the most abundant organisms present[58]. In order 
to confirm these results, Clostridium hathewayi, C. bolteae, and R. gnavus and their 
genomic abundance were compared, and it was found that the transcriptional activity 
of C. bolteae and R. gnavus in patients with IBD was significantly increased, which 
indicated that they possibly play a more significant role[59].

Metabolomics of the gut microbiota in patients with IBD
According to the results of a few studies, it is suggested that patients with IBD have a 
depletion of biologically active and functionally important metabolites[60]. In addition, 
SCFA are important anti-inflammatory bacterial metabolites, which are decreased in 
the bacteria that can produce metabolites in these patients. SCFA plays a role in 
providing energy for colonic epithelial cells and promoting the expansion of 
regulatory T cells in the colon[61]. Furthermore, in these patients, the level of SCFA, 
including butyrate, as well as the secondary bile acids lithocholate and deoxycholate 
decreased. Generally, patients with IBD show no deficiencies in sera, but it should be 
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noted that the vitamins pantothenate (vitamin B5) and nicotinate (vitamin B3) were 
particularly depleted in the gut. Nicotinate is characterized by its anti-inflammatory 
and antiapoptotic features. It was noted that other metabolites including sphingolipids 
and carboximidic acids were overabundant in patients with CD. B. fragilis, which is 
involved in synthesizing sphingolipids and has a similar structure to invariant natural 
killer T (iNKT) cell agonists, was shown to play a role in reducing iNKT cell activation 
and expansion triggered by self and microbial stimuli in neonatal mice. As a result, 
when the neonate grew, the iNKT cell numbers reduced, and experimentally-induced 
colitis was prevented[62]. During inflammation, the oxygen concentration may become 
higher; thus, this environment is poisonous to obligate anaerobes and may lead to a 
diminished mucus layer.

Role of F. prausnitzii in patients with IBD
Among the variety of bacteria mentioned above, more and more attention has been 
focused on the relationship between F. prausnitzii and the pathogenesis of IBD. Some 
studies have described the low abundance of anti-inflammatory Firmicutes, and this 
may increase the risk of recurrence of ileal disease after surgery[63]. In addition, it was 
observed that when F. prausnitzii in stool was at a low level, CD relapse in patients in 
remission could be predicted[64]. Furthermore, F. prausnitzii was protective in 
dinitrobenzene sulfonic acid-induced colitis in mice. Research has shown that 
microbial anti-inflammatory molecule (MAM), a special protein produced by F. 
prausnitzii, can resist inflammation and inhibit the nuclear factor k B pathway in 
epithelial cell lines. L. lactis, used to deliver a plasmid encoding the MAM protein, is 
effective in preventing dinitrobenzene sulfonic acid–induced colitis in mice.

VIRUSES IN PATIENTS WITH IBD
Enterovirus is closely related with IBD. It was found that bacteriophages were 
significantly increased in the colon tissue of CD patients compared with that of healthy 
individuals. A viromic study demonstrated that the viromic status of CD patients was 
related to both disease status and treatment. Although individual differences and 
sample sources have a greater impact on the viromic status than on CD, it has also 
been found that there were more viruses in the virome of CD patients than in healthy 
people, and the diversity of viruses in the feces and intestinal tissues of newly 
diagnosed patients was higher than that in relapsed patients[65]. It is still unclear 
whether the decrease in bacterial abundance and the increase in phage abundance are 
associated with the onset of IBD. Although there are some common viruses in the 
virome of patients with CD or UC, there are also some unique disease-related phages, 
such as the phages of Lactococcus, Lactobacillus, Clostridium, Enterococcus, and Strepto-
coccus[66].

IBD patients carry more mammalian viruses and human pathogens than healthy 
individuals, and human endogenous retrovirus (HERV) has also been found in the 
virome of IBD patients. The expression of HERV protein is related to inflammation. 
HERV expression is even higher in IBD patients infected with herpes virus[67]. The 
significance of such correlation for IBD is unclear; however, infection with other 
viruses may also trigger HERV expression.

MICROBIOTA-BASED STRATEGIES IN PATIENTS WITH IBD
It is beneficial in patients with IBD to use several methods to regulate the gut 
microbiota during therapy. For example, when a deficit is identified in anti-
inflammatory bacteria, such as F. prausnitzii, anti-inflammatory molecules produced 
by bacteria, such as MAM protein in the case of F. prausnitzii, can be augmented or 
administered[68]. In this situation, probiotics, prebiotics, and synbiotics can be applied 
to replenish anti-inflammatory bacteria and their substrates. Another method is to 
identify the inflammatory bacteria that are overexpressed or toxic, and then antibiotics 
or phage therapy can be administered to remove the inflammatory bacteria. Fecal 
microbiota transplantation (FMT) can reset the whole microbiome. Research has 
shown that the microbiota can be used to deliver medications, for instance, modified 
organisms that are designed to release anti-inflammatory cytokines or other molecules 
that can directly reach the site of inflammation[69]. The microbiome-immune interface 
has multiple targets that should be studied in further investigations.
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Probiotics
Probiotics are a class of live microorganisms. They have shown good efficacy for IBD 
in animal experiments but have unsatisfactory effectiveness in clinical trials. No 
definite evidence supports the efficacy of probiotics in the treatment of CD, but these 
products may be effective in treating UC patients. Probiotics have certain effects in 
inducing and maintaining remission in UC patients[70]. Positive research results have 
been achieved in patients with UC, but due to limitations in study design, availability 
of effective strains, as well as problems associated with the quality control of available 
probiotic preparations, the application of these findings in everyday practice may take 
some time[71]. It has been confirmed that probiotics can be used to prevent primary and 
secondary pouchitis. The probiotic preparation that is effective in pouchitis, VSL#3, is 
a mixture of four strains of Lactobacillus species, three strains of Bifidobacterium 
species, and Streptococcus salivarius, and it increases the amount of mucosal regulatory 
T lymphocytes and decreases the mucosal expression of pro-inflammatory cytokine IL-
1b messenger ribonucleic acid[72]. To some extent, probiotics can maintain remission in 
patients with mild-to-moderate UC, even though they have varied curative effects. It 
has been found that probiotics are not effective in patients with CD. Due to the 
composition of specific probiotic preparations used to treat patients with IBD, the 
results have been varied[73]. Therefore, it is possible that the unsatisfactory efficacy of 
probiotics may be because there is no ideal composition, duration of therapy is 
insufficient, or the intervention is too late when the ‘‘pathogenic’’ microbiota is already 
present. Studies are required on individualized and personalized therapy in particular 
IBD phenotypes, including designing probiotics for specific microbial changes.

Antibiotics
Studies have shown that childhood antibiotic exposure increases the risk of IBD, and 
younger age of exposure and longer antibiotic use are associated with higher incidence 
of IBD. Antibiotics are not the first-line treatment for IBD, unless co-infection is 
considered. However, antibiotics have shown certain efficacies in some clinical trials. 
A meta-analysis shows that the combination of antibiotics can, to a certain extent, 
improve the clinical symptoms of IBD patients[74]. Using ciprofloxacin to treat patients 
appears to result in remission, and although treatment responses were more frequent, 
the results were not statistically significant. Experiments have been conducted to 
evaluate the effect of metronidazole in preventing recurrence of CD after small 
intestinal resection, but no significant effect was obtained compared with biologic 
therapy[75]. Following colectomy with ileal pouchanal anastomosis, the microbiome is 
crucial for driving inflammation in the ileal pouch. Only after the fecal stream is 
restored through the pouch may pouchitis occur[76]. A study involving 16 subjects who 
received ciprofloxacin or metronidazole for 2 wk showed that pouchitis was resolved 
in all subjects who receive ciprofloxacin therapy and in 76% of subjects who received 
metronidazole therapy according to the pouchitis disease activity score. In conclusion, 
antibiotics show efficacy in the treatment of IBD, but there are few reports in the 
literature to validate this finding.

Diet
Diet is closely related to the compositions of intestinal flora and microbial metabolites. 
IBD patients were found to have dysregulated intestinal microbiota and decreased 
floral diversity, including an increase in Enterococcus and a decrease in the abundance 
of Firmicutes and Bacteroides. Similar changes in the abundance of intestinal flora have 
also been seen in some healthy people who embark on a low-carb, high-fat diet, 
indicating that fiber intake reduces the risk of CD, which may be related to the altered 
intestinal microbiota in genetically susceptible people[77]. In a recent randomized 
controlled trial involving pediatric patients with CD, there was no difference in the 
remission rate between the group receiving partial enteral nutrition and the group 
receiving exclusive enteral nutrition. These findings indicate that the rebound effect 
may occur in subjects when they switch to a regular diet; thus, the score for the 
microbiome composition may return to the baseline level[78]. A study conducted by 
Guo et al[79] assessed the effect of different diets, such as diets low in red meat and 
processed meat, in preventing symptomatic relapse of CD. Thus, more randomized 
controlled trials determining the effect of diet therapy in the treatment of patients with 
CD are required in order to determine the benefit of different diet therapies.

FMT
FMT, also known as stool transplantation or bacteriotherapy, has been a research 
hotspot in recent years[80]. It transfers gut microbes from a healthy donor into the 
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gastrointestinal tract for the purpose of restoring the balance of gut microbes. FMT is 
particularly successful in the treatment of refractory Clostridium difficile infection. A 
meta-analysis showed that the clinical response rates of FMT for UC and CD were 21% 
and 30%, respectively[81]. In another study, the clinical response rate of FMT was 20.9% 
in treating patients with mild to moderate IBD and 32.3% in patients with moderate to 
severe IBD[82]. Thus, FMT was more effective in treating patients with moderate to 
severe IBD, suggesting that FMT may be used as a rescue treatment for refractory IBD. 
However, the heterogeneity of the currently available studies is high, mainly due to 
differences in transplantation methods and routes, selection of fresh or frozen feces, 
and selection of donors. Paramsothy et al[82] have shown that FMT increased the 
diversity of the intestinal flora and changed the composition of the flora[83]. Eubacterium 
hallii in fecal and colon samples was more abundant in patients who benefitted from 
FMT, while these results were not observed in patients who did not benefit. Donor 
stool containing Bacteroides species was associated with remission[84]. However, 
Streptococcus species in donor stool was related to no response to FMT[85]. Further 
studies are necessary to determine better methods for choosing donors to target the 
microbiome changes in patients with IBD in order to promote the curative effect of 
FMT.

CONCLUSION
According to the results from animal models, the microbiome can trigger IBD and 
even make it worse. Clinical data have shown that the microbiome is effective in CD 
therapy, but the effect is limited. According to recent studies, antibiotics are used to 
prevent postoperative recurrence of CD and to treat pouchitis and perianal disease.

Some probiotics may be beneficial for preventing pouchitis and in maintaining 
remission in patients with mild to moderate UC. Diet therapy is also considered to be 
helpful, especially in children with CD who receive exclusive enteral nutrition. 
However, further studies on adult patients, especially those with UC, are necessary. To 
date, only a few studies have provided support for FMT in treating UC, but there is 
little evidence for FMT in treating patients with CD. In conclusion, the microbiome is 
an exciting target for the treatment of IBD in future studies.
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