
meostasis, and preliminary data have shown the clinical 
efficacy of FMT on refractory IBD or IBD combined with 
Clostridium difficile  infection. Additionally, synthetic 
microbiota transplantation with the defined composi-
tion of fecal microbiota is also a promising therapeu-
tic approach for IBD. However, FMT-related barriers, 
including the mechanism of restoring gut microbiota, 
standardized donor screening, fecal material prepara-
tion and administration, and long-term safety should 
be resolved. The role of intestinal microbiota and FMT 
in IBD should be further investigated by metagenomic 
and metatranscriptomic analyses combined with germ-
free/human flora-associated animals and chemostat gut 
models. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Inflammatory bowel disease; Intestinal mi-
crobiota; Probiotics; Fecal microbiota transplantation; 
Synthetic microbiota transplantation

Core tip: Several lines of evidence strongly support 
the link between intestinal microbiota and inflamma-
tory bowel disease (IBD). This review discusses the 
potential microbial pathogens, disturbance of intestinal 
microbiota, and immune interactions between host and 
microbes in IBD. Furthermore, alternative IBD treat-
ment approaches aimed at restoring the disturbed 
intestinal microbiota have become a major interest in 
recent years. This article also reviews the present lit-
erature concerning the clinical use of probiotics, espe-
cially fecal microbiota transplantation and its barriers, 
and future directions in the management of IBD. 
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Abstract
The intestinal microbiota plays an important role in 
inflammatory bowel disease (IBD). The pathogenesis 
of IBD involves inappropriate ongoing activation of the 
mucosal immune system driven by abnormal intestinal 
microbiota in genetically predisposed individuals. How-
ever, there are still no definitive microbial pathogens 
linked to the onset of IBD. The composition and func-
tion of the intestinal microbiota and their metabolites 
are indeed disturbed in IBD patients. The special al-
terations of gut microbiota associated with IBD remain 
to be evaluated. The microbial interactions and host-
microbe immune interactions are still not clarified. Limi-
tations of present probiotic products in IBD are mainly 
due to modest clinical efficacy, few available strains and 
no standardized administration. Fecal microbiota trans-
plantation (FMT) may restore intestinal microbial ho-
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INTRODUCTION
Inflammatory bowel disease (IBD), including ulcerative 
colitis (UC) and Crohn’s disease (CD), is a chronic relaps-
ing nonspecific inflammatory disorder of  the gastro-
intestinal (GI) tract. The etiology of  IBD is unknown. 
Contributing factors to the pathogenesis of  IBD include 
disturbance of  the intestinal microbiota and its metabo-
lites, the host’s genetic susceptibility, and the host’s in-
nate and acquired immunity[1,2]. Many studies based on 
metagenomics have profiled the normal patterns of  the 
human intestinal commensal microbiota. For example, 
3.3 million microbial genes, up to 10 bacterial phyla, and 
> 1000 bacterial species (> 90% species belong to the 
phyla Bacteroidetes and Firmicutes) have been identified in 
the human intestine[2,3]. Commensal fungi and viruses 
have also been detected in the human gut[2,4]. Several lines 
of  evidence strongly support the link between intestinal 
microbiota and IBD such as: (1) animal studies confirm 
that intestinal microbiota has an essential role in the 
pathogenesis of  IBD, because colitis cannot be induced 
in germ-free animal models[5,6]; (2) fecal stream diversion 
prevents recurrence of  CD in the neoterminal ileum, but 
reinfusion of  luminal contents into bypassed colonic seg-
ments rapidly results in recurrent disease[7,8]; (3) fecal and 
intestinal mucosa-associated microbiota of  IBD patients 
is characterized by decreased biodiversity and abnormal 
compositions (e.g., an imbalance between protective and 
harmful microbes)[2,9]; (4) the disturbed metabolites of  
intestinal microbiota (e.g., abnormal butyrate metabolism) 
are implicated in the pathogenesis of  IBD[10,11]; (5) several 
probiotic products may be effective in relieving intestinal 
symptoms and preventing relapse in UC[12]; (6) some non-
absorbable antibiotics may induce and maintain remission 
in IBD[12,13]; (7) many environmental factors such as the 
westernized diet, modern lifestyle, or abuse of  antibiotics, 
have an important effect on the composition of  intestinal 
microbiota and contribute to the significant increased 
incidence of  IBD[9,14]; and (8) IBD-related genetic suscep-
tibility loci are mainly associated with the host-microbe 
immune interactions[15-17]. 

Previously, researchers have tried to determine the 
specific microbial pathogens associated with the onset of  
intestinal inflammation of  IBD[18-22]. Recently, metage-
nomic studies have increased with the development of  
high-throughput DNA sequencing and bioinformat-
ics analysis technology[2,23,24]. Therefore, many studies 
have focused on the composition and function of  gut 
microbiota in IBD patients, but the defined alteration 
of  intestinal microbiota, the microbial interactions and 
host-microbe interactions are still not conclusive[2,9,25]. 
Furthermore, IBD-related conventional medical treat-
ments use aminosalicylates, steroids, immunosuppressive 
agents and biological therapies with many adverse ef-
fects, and no cure is available. Alternative IBD treatment 
approaches aimed at restoring the disturbed intestinal 
microbiota have become a major interest in recent years. 
Many clinical trials have been performed to investigate 
the efficacy of  probiotics in IBD. The beneficial effect of  

probiotics is modest, although several probiotic products 
can induce and maintain remission in UC[26,27]. Recently, 
fecal microbiota transplantation (FMT) has re-emerged 
as a hot research topic[28-30], largely due to its efficacy on 
the management of  recurrent Clostridium difficile infection 
(CDI). FMT is now recommended as an alternative to 
standard therapy with antibiotics for recurrent CDI[31,32]. 
Importantly, FMT may restore the balance of  intestinal 
microbiota, so it is also proposed as an alternative treat-
ment for IBD[33]. Thus so far, several case series have 
shown the efficacy of  FMT in refractory IBD, and IBD 
combined with CDI[34-37], but it is not clear whether FMT 
has potential therapeutic value for IBD patients with mild 
IBD. FMT clinical application in IBD still leaves many 
unanswered questions. FMT-related screening of  donor, 
fecal material preparation and administration is not stan-
dardized, and the defined microbial restoration mecha-
nisms and long-term safety of  FMT are still not clari-
fied[38,39]. Moreover, FMT researchers have to prepare and 
submit the complex investigational new drug applications 
in the future[40]. This study reviews the present literature 
concerning the potential microbial pathogenesis in IBD, 
particularly FMT and its role in the management of  IBD. 

POTENTIAL MICROBIAL PATHOGENS IN 
IBD
Many studies have investigated the specific microbial 
pathogens contributing to the onset of  IBD; however, 
no definitive pathogens have been confirmed[10]. The po-
tential bacterial, fungal or viral pathogens related to IBD 
are listed in Table 1. Mycobacterium avium subspecies paratu-
berculosis can colonize the ileal mucosa of  CD patients[19], 
which has been often linked to the etiology of  CD, but 
with no conclusive evidence to its involvement[41-43]. 
Moreover, Escherichia coli (E. coli) strain LF82 was isolated 
from the ileum of  CD patients[18]. Several studies have 
shown that CD patients have a higher prevalence of  
adherent-invasive E. coli (AIEC) in ileal lesions, which 
indicates a specific association of  AIEC with CD[20,44]; 
higher expression of  the outer membrane porin C of  
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Table 1  Possible microbial pathogens associated with 
inflammatory bowel disease 

Mycobacterium avium subspecies paratuberculosis[19,126,127]

Adherent-invasive Escherichia coli[18,44,45,128]

Clostridium difficile[107,129,130]

Candida albicans[21,49]

Helicobacter sp.[131-133]

Campylobacter sp., such as Campylobacter jejuni and Campylobacter 
concisus[134-136]

Salmonella sp.[135]

Klebsiella sp.[137]

Yersinia sp.[138]

Listeria sp.[139]

Fusobacterium sp.[140]

Methanosphaera stadtmanae[141]

Bacteroides fragilis[142]

Norovirus[143]



AIEC can be observed in patients with CD[45]. AIEC 
proliferation has also been found in the colonic mucosa 
of  UC patients[46]. Although the enhanced adherence and 
invasion of  AIEC is present among IBD patients, the 
potential mechanisms between AIEC and IBD still need 
to be clarified. Furthermore, CDI is common among 
IBD patients, and similar symptoms between CDI and 
IBD makes it difficult to distinguish between them[47]. 
CDI can activate the intestinal proinflammatory response 
and is responsible for the development or exacerbation 
of  IBD. IBD itself  may contribute to the increased risk 
of  CDI[47]. However, there is no clear evidence that CDI 
precedes IBD. Much evidence has shown that fungal 
pathogens may be involved in the pathogenesis of  IBD, 
especially CD[1]. Anti-Saccharomyces cerevisiae antibodies 
(ASCAs) as one of  the serological markers for CD can 
also be induced by Candida albicans (C. albicans)[7,48]. C. al-
bicans can be isolated from the intestine more frequently 
in CD patients and their healthy relatives, but the positive 
association between ASCAs level and the amount of  C. 
albicans in CD is still controversial[49,50]. Inhibition of  in-
terleukin (IL)-17A by secukinumab is ineffective in active 
CD patients[51], which may be linked to C. albicans thriving 
in the gut induced by loss of  control by IL-17[52]. In addi-
tion, large amounts of  Candida sp. can also be detected in 
the feces or intestinal mucosa among UC patients[50], and 
the clinical symptoms and intestinal inflammation may 
be improved after antifungal treatment. Although many 
studies have shown a higher prevalence of  pathogenic 
microbes in IBD, no specific pathogenic microbe has 
been identified to date, and the cause and consequence 
relationship of  the single pathogenic microbe and IBD 
development is still controversial. Increasing evidence has 
confirmed that the disturbance of  the intestinal microbial 
community may be responsible for the pathogenesis of  
IBD.

DISTURBANCE OF INTESTINAL 
MICROBIOTA IN IBD
With the development of  culture-independent tech-
niques such as metagenomic analysis, the disturbance 
of  intestinal microbiota associated with IBD has been 
better described. This includes the involvement of  the 
feces/colonic mucosa-associated microbiota, inflamed 
lesions-/normal mucosa-related microbiota[53], and even 
the intestinal microbiota in IBD remission and relapse[54]. 
Although the conclusions about the altered intestinal mi-
crobiota are still uncertain, more consistently observed 
alterations of  intestinal bacterial microbiota linked to 
IBD have been reported. The decrease in biodiversity and 
depletion of  the phyla Bacteroidetes and Firmicutes can be 
observed in feces/mucosa-associated microbiota among 
IBD patients[2,55,56]. The bacterial communities in the in-
testine are significantly different between UC and CD 
patients and healthy individuals[57,58]. Furthermore, at the 
genus level, many potentially protective bacteria and nor-
mal anaerobic bacteria such as Bacteroides sp., Eubacterium 

sp. and Lactobacillus sp., are significantly decreased both 
in active UC and CD patients, and even in patients with 
inactive IBD[59-68]. In addition, the abnormal metabolites 
of  intestinal bacterial microbiota can also contribute to 
the pathogenesis of  IBD[69,70]. For example, butyric acid, 
which is the main energy source of  the intestinal epithelial 
cells, can inhibit the signal pathway of  proinflammatory 
cytokines. Butyrate-producing bacteria and their culture 
supernatants can improve the intestinal inflammation and 
necrosis in the animal model of  colitis[71]. In parallel, some 
studies have confirmed that the levels of  some butyrate-
producing bacteria (e.g., Clostridium clusters Ⅳ and ⅩⅣa) 
and the availability of  butyrate reduced significantly in UC 
patients[11,72]. Moreover, the metabolic activity of  intestinal 
microbiota in UC is disturbed, with increased levels of  
taurine and cadaverine[73]. Until now, the highly reproduc-
ible profiles of  intestinal microbiota established for IBD 
patients have been limited. Recently, one study based on a 
phylogenetic network analysis showed that the human in-
testinal mucosal bacterial community could be organized 
into five preserved microbial modules and two IBD-
associated microbial modules displayed enhancement of  
the oxidative response and glycan metabolism pathways 
relevant to host-pathogen interactions[25].

The fungal communities are also important com-
ponents of  microbiota in the human GI tract; most of  
which have co-evolved with the host in a symbiotic re-
lationship[21]. Early studies based on culture-dependent 
methods reported that fungi were detected in the diges-
tive tract of  70% of  healthy adults[74], and the number 
of  fungi in the human colon is 102-106 cfu/mL; most 
of  which are aerobic or facultatively anaerobic. Recently, 
metagenomic analysis of  124 individuals reported that 
only 0.1% of  microbial genes in feces were of  eukary-
otic or viral origin[2], which was consistent with previous 
reports of  intestinal microbiome accounting for 0.03% 
of  the fecal microbiota[75]. There is limited information 
available about the prevalence and classification of  the 
intestinal fungal microbiota. The study of  the fungal 
microbiota is in its infancy, and much remains to be 
determined[75]. There were significant differences in fun-
gal communities related to IBD compared to non-IBD 
controls. The fungal sequences could be detected in the 
colonic mucosa of  all IBD patients, and the diversity of  
the intestinal microbiome increased clearly among IBD 
patients, but the proportion of  microbiome in the whole 
intestinal microbiota was low[75]. Moreover, whether the 
intestinal microbiome interacts with the mucosal immune 
system or influences intestinal disorders is unknown. 
Recently, a study connected intestinal fungal microbiota 
with the host immune system through Dectin-1 in a mice 
model of  dextran-sulfate-sodium-induced colitis[1], which 
confirmed the fungal etiology in IBD. 

Overall, the diversity and abundance of  intestinal 
bacterial microbiota are reduced in IBD, and the bacte-
rial microbiota metabolites are also disturbed. However, 
a specific IBD microbiota has not yet been revealed, 
which might in part be because of  inter-individual vari-
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vestigated whether the present probiotic products could 
be a treatment option in IBD. Some bacterial strains of  
Lactobacillus sp.[78,79], Bifidobacterium sp.[80,81], Escherichia sp. 
(e.g., E. coli Nissle 1917)[82,83], and the fungal strain Sac-
charomyces boulardii (S. boulardii)[84,85], are the most common 
investigated probiotics in the treatment of  IBD. In ad-
dition, except for the single probiotic strain, some pro-
biotic combinations such as VSL#3, an eight probiotic 
consisting of  four strains of  Lactobacillus, three strains of  
Bifidobacterium, and one strain of Streptococcus, have shown 
efficacy by maintenance of  remission both in adults and 
children with active IBD[86-88]. 

According to the efficacy of  probiotics in UC, pa-
tients may experience fewer relapses when probiotics of  
Lactobacillus sp. are added to their usual therapies or when 
they cannot tolerate standard medications[89]. In addition, 
E. coli Nissle is an effective alternative to aminosalicylates 
for maintenance of  UC remission[82,83]. Administration 
of  S. boulardii during maintenance treatment with me-
salazine induced clinical remission in 71% of  patients 
with active mild to moderate UC[85]. Moreover, VSL#3 
resulted in a combined induction of  remission/response 
rate of  77% among patients with active mild to moderate 
UC and who did not respond to conventional therapy[87]. 
Furthermore, the effects of  probiotics on pouchitis are 
by far the most convincing data. VSL#3 is more effective 
than placebo for prevention and treatment of  pouchitis 
for postoperative UC patients[90]. Overall, a Cochrane 
review showed that conventional therapy combined with 
probiotics has few beneficial effects on the induction of  
remission in active mild to moderate UC, but probiotics 
may be useful in the maintenance of  remission in non-
active UC and in the prevention of  postoperative recur-
rence; the outcomes from the present clinical trials on 
probiotics in UC need to be confirmed. On the other 
hand, current data show that S. boulardii has no benefi-
cial effects on maintaining remission in CD patients[84], 
but might lead to fewer relapses when combined with 
mesalamine[91]. Moreover, probiotics of  Lactobacillus sp. 
cannot prevent postoperative relapse of  CD[78,92]. There is 
insufficient evidence to draw any conclusions about the 
efficacy of  probiotics for induction or maintenance of  
CD remission[27]. Importantly, Faecalibacterium prausnitzii (F. 
prausnitzii) identified as a butyrate-producing species, may 
contribute to the gut homeostasis and play a protective 
role in IBD, especially in CD[71]. The levels of  F. prausnit-
zii in feces and intestinal mucosal biopsies decrease both 
in CD and UC[93-96], and the lower level of  F. prausnitzii 
on the ileal mucosa of  CD patients is associated with 
recurrence. However, one study showed an increased 
level of  F. prausnitizii in mucosal biopsies associated with 
reduced bacterial diversity in pediatric CD[97]. Generally, F. 
prausnitzii is a potential and promising probiotic, and its 
protective role in IBD is worthy of  investigation.

In summary, the clinical efficacy of  the present pro-
biotic products in the treatment of  IBD is modest; they 
are currently used only as supplements in IBD treatment, 
and not as alternatives or substitutes for conventional 

ability, different IBD characteristics or subtypes, and 
different data analysis methods. In addition, whether the 
microbiota pathogenesis is the initiating factor in IBD or 
is secondary to IBD still cannot be answered. Moreover, 
further studies based on fungal high-throughput DNA 
sequencing should be conducted on whether the change 
of  the fungal community structure is secondary to the 
imbalance of  the intestinal bacterial community, or inde-
pendent pathogenic factors of  IBD.

HOST-MICROBE IMMUNE INTERACTIONS 
IN IBD
The human immune system is usually tolerant of  the 
commensal microbiota colonized in the GI tract. Abnor-
mal activation of  the host immune response against the 
imbalanced intestinal microbiota may be the potential 
pathogenesis mechanism of  IBD[76]. Additionally, an ab-
normal intestinal microbiota offers persistent stimulation 
of  the immune system in individuals who are genetically 
susceptible to IBD, which results in dysfunction in im-
mune tolerance and regulation. The resulting chronic in-
testinal inflammation in the GI tract can initiate intestinal 
lesions and lead to IBD-associated symptoms. Intestinal 
mucosal epithelial cells are continuously exposed to the 
intestinal microbiota, and they can recognize various 
cell wall components of  pathogenic and commensal 
microbes, which are the main sources of  pathogen-asso-
ciated molecular patterns. The pattern recognition recep-
tors (PRRs) on intestinal cells include Toll-like receptors 
(TLRs)[77], NOD-like receptors (NLRs) and C-type lectin 
receptors (CLRs), which are essential for a human host 
to recognize endogenous/exogenous microbes, and trig-
ger and maintain intestinal mucosal innate and acquired 
immunity. The immune responses mediated by PRRs on 
intestinal cells include microbial binding and phagocyto-
sis; induction of  antimicrobial effect or mechanisms; and 
the production of  endogenous antimicrobial peptides, 
cytokines and chemokines. Moreover, the majority of  
IBD-related genetic susceptibility loci are associated with 
PRRs. For example, the polymorphisms in NOD2 have 
been identified to increase the risk of  CD in western 
populations, and the polymorphisms in TLRs are associ-
ated with UC and CD. In addition, CLRs such as Dec-
tin-1 can contribute to the recognition of  intestinal fungi 
and influence the immune function of  intestinal mucosa 
in UC[1]. 

CLINICAL USE OF PROBIOTICS IN IBD
The intestinal dysbiosis in IBD has been confirmed by 
molecular techniques, and there is a compelling rationale 
for modulating the altered intestinal microbiota among 
IBD patients. Animal studies have confirmed that pro-
biotics enhance the intestinal mucosal barrier function, 
regulate intestinal mucosal immunity, recover intestinal 
microbial community structure, and improve chronic 
intestinal inflammation. Clinical trials in humans have in-
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therapy. The application of  probiotics should be based 
on the principles of  evidence-based medicine, but well-
designed randomized controlled trials (RCTs) are lacking. 
Further appropriate study designs and larger numbers of  
patients will be needed to determine the optimal probiot-
ics for IBD.

INDICATIONS FOR FMT
FMT, also called stool/fecal transplantation or fecal 
bacteriotherapy, refers to infusion or engraftment of  a 
homogenized fecal suspension from a healthy individual 
into the GI tract to cure a specific disease[29,32,98]. Due to 
the elucidation of  the composition and function of  in-
testinal microbiota by the development of  metagenomics 
studies, many researchers have begun to explore thera-
peutic interventions in human diseases associated with 
intestinal dysbiosis from the viewpoint of  microecology. 
Although various probiotics, prebiotics and synbiotics 
have been administrated in clinical practice, most are 
recommended as supplementary treatments due to poor 
therapeutic effects and the limited number of  available 
strains. So far, only the preliminary application of  FMT 
exhibits marked clinical effectiveness, especially in the 
treatment of  recurrent CDI and IBD[30,33,99,100]. Tradition-
ally, CDI is mainly treated with antibiotics such as van-
comycin and metronidazole. However, the therapeutic 
effect is poor due to the drug resistance of  C. difficile. The 
recurrence rate of  CDI is much higher, and can be up to 
15%-26%[101]. FMT can be considered to replace antibi-
otics for recurrent and refractory CDI that has relapsed 
more than three times[31]. A recent RCT about FMT 
suggested that 81% of  recurrent CDI patients achieved 
remission of  symptoms after FMT, while only 31% of  
patients receiving only vancomycin treatment exhibited 
symptom remission[102]. A multicenter long-term follow-
up study on FMT treatment of  recurrent CDI through 
a colonoscopy route demonstrated a 91% primary cure 
rate and 98% secondary cure rate[101]. A recent systematic 
review showed that FMT could achieve clinical remission 
in 63% of  IBD patients, while 76% of  the patients could 
stop taking IBD-related drugs and their GI symptoms 
were reduced[33]. Several preliminary studies using FMT 
for GI disorders including irritable bowel syndrome, an-
tibiotic-associated diarrhea and chronic constipation have 
also met with some success. In addition, non-GI disor-
ders such as diabetes mellitus and insulin resistance[103], 
metabolic syndrome, childhood autism, chronic fatigue 
syndrome, multiple sclerosis, fibromyalgia, myoclonus 
dystonia and Parkinson’s disease are reported to be im-
proved and cured with FMT[39,104]. 

FMT IN THE MANAGEMENT OF IBD
The treatment of  IBD is rapidly evolving, and many 
conventional and novel drug treatments have proven ef-
fective, including aminosalicylates, steroids, immunosup-
pressive agents and biological therapies. However, some 

patients become refractory to standard management, and 
some have significant adverse effects, with many patients 
requiring surgery. Despite medical treatment, a significant 
number of  patients live with mild active symptoms and 
have a poor quality of  life. Given the role of  the intes-
tinal microbiota in driving inflammation in IBD, treat-
ments that manipulate the microbiota have been investi-
gated including the use of  probiotics and prebiotics, with 
variable evidence for their efficacy. FMT is becoming an 
alternative microbiota treatment for IBD with astounding 
efficacy. 

The main case series and case reports of  FMT for 
IBD treatment are shown in Table 2. The first case report 
of  FMT for IBD was published in 1989, in which the 
author himself  confirmed UC for 7 years that was refrac-
tory to sulfasalazine and steroids. Six months after trans-
plantation of  a healthy donor stool by retention enemas, 
he remained symptom free[34]. Moreover, a case series 
of  six patients with refractory UC apparently achieved 
complete, medication-free remission after FMT with no 
disease recurrence after 1-13 years follow-up[35]. Recently, 
a system evaluation reported that FMT could achieve 
clinical remission in 63% of  IBD patients, while 76% of  
patients could stop taking IBD-related drugs and their GI 
symptoms were reduced[33]. However, a study including 
five patients with moderate to severe active UC showed 
that none of  them achieved remission after FMT by week 
12, and a positive clinical response was observed only in 
one patient[105]. The poor response in that study may have 
been associated with the severity of  UC itself, rather than 
the optimal administration of  FMT. FMT may be an op-
timal treatment for refractory IBD with no response to 
current conventional therapy, such as anti-inflammatory 
agents, steroids, immunosuppressive and biological drugs. 
For refractory IBD, continuously repeated FMT is need-
ed to cure or achieve effective remission[38]. However, no 
unified standard exists in the procedures of  FMT treat-
ment in IBD. In addition, CDI is common among IBD 
patients with an incidence of  3.7%[106]. Once combined 
with CDI, the severity of  IBD can be aggravated, while 
the recurrence rate of  CDI can be increased[107]. There 
is no standard therapy for UC combined with CDI. For 
example, vancomycin and metronidazole would be pre-
ferred but with poor efficacy, and it remains controversial 
whether IBD-related therapeutics should be continuously 
used. FMT may be a viable therapeutic approach for IBD 
combined with CDI. Recently, one study evaluated the 
feasibility and safety of  FMT in 10 children with UC. 
After FMT by retention enemas (freshly prepared fecal 
enemas) daily for 5 d, 78% and 67% of  patients achieved 
a clinical response within 1 wk and 1 mo, respectively[108]. 
Overall, studies of  FMT in IBD are rare and restricted to 
case series or reports, so the available evidence is limited 
and weak. However, FMT still has the potential to be an 
effective and safe treatment when standard IBD manage-
ment has failed. Compared with CD, the efficacy of  FMT 
in UC is more promising, but further investigation is 
required[33,39,109]. Moreover, except for refractory IBD, it is 
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not yet clear whether FMT has any potential therapeutic 
value for IBD patients induced into remission via conven-
tional medical therapy or those with mild IBD.

With regard to adverse events of  FMT in IBD treat-
ment, some patients may exhibit belching, abdominal dis-
tension, abdominal colic, diarrhea, constipation and other 
short-term symptoms. Fever and a temporary increase of  
C-reactive protein can develop transiently after FMT[105]. 
However, most of  these discomforts and symptoms dis-
appear within 2 d after transplantation[37]. Furthermore, 
other rare complications such as GI bleeding and perito-
nitis are mainly related to the endoscopic procedures in 
the process of  FMT. Few serious adverse events occur 
during treatment of  IBD by FMT, but it is noteworthy 
that IBD-related symptoms can be aggravated by FMT in 

some cases with moderate to severe UC[105]. Furthermore, 
one case report showed that FMT caused UC-related 
intestinal inflammation in one elderly male patient with 
CDI, who had been in long-term remission of  UC for > 
20 years without any UC-related treatment[110]. Moreover, 
the long-term follow-up data of  FMT such as infection, 
intestinal inflammation and tumors are still lacking, and 
need to be further investigated. Nevertheless, there are 
many impediments limiting the therapeutic potential of  
FMT in IBD[111], such as rare FMT trials in IBD, ethical 
and social issues, poor screening of  donors, no standard 
administration of  FMT, no standardized preoperative 
preparation and pretreatment, no standardized prepara-
tion of  fecal samples, and a lack of  FMT-related basic 
investigations. All the above-mentioned limitations will 

Table 2  Main case series and reports of fecal microbiota transplantation in inflammatory bowel disease treatment

Ref. IBD type (n) Stool
material

Volume
infusion

Infusion 
route

Frequency Donor 
relationship

Characteristics of outcomes

Bennet et al[34], 
1989

UC (1) NR NR Enema 1 NR Documents remission for 6 mo and cease 
medications

Borody et al[144], 
1989

UC (1) NR NR Enema NR NR Documented remission for 3 mo and cease 
medications.

Borody et al[35], 
2003

UC (6) Fresh 200-300 g/
200-300 mL

Enema 6 Related or 
unrelated

Documented remission from 1 to 13 yr and 
cease medications

Hamilton et al[112], 
2012

UC combined
with CDI (4)

Fresh or
frozen

220-240 mL Colonoscopy 1 Related or 
unrelated

Colitis activity was improved, and CDI was 
cured

Zainah et al[145], 
2012

UC combined 
with CDI (1)

Fresh 300 mL Colonoscopy 1 Related Documented symptom-free for 8 mo without 
CDI recurrence

Borody et al[146], 
2012

UC (3) Fresh NR Repeated 
rectal 

infusions

Daily 
infusion for 
2 to 6.5 mo

Related or 
unrelated

Documented improvement from 1 to 36 mo

Patel et al[147], 
2013

UC combined 
with CDI (3)

Fresh 18-397 g/
180-600 mL

Colonoscopy 1 Related or 
unrelated

Symptoms such as diarrhea improved or 
resolved 3 mo after FMT

Angelberger et al[105], 
2013

UC (5) Fresh 17-25 g/250 
mL +

6-12 g/100 mL

Nasojejunal 
tube + enema

3 Unrelated None of cases achieved remission, but only 
one case was response to FMT by week 12; 

two cases deteriorated 4 wk after FMT
Kump et al[148], 
2013

UC (6) Fresh 300-500 mL Colonoscopy 1 Unrelated Documented improvement, but no remission 
within 2 wk after FMT

De Leon et al[110], 
2013

UC combined 
with CDI (1)

Fresh 600 mL Colonoscopy 1 Related UC relapse 9 d after FMT

Kunde et al[108], 
2013

UC (10) Fresh 165 ml Enema 5 Related 78% and 67% subjects achieved clinical 
response within 1 wk and 1 mo after FMT, 

respectively
Borody et al[144], 
1989

CD (1) NR NR Enema NR NR Symptoms-free and receiving no medications 
4 mo after FMT

Grehan et al[118], 
2010

CD (1) Fresh 200-400 mL Colonoscopy 
+ enema

1 + 9 NR CD related improvement was not reported

Hamilton et al[112], 
2012

CD combined 
with CDI (6)

Fresh or
frozen

220-240 mL Colonoscopy 1 or 2 Related or 
unrelated

Two cases accepted the second FMT due to 
CDI recurrence, but the efficacy of FMT on 

CD was not reported
Patel et al[147], 
2013

CD combined 
with CDI (2)

Fresh 18-397 g/
180-600 mL

Colonoscopy
Upper 

endoscopy

2 Related or 
unrelated

CDI recurred in 1 case after the first FMT 
by colonoscopy, and a second FMT was 
performed by upper endoscopy; but the 
efficacy of FMT on CD was not reported

Gordon et al[109], 
2013

CD (1) Fresh NR NR NR Related Response to FMT for 6 mo and then relapsed

Quera et al[149], 
2013

CD combined 
with CDI (1)

NR NR Colonscopy NR NR Transient bacteremia occurred 24 h after 
FMT

Documented symptom-free 5 mo after FMT 
and CDI disappeared

Zhang et al[36], 
2013

CD (1) Fresh 150 mL Gastroscope 1 Related Documented clinical remission for more than 
9 mo

FMT: Fecal microbiota transplantation; UC: Ulcerative colitis; CDI: Clostridium difficile infection; CD: Crohn’ disease; NR: Not reported.
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be discussed in the following sections.

BARRIERS AND FUTURE DIRECTIONS OF 
FMT CLINICAL PRACTICE IN IBD
Screening and selecting criteria for donors
Microbiota donation has a higher requirement for the 
screening of  donors in the management of  patients un-
dergoing FMT, compared with blood donation. The do-
nor must provide informed consent and detailed medical 
certificates including medical history, relevant examina-
tions, stool and serological testing. Currently, the donor’s 
inclusion and exclusion criteria are mainly from the self-
determined standards of  different studies and are more 
consistent overall, and are listed in Table 3. The feces and 
serological screening for common and known microbial 
pathogens are shown in Table 4. The donors are mainly 
selected from individuals who are closely related to the 
recipient including intimate partners, family members, 
and friends, whose microecological environment may be 
similar to that of  the recipient; therefore, a more positive 
outcome to FMT may be produced, at least theoretically. 
Most opinions are that the stools from relatives or friends 
of  the recipients show better efficacy compared with 
those from unrelated donors, and the difference in sex 
between donor and recipient had little impact on disease 
remission, but this conclusion is still lacking evidence[99]. 
Unrelated healthy individuals are also potential donors. 

Donor feces can be frozen and thawed without loss of  
effectiveness, enabling FMT-related microbiota bank-
ing[112]. In addition, the human intestinal microbiota can 
be divided into three types: Bacteroides, Prevotella and Ru-
minococcus by the high-throughput sequencing methods[24]. 
This means that matching enterotype between donor and 
recipient based on metagenomic analysis may improve 
the therapeutic efficacy of  FMT. At present, FMT from a 
healthy donor is mainly used to perform allogeneic FMT. 
The fecal samples are mainly obtained from a related 
or unrelated healthy donor, who must face the series of  
ethical issues in receiving another person’s feces, and the 
effects of  the donor’s intestinal microbiota on the intesti-
nal immune and pathophysiological functions are unclear 
without effective theoretical supports. For those patients 
with mild IBD, it may be good that the fecal samples can 
be collected and stored in the remission stage and offered 
to the same patients when they come into the active stage 
of  IBD. However, whether autologous or allogeneic 
FMT can relieve IBD-related clinical symptoms and in-
duce/maintain the remission of  IBD effectively is worthy 
of  further investigation. 

Preoperative preparation of donor and recipient 
At present, a standardized method of  IBD-related preop-
erative preparation for FMT has not been established[32]. 
The donor should be administered a gentle osmotic 
laxative the night before FMT, and should avoid any 
infections between screening and time of  donation. For 
the FMT recipient, large-volume bowel preparation (e.g., 
polyethylene glycol) is required regardless of  the route of  

Table 3  Donor selection for fecal microbiota transplantation

Absolute exclusion criteria[32,104,124]

   Failed to provide informed consent
   Systematic and local microbial infections 
   (e.g., pathogenic bacteria, virus, ova and parasites)
   Current communicable diseases 
   Malignancy and chemotherapeutics administration 
   Chronic gastrointestinal disorders
   Peptic ulcer diseases
   Gastroesophageal reflux disease
   GI polyposis
   Inflammatory bowel disease
   Irritable bowel syndrome
   Chronic constipation
   Traveler’s diarrhea 
   Current GI symptoms
   Antibiotics administration 
   Immunosuppressive agents and biological agents 
   Other medications impact on the gut microbiota (e.g., proton pump 
   inhibitor, prokinetic agents, steroids, aspirin, probiotics, etc.) 
   High-risk lifestyles (e.g., intravenous drug abuse, risk sexual 
   behaviors, etc.)
Relative exclusion criteria[32,104,124]

   Age < 18 and > 70 yr
   History of major GI surgery
   Metabolic syndrome
   Diabetes mellitus 
   Abnormal body mass index (< or > 18-25 kg/m2)
   Systemic autoimmune disease 
   Atopic diseases(e.g., asthma and eczema)
   Chronic pain syndromes 
   (e.g., chronic fatigue syndrome and fibromyalgia) 
   Neuropsychiatric diseases

Table 4  Donor screening for fecal microbiota transplantation

Common and entail serologic screening items[32,124]

   Blood routine 
   Blood biochemistry
   Human immunodeficiency virus-1 and -2 
   Hepatitis A, B and C virus 
   Syphilis
   Helicobacter pylori
   Human T lymphotropic virus
   Cytomegalovirus
   Epstein-barr virus
Common and entail stool screening items[32,124]

   Stool routine
   Clostridium difficile toxin A/B 
   Salmonella sp. 
   Shigella sp. 
   Campylobacter sp. 
   Escherichia coli O157 
   Staphylococcus aureus 
   Yersinia 
   Helicobacter pylori
   Vibrio parahaemolyticus and Vibrio cholerae
   Candida albicans
   Rotavirus 
   Cryptosporidium 
   Giardia 
   Cyclospora 
   Isospora 
   Ova and parasites
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FMT. In addition, GI motility inhibitors such as loper-
amide may be optional for the retention of  transplanted 
microbiota, and proton pump inhibitors should be given 
to recipients before FMT via upper GI routes. Important-
ly, current studies claim that IBD patients who intend to 
receive FMT need to receive antibiotic pretreatment[35,105], 
although it still needs to be verified whether antibiotic 
pretreatment is necessary. In animal models, antibiotic 
pretreatment before FMT can cause serious damage to 
the intestinal microbiota structure and may affect the in-
testinal colonization of  the donor’s microbiota[113]. 

Preparation of fecal samples 
Generally, the preparation of  fecal samples for IBD 
treatment can refer to the FMT guidelines for treat-
ing CDI[32]. FMT practitioners face many challenges in 
implementing protocols for donor fecal preparation in a 
clinic setting. Donor fecal samples should be kept in an 
airtight container and chilled. The samples should be de-
livered to the institution preferably within 6 h of  passage 
to undergo dilution with proper diluents such as normal 
saline, homogenization with a blender to achieve a liquid 
slurry, and filtration to remove particulate matter[39]. Sev-
eral issues should be noted during the fecal preparation. 
Initially, the majority of  studies utilized fresh fecal mate-
rial, which means that the fecal collection, preparation 
and transplantation should be performed on the day of  
planned FMT[102]. However, fresh fecal material for FMT 
is not always practical due to issues including delay caused 
by screening tests, sanitation and aesthetics. Several stud-
ies have confirmed that frozen donor fecal material has 
equal efficacy in the treatment of  recurrent CDI com-
pared with fresh fecal material[112]. The frozen material 
preparation should be processed within 2 h of  collection; 
the specific steps of  which are in accord with those of  
fresh fecal material; the finished fecal suspensions should 
be stored at -80  ℃ after adding sterile glycerol. On the 
day of  FMT, the frozen material is thawed and diluted 
with sterile normal saline[112]. Importantly, the frozen 
preparation is beneficial to establish the FMT-related gut 
microbiota banks.

In addition, the ideal volume of  fecal material for in-
stillation has not been standardized. A systematic review 
showed that > 500 mL of  fecal suspensions allowed 97% 
of  patients with recurrent CDI to achieve remission, while 
only 80% of  patients obtained remission with 200 mL of  
fecal suspensions[99]. However, it is difficult to standard-
ize the procedure due to the different diluted concentra-
tions of  fecal material. Use of  < 50 g fecal material may 
increase the relapse rate of  CDI by four times compared 
with > 50 g fecal material[99]. Overall, practitioners who 
regularly perform FMT favor 50-60 g of  250-300 mL di-
luent, respectively[104]. Larger volumes (e.g., 250-500 mL) 
should be used for delivery from the lower GI tract (e.g., 
via colonoscopy or enema), and smaller volumes (e.g., 
25-50 mL) should be used for delivery from the upper 
GI tract (e.g., via a nasoenteric or nasogastric tube). FMT 
practitioners prefer normal saline, sterile water or 4% milk 

to dilute the stool sample at present, but which is the opti-
mal diluent still needs to be investigated[99]. 

Route of FMT administration 
FMT is mainly performed via the lower GI route, includ-
ing colonoscopy and retention enema, and/or via the up-
per GI route such as nasoenteric tube, nasogastric tube 
and gastroduodenoscopy. To date, approximately 75% 
of  cases with recurrent CDI worldwide are administered 
with FMT via the lower GI tract and 25% via the upper 
GI route[104]. FMT via the lower GI tract may be more ef-
fective than via the upper GI tract, although this has yet 
to be validated[99,100]. Until 1989, retention enema was the 
most common technique for FMT; however, various al-
ternative methods including nasoenteric tube, gastrosco-
py and colonoscopy have been used subsequently. A re-
cent long-term follow-up study that involved 77 patients 
with recurrent CDI showed that colonoscopic FMT was 
well received by participants and was highly successful, 
with an overall primary cure rate of  91% and a second-
ary cure rate of  98%[101]. Moreover, a systematic review 
showed that colonoscopic FMT had a higher cure rate 
(91%) for recurrent CDI, compared with the other upper 
GI routes[99]. Colonoscopic FMT has even been proposed 
as first-line therapy for the treatment of  CDI[114]. For 
example, the fecal suspensions are sprayed through the 
biopsy channel of  colonoscopy from the terminal ileum, 
while the colonoscopy is slowly removed until approxi-
mately 500 mL of  fecal suspensions thoroughly perfuse 
the colon. Patients should avoid defecation within 1 h 
after FMT. In patients with severe colitis and significant 
colonic distention, colonoscopy may be technically chal-
lenging and potentially dangerous. Until now, few studies 
have directly compared routes of  FMT administration. 

A recent RCT demonstrated that 81% of  patients 
had resolution of  recurrent CDI after the first FMT by 
duodenal infusion[102]; the remarkable cure rate by the na-
soenteric tube matched that of  colonoscopic FMT. FMT 
through the upper digestive tract is easy to perform and 
has a low risk, but it remains unclear whether donor fecal 
material can be distributed throughout the full colon and 
increase the risk of  small intestinal bacterial overgrowth. 
According to the optimal FMT route for IBD, a study 
that involved IBD cases worldwide showed that up to 
80% of  IBD patients were administered FMT by colo-
noscopy and/or retention enema[33]. Overall, there are 
many unanswered questions regarding the best route of  
administering FMT; the standardized and optimal route 
for FMT is determined by the needs and status of  the 
patients, and the intestinal microbiota characteristics[103]. 

Potential therapeutic mechanisms of FMT 
Theoretically, the fecal suspension from a healthy do-
nor can reconstruct the damaged intestinal microbiota, 
restore the intestinal colonization resistance and defend 
against colonization and infection with C. difficile and 
other pathogenic microorganisms. Thus, the imbalanced 
structure and function of  the intestinal flora is restored 
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to improve the relevant clinical symptoms. However, 
the beneficial changes in the intestinal flora generated 
by FMT and its potential mechanisms are still not clear. 
Recently, high-throughput sequencing and bioinformatics 
techniques have been widely applied to describe the in-
testinal microbial community structure and functions. So 
far, only a few studies have been conducted that aim to 
analyze the restoring mechanisms of  FMT on the recipi-
ent’s damaged intestinal microbiota. Several studies based 
on the bacterial 16S rDNA-based sequencing analysis 
in recurrent CDI patients found that the diversity and 
richness of  fecal microbiota was clearly reduced[115-117]. 
The significant changes in Clostridiales and Lactobacillales 
from the phylum Firmicutes, and Enterobacteriales from the 
phylum Proteobacteria could be observed between recur-
rent CDI and post-FMT patients and healthy donors[116]. 
The fecal microbiota of  recurrent CDI patients becomes 
more similar to that of  healthy donors after FMT, which 
means that FMT has a permanent action in improv-
ing the damaged intestinal microbiota and the clinical 
symptoms of  the recipient[116,117]. Moreover, the recon-
structive efficacy of  FMT can be maintained for a long 
time and last for 24 wk[118]. Recently, one study based on 
the 16S rDNA pyrosequencing showed that abundant 
donor-related bacterial microbiota could be established 
in UC recipients, but the efficiency and stability of  donor 
microbiota colonization varied greatly[105]. Several anti-
inflammatory and/or short-chain-fatty-acid-producing 
species such as F. prausnitzii, Rosebura faecis and Bacteroides 
ovatus were only able could colonize successfully in one 
UC patient with a positive clinical response after FMT 
for up to 12 wk[105]. Overall, the influence of  FMT on 
the structure/stability of  the intestinal microbiota in 
IBD patients remains unclear. More longitudinal human 
and animal studies are needed to verify the permanent 
reshaping mechanism of  FMT. At present, metagenomic 
analysis combined with germ-free animals, human flora-
associated animals, and the chemostat gut models in vitro 
can be used to investigate the mechanism of  FMT-related 
restoring of  intestinal microbiota. 

An investigational new drug application for FMT 
Recently, the US Food and Drug Administration (FDA) 
has tightened the regulations of  FMT, because the com-
plex nature of  the fecal microbiota products present 
specific scientific and regulatory challenges. FDA has an-
nounced that fecal microbiota collected from healthy in-
dividuals is a biologic product, meaning physicians must 
submit an investigational new drug (IND) application. 
However, published data have confirmed the astounding 
efficacy of  FMT, which may be the best therapeutic mo-
dality for the treatment of  recurrent CDI. 

Physicians and scientists are concerned that it is no 
easy task to file the IND application for FMT practitio-
ners, which could make FMT unavailable and suggest an 
alternative regulatory approach to ensure the widespread 
availability of  FMT for those patients with recurrent 
CDI. FDA has acknowledged these concerns and has 

published the alternative enforcement discretion regard-
ing the IND requirements for the use of  FMT to treat 
CDI not responding to standard therapies. FDA intends 
to exercise this discretion provided that the FMT prac-
titioners obtain adequate informed consent for the use 
of  FMT products, stating that FMT products to treat 
CDI are investigational drugs, and explaining any po-
tential risks for FMT treatment. Unfortunately, the use 
and study of  FMT for diseases or conditions other than 
CDI is not included in this enforcement discretion policy. 
Therefore, physicians wishing to ensure access to FMT 
for IBD or other conditions need to file an IND ap-
plication. Recently, several articles provided step-by-step 
guidance to physicians on how to navigate the regulatory 
requirements of  FDA and prepare the IND application 
for FMT[40,119]. The use of  an IND will also allow collec-
tion of  more data on the efficacy and safety of  FMT and 
likely further support its use. Except for the application 
of  IND, the clinical application of  FMT in IBD still faces 
many issues. Once these issues are addressed, standard-
ized clinical trials can move forward with the hope of  not 
only increasing access to FMT but also developing a well-
tolerated and reliable drug that decreases any potential 
long-term consequences from FMT.

Patients’ attitudes toward FMT 
Patients are a powerful evolutionary force, whose percep-
tions and attitudes are important for the clinical applica-
tion of  FMT. A survey showed that up to 95% of  adult 
UC patients and parents of  children with UC would con-
sider FMT and are eager for it to become available[120,121]. 
Moreover, a long-term follow-up study among patients 
who had FMT for recurrent CDI showed that 97% of  
patients were willing to receive another FMT once CDI 
occurred in the future, and 53% of  patients claimed to 
choose FMT as the first treatment option for substitu-
tion of  antibiotics[101]. Another survey reported that when 
aware of  the fecal nature of  FMT, 81% of  patients still 
consider it as an alternative treatment for recurrent CDI, 
especially when recommended by physicians[122]. Patients 
recognize the inherently unappealing nature of  FMT, but 
they are nonetheless open to considering it as an alter-
native treatment for recurrent CDI. Overall, the strong 
willingness of  patients has important implications for the 
clinical application of  FMT and the other microbiota-
based treatments in the future. 

Synthetic microbiota transplantation
Emerging data showed that two recurrent CDI patients 
were cured by synthetic microbiota transplantation (SMT) 
instead of  FMT; the synthetic stool was composed of  33 
bacterial strains isolated from the feces of  an unrelated 
donor, grown in culture and subsequently administered as 
a suspension in sterile normal saline[123]. SMT composed 
of  large numbers of  well-defined bacterial strains derived 
from stools, combined with FMT, can be defined as mi-
crobial ecosystem therapeutics[124]. Recently, the concept 
of  “Robogut” has been proposed[28], which is actually 
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a type of  chemostat. The chemostat in vitro mimics the 
human gut, even the whole GI tract, and is mainly com-
posed of  complex media, a pH and temperature monitor, 
anaerobic gas, and a stirrer[28]. 

For several decades, microbial ecologists have been 
trying to develop a chemostat resembling the human gut, 
in which a probiotic gut microenvironment consisting 
of  beneficial anaerobic microbial species by the continu-
ous culture can be manufactured[125]. SMT based on the 
chemostat resembling the human gut can be viewed as 
the next logical step in the development of  microbiota 
therapeutics. For example, if  the beneficial bacterial spe-
cies could be cultured artificially and combined into flora 
with optimal proportion and magnitude to achieve stan-
dardized SMT, the safety and controllability of  bacterial 
origin can be ensured, thus enabling effective quality con-
trol and reducing the process of  screening donor. More-
over, the synthetic bacteria can be made of  freeze-dried 
powder or capsules in the future to restore the disturbed 
intestinal microbiota, thereby curing those conditions as-
sociated with gut dysbiosis.

CONCLUSION
Evidence from animal and human studies strongly sup-
ports the role of  intestinal microbiota in the etiology of  
IBD. The single microbial pathogen in IBD is still un-
defined, which may not contribute to the onset of  IBD. 
However, many studies based on culture-independent 
techniques have confirmed aberrant intestinal microbiota 
and its metabolites in patients with IBD, although wheth-
er the intestinal microbiota is the initiating factor in IBD 
or is secondary to IBD is still not resolved. The present 
single or combined probiotic products have modest effi-
cacy in IBD treatment; most of  which are supplementary 
therapeutics. FMT is the most radical way to restore the 
disturbed homeostasis of  intestinal microbiota in IBD, 
but there has been no consensus regarding the selection 
and screening of  donors, the optimal volume and route 
of  administration, pretreatment and preparation before 
transplantation, efficacy durability and long-term safety 
profiles. In addition, studies on the mechanisms of  FMT 
for the recovery of  intestinal microbial homeostasis and 
host immunity are still lacking, thus not providing ade-
quate theoretical support for clinical application of  FMT. 

Currently, FMT application is mainly driven by its 
remarkable efficacy and the strong demand of  clinicians 
and patients, while institutions have not paid much atten-
tion to FMT, especially in technological innovation for 
the preparation of  fecal microbiota products. Moreover, 
many case series have shown the clinical efficacy of  FMT 
in the management of  refractory IBD; several controlled 
clinical trials have been registered (www.clinicaltrials.gov) 
and are underway to evaluate the efficacy of  FMT in 
IBD. The hypothesis that whether autologous or alloge-
neic FMT can induce and maintain persistent remission 
of  mild IBD needs to be confirmed by animal models 
and pilot clinical trials. At present, data related to the use 

and study of  FMT to treat IBD other than CDI are still 
limited. Compared with FMT in CDI treatment, FMT in 
the management of  IBD has to face more rigorous IND 
application. In addition, SMT as a promising microbiota 
therapeutic option should also be evaluated rigorously 
by germ-free and human flora-associated animal mod-
els, and the chemostat gut model in vitro may also be an 
excellent technique for the evaluation and production of  
SMT. Microbiota pathogenesis and therapeutics in IBD is 
a promising field, and identification and resolution of  key 
issues are imperative to move this field forward.

REFERENCES
1	 Iliev ID, Funari VA, Taylor KD, Nguyen Q, Reyes CN, 

Strom SP, Brown J, Becker CA, Fleshner PR, Dubinsky M, 
Rotter JI, Wang HL, McGovern DP, Brown GD, Underhill 
DM. Interactions between commensal fungi and the C-type 
lectin receptor Dectin-1 influence colitis. Science 2012; 336: 
1314-1317 [PMID: 22674328 DOI: 10.1126/science.1221789]

2	 Qin J, Li R, Raes J, Arumugam M, Burgdorf KS, Manichanh 
C, Nielsen T, Pons N, Levenez F, Yamada T, Mende DR, Li J, 
Xu J, Li S, Li D, Cao J, Wang B, Liang H, Zheng H, Xie Y, Tap J, 
Lepage P, Bertalan M, Batto JM, Hansen T, Le Paslier D, Lin-
neberg A, Nielsen HB, Pelletier E, Renault P, Sicheritz-Ponten 
T, Turner K, Zhu H, Yu C, Li S, Jian M, Zhou Y, Li Y, Zhang 
X, Li S, Qin N, Yang H, Wang J, Brunak S, Doré J, Guarner F, 
Kristiansen K, Pedersen O, Parkhill J, Weissenbach J, Bork P, 
Ehrlich SD, Wang J. A human gut microbial gene catalogue 
established by metagenomic sequencing. Nature 2010; 464: 
59-65 [PMID: 20203603 DOI: 10.1038/nature08821]

3	 Eckburg PB, Bik EM, Bernstein CN, Purdom E, Dethlefsen L, 
Sargent M, Gill SR, Nelson KE, Relman DA. Diversity of the 
human intestinal microbial flora. Science 2005; 308: 1635-1638 
[PMID: 15831718 DOI: 10.1126/science.1110591]

4	 Wang ZK, Yang YS, Stefka AT, Sun G, Peng LH. Review ar-
ticle: fungal microbiota and digestive diseases. Aliment Phar-
macol Ther 2014; 39: 751-766 [PMID: 24612332 DOI: 10.1111/
apt.12665]

5	 Kennedy RJ, Hoper M, Deodhar K, Erwin PJ, Kirk SJ, Gardin-
er KR. Interleukin 10-deficient colitis: new similarities to hu-
man inflammatory bowel disease. Br J Surg 2000; 87: 1346-1351 
[PMID: 11044159 DOI: 10.1046/j.1365-2168.2000.01615.x]

6	 Saleh M, Elson CO. Experimental inflammatory bowel 
disease: insights into the host-microbiota dialog. Im-
munity 2011; 34: 293-302 [PMID: 21435584 DOI: 10.1016/
j.immuni.2011.03.008]

7	 Fichera A, McCormack R, Rubin MA, Hurst RD, Michelassi 
F. Long-term outcome of surgically treated Crohn’s colitis: a 
prospective study. Dis Colon Rectum 2005; 48: 963-969 [PMID: 
15785882 DOI: 10.1007/s10350-004-0906-3]

8	 Rutgeerts P, Goboes K, Peeters M, Hiele M, Penninckx F, 
Aerts R, Kerremans R, Vantrappen G. Effect of faecal stream 
diversion on recurrence of Crohn’s disease in the neotermi-
nal ileum. Lancet 1991; 338: 771-774 [PMID: 1681159]

9	 Manichanh C, Borruel N, Casellas F, Guarner F. The gut mi-
crobiota in IBD. Nat Rev Gastroenterol Hepatol 2012; 9: 599-608 
[PMID: 22907164 DOI: 10.1038/nrgastro.2012.152]

10	 Sartor RB. Microbial influences in inflammatory bowel dis-
eases. Gastroenterology 2008; 134: 577-594 [PMID: 18242222 
DOI: 10.1053/j.gastro.2007.11.059]

11	 Thibault R, Blachier F, Darcy-Vrillon B, de Coppet P, Bour-
reille A, Segain JP. Butyrate utilization by the colonic mu-
cosa in inflammatory bowel diseases: a transport deficiency. 
Inflamm Bowel Dis 2010; 16: 684-695 [PMID: 19774643 DOI: 
10.1002/ibd.21108]

12	 Sartor RB. Therapeutic manipulation of the enteric micro-

Wang ZK et al . Microbiota pathogenesis and IBD therapeutics



14815 October 28, 2014|Volume 20|Issue 40|WJG|www.wjgnet.com

flora in inflammatory bowel diseases: antibiotics, probiotics, 
and prebiotics. Gastroenterology 2004; 126: 1620-1633 [PMID: 
15168372]

13	 Brigidi P, Swennen E, Rizzello F, Bozzolasco M, Matteuzzi D. 
Effects of rifaximin administration on the intestinal micro-
biota in patients with ulcerative colitis. J Chemother 2002; 14: 
290-295 [PMID: 12120885 DOI: 10.1179/joc.2002.14.3.290]

14	 Prideaux L, Kamm MA, De Cruz PP, Chan FK, Ng SC. In-
flammatory bowel disease in Asia: a systematic review. J 
Gastroenterol Hepatol 2012; 27: 1266-1280 [PMID: 22497584 
DOI: 10.1111/j.1440-1746.2012.07150.x]

15	 Barrett JC, Hansoul S, Nicolae DL, Cho JH, Duerr RH, Rioux 
JD, Brant SR, Silverberg MS, Taylor KD, Barmada MM, Bit-
ton A, Dassopoulos T, Datta LW, Green T, Griffiths AM, 
Kistner EO, Murtha MT, Regueiro MD, Rotter JI, Schumm 
LP, Steinhart AH, Targan SR, Xavier RJ, Libioulle C, Sandor 
C, Lathrop M, Belaiche J, Dewit O, Gut I, Heath S, Laukens 
D, Mni M, Rutgeerts P, Van Gossum A, Zelenika D, Franchi-
mont D, Hugot JP, de Vos M, Vermeire S, Louis E, Cardon 
LR, Anderson CA, Drummond H, Nimmo E, Ahmad T, 
Prescott NJ, Onnie CM, Fisher SA, Marchini J, Ghori J, 
Bumpstead S, Gwilliam R, Tremelling M, Deloukas P, Man-
sfield J, Jewell D, Satsangi J, Mathew CG, Parkes M, Georges 
M, Daly MJ. Genome-wide association defines more than 
30 distinct susceptibility loci for Crohn’s disease. Nat Genet 
2008; 40: 955-962 [PMID: 18587394 DOI: 10.1038/ng.175]

16	 Rogler G. The importance of gut microbiota in mediating 
the effect of NOD2 defects in inflammatory bowel disease. 
Gut 2010; 59: 153-154 [PMID: 20176638 DOI: 10.1136/
gut.2009.193185]

17	 Barreau F, Madre C, Meinzer U, Berrebi D, Dussaillant M, 
Merlin F, Eckmann L, Karin M, Sterkers G, Bonacorsi S, 
Lesuffleur T, Hugot JP. Nod2 regulates the host response 
towards microflora by modulating T cell function and epi-
thelial permeability in mouse Peyer’s patches. Gut 2010; 59: 
207-217 [PMID: 19837677 DOI: 10.1136/gut.2008.171546]

18	 Boudeau J, Glasser AL, Masseret E, Joly B, Darfeuille-
Michaud A. Invasive ability of an Escherichia coli strain iso-
lated from the ileal mucosa of a patient with Crohn’s disease. 
Infect Immun 1999; 67: 4499-4509 [PMID: 10456892]

19	 Hulten K, El-Zimaity HM, Karttunen TJ, Almashhrawi A, 
Schwartz MR, Graham DY, El-Zaatari FA. Detection of My-
cobacterium avium subspecies paratuberculosis in Crohn’
s diseased tissues by in situ hybridization. Am J Gastroen-
terol 2001; 96: 1529-1535 [PMID: 11374694 DOI: 10.1111/
j.1572-0241.2001.03751.x]

20	 Darfeuille-Michaud A, Boudeau J, Bulois P, Neut C, Glasser 
AL, Barnich N, Bringer MA, Swidsinski A, Beaugerie L, Co-
lombel JF. High prevalence of adherent-invasive Escherichia 
coli associated with ileal mucosa in Crohn’s disease. Gastro-
enterology 2004; 127: 412-421 [PMID: 15300573]

21	 Standaert-Vitse A, Jouault T, Vandewalle P, Mille C, Seddik 
M, Sendid B, Mallet JM, Colombel JF, Poulain D. Candida 
albicans is an immunogen for anti-Saccharomyces cerevi-
siae antibody markers of Crohn’s disease. Gastroenterol-
ogy 2006; 130: 1764-1775 [PMID: 16697740 DOI: 10.1053/
j.gastro.2006.02.009]

22	 Nguyen GC, Kaplan GG, Harris ML, Brant SR. A national 
survey of the prevalence and impact of Clostridium difficile 
infection among hospitalized inflammatory bowel disease 
patients. Am J Gastroenterol 2008; 103: 1443-1450 [PMID: 
18513271 DOI: 10.1111/j.1572-0241.2007.01780.x]

23	 Peterson J, Garges S, Giovanni M, McInnes P, Wang L, 
Schloss JA, Bonazzi V, McEwen JE, Wetterstrand KA, Deal 
C, Baker CC, Di Francesco V, Howcroft TK, Karp RW, Lun-
sford RD, Wellington CR, Belachew T, Wright M, Giblin C, 
David H, Mills M, Salomon R, Mullins C, Akolkar B, Begg L, 
Davis C, Grandison L, Humble M, Khalsa J, Little AR, Peavy 
H, Pontzer C, Portnoy M, Sayre MH, Starke-Reed P, Zakhari 
S, Read J, Watson B, Guyer M. The NIH Human Microbiome 

Project. Genome Res 2009; 19: 2317-2323 [PMID: 19819907 
DOI: 10.1101/gr.096651.109]

24	 Arumugam M, Raes J, Pelletier E, Le Paslier D, Yamada T, 
Mende DR, Fernandes GR, Tap J, Bruls T, Batto JM, Bertalan 
M, Borruel N, Casellas F, Fernandez L, Gautier L, Hansen T, 
Hattori M, Hayashi T, Kleerebezem M, Kurokawa K, Leclerc 
M, Levenez F, Manichanh C, Nielsen HB, Nielsen T, Pons 
N, Poulain J, Qin J, Sicheritz-Ponten T, Tims S, Torrents D, 
Ugarte E, Zoetendal EG, Wang J, Guarner F, Pedersen O, 
de Vos WM, Brunak S, Doré J, Antolín M, Artiguenave F, 
Blottiere HM, Almeida M, Brechot C, Cara C, Chervaux C, 
Cultrone A, Delorme C, Denariaz G, Dervyn R, Foerstner 
KU, Friss C, van de Guchte M, Guedon E, Haimet F, Huber 
W, van Hylckama-Vlieg J, Jamet A, Juste C, Kaci G, Knol J, 
Lakhdari O, Layec S, Le Roux K, Maguin E, Mérieux A, Melo 
Minardi R, M’rini C, Muller J, Oozeer R, Parkhill J, Renault 
P, Rescigno M, Sanchez N, Sunagawa S, Torrejon A, Turner 
K, Vandemeulebrouck G, Varela E, Winogradsky Y, Zeller G, 
Weissenbach J, Ehrlich SD, Bork P. Enterotypes of the human 
gut microbiome. Nature 2011; 473: 174-180 [PMID: 21508958 
DOI: 10.1038/nature09944]

25	 Tong M, Li X, Wegener Parfrey L, Roth B, Ippoliti A, Wei 
B, Borneman J, McGovern DP, Frank DN, Li E, Horvath S, 
Knight R, Braun J. A modular organization of the human 
intestinal mucosal microbiota and its association with in-
flammatory bowel disease. PLoS One 2013; 8: e80702 [PMID: 
24260458 DOI: 10.1371/journal.pone.0080702]

26	 Mallon P, McKay D, Kirk S, Gardiner K. Probiotics for 
induction of remission in ulcerative colitis. Cochrane Da-
tabase Syst Rev 2007; (4): CD005573 [PMID: 17943867 DOI: 
10.1002/14651858.CD005573.pub2]

27	 Butterworth AD, Thomas AG, Akobeng AK. Probiotics 
for induction of remission in Crohn’s disease. Cochrane Da-
tabase Syst Rev 2008; (3): CD006634 [PMID: 18646162 DOI: 
10.1002/14651858.CD006634.pub2]

28	 Petrof EO, Khoruts A. From stool transplants to next-gen-
eration microbiota therapeutics. Gastroenterology 2014; 146: 
1573-1582 [PMID: 24412527 DOI: 10.1053/j.gastro.2014.01.004]

29	 Zhang F, Luo W, Shi Y, Fan Z, Ji G. Should we standard-
ize the 1,700-year-old fecal microbiota transplantation? Am 
J Gastroenterol 2012; 107: 1755; author reply p.1755-p.1756 
[PMID: 23160295 DOI: 10.1038/ajg.2012.251]

30	 Kelly CP. Fecal microbiota transplantation--an old therapy 
comes of age. N Engl J Med 2013; 368: 474-475 [PMID: 
23323865 DOI: 10.1056/NEJMe1214816]

31	 Surawicz CM, Brandt LJ, Binion DG, Ananthakrishnan AN, 
Curry SR, Gilligan PH, McFarland LV, Mellow M, Zucker-
braun BS. Guidelines for diagnosis, treatment, and preven-
tion of Clostridium difficile infections. Am J Gastroenterol 
2013; 108: 478-98; quiz 499 [PMID: 23439232 DOI: 10.1038/
ajg.2013.4]

32	 Bakken JS, Borody T, Brandt LJ, Brill JV, Demarco DC, Fran-
zos MA, Kelly C, Khoruts A, Louie T, Martinelli LP, Moore 
TA, Russell G, Surawicz C. Treating Clostridium difficile 
infection with fecal microbiota transplantation. Clin Gas-
troenterol Hepatol 2011; 9: 1044-1049 [PMID: 21871249 DOI: 
10.1016/j.cgh.2011.08.014]

33	 Anderson JL, Edney RJ, Whelan K. Systematic review: faecal 
microbiota transplantation in the management of inflamma-
tory bowel disease. Aliment Pharmacol Ther 2012; 36: 503-516 
[PMID: 22827693 DOI: 10.1111/j.1365-2036.2012.05220.x]

34	 Bennet JD, Brinkman M. Treatment of ulcerative colitis 
by implantation of normal colonic flora. Lancet 1989; 1: 164 
[PMID: 2563083]

35	 Borody TJ, Warren EF, Leis S, Surace R, Ashman O. Treat-
ment of ulcerative colitis using fecal bacteriotherapy. J Clin 
Gastroenterol 2003; 37: 42-47 [PMID: 12811208]

36	 Zhang FM, Wang HG, Wang M, Cui BT, Fan ZN, Ji GZ. 
Fecal microbiota transplantation for severe enterocolonic 
fistulizing Crohn’s disease. World J Gastroenterol 2013; 19: 

Wang ZK et al . Microbiota pathogenesis and IBD therapeutics



14816 October 28, 2014|Volume 20|Issue 40|WJG|www.wjgnet.com

7213-7216 [PMID: 24222969 DOI: 10.3748/wjg.v19.i41.7213]
37	 Vermeire S, Joossens M, Verbeke K. Pilot study on the safety 

and efficacy of fecal microbiota transplantation in refractory 
Crohn’s disease. Gastroenterology 2012; 142: S360

38	 Borody TJ, Campbell J. Fecal microbiota transplantation: 
current status and future directions. Expert Rev Gastroenterol 
Hepatol 2011; 5: 653-655 [PMID: 22017691 DOI: 10.1586/
egh.11.71]

39	 Borody TJ, Paramsothy S, Agrawal G. Fecal microbiota 
transplantation: indications, methods, evidence, and fu-
ture directions. Curr Gastroenterol Rep 2013; 15: 337 [PMID: 
23852569 DOI: 10.1007/s11894-013-0337-1]

40	 Kelly CR, Kunde SS, Khoruts A. Guidance on preparing an 
investigational new drug application for fecal microbiota 
transplantation studies. Clin Gastroenterol Hepatol 2014; 12: 
283-288 [PMID: 24107393 DOI: 10.1016/j.cgh.2013.09.060]

41	 Ellingson JL, Cheville JC, Brees D, Miller JM, Cheville NF. 
Absence of Mycobacterium avium subspecies paratubercu-
losis components from Crohn’s disease intestinal biopsy tis-
sues. Clin Med Res 2003; 1: 217-226 [PMID: 15931311]

42	 Sartor RB. Does Mycobacterium avium subspecies para-
tuberculosis cause Crohn’s disease? Gut 2005; 54: 896-898 
[PMID: 15951529 DOI: 10.1136/gut.2004.055889]

43	 Greenstein RJ. Is Crohn’s disease caused by a mycobacte-
rium? Comparisons with leprosy, tuberculosis, and Johne’s 
disease. Lancet Infect Dis 2003; 3: 507-514 [PMID: 12901893]

44	 Martinez-Medina M, Aldeguer X, Lopez-Siles M, González-
Huix F, López-Oliu C, Dahbi G, Blanco JE, Blanco J, Garcia-
Gil LJ, Darfeuille-Michaud A. Molecular diversity of 
Escherichia coli in the human gut: new ecological evidence 
supporting the role of adherent-invasive E. coli (AIEC) in 
Crohn’s disease. Inflamm Bowel Dis 2009; 15: 872-882 [PMID: 
19235912 DOI: 10.1002/ibd.20860]

45	 Mei L, Targan SR, Landers CJ, Dutridge D, Ippoliti A, Vasil-
iauskas EA, Papadakis KA, Fleshner PR, Rotter JI, Yang H. 
Familial expression of anti-Escherichia coli outer membrane 
porin C in relatives of patients with Crohn’s disease. Gas-
troenterology 2006; 130: 1078-1085 [PMID: 16618402 DOI: 
10.1053/j.gastro.2006.02.013]

46	 de Souza HL, de Carvalho VR, Romeiro FG, Sassaki LY, 
Keller R, Rodrigues J. Mucosa-associated but not luminal 
Escherichia coli is augmented in Crohn’s disease and ulcer-
ative colitis. Gut Pathog 2012; 4: 21 [PMID: 23234341 DOI: 
10.1186/1757-4749-4-21]

47	 Bien J, Palagani V, Bozko P. The intestinal microbiota dysbi-
osis and Clostridium difficile infection: is there a relationship 
with inflammatory bowel disease? Therap Adv Gastroenterol 
2013; 6: 53-68 [PMID: 23320050 DOI: 10.1177/1756283X12454
590]

48	 Israeli E, Grotto I, Gilburd B, Balicer RD, Goldin E, Wiik A, 
Shoenfeld Y. Anti-Saccharomyces cerevisiae and antineutro-
phil cytoplasmic antibodies as predictors of inflammatory 
bowel disease. Gut 2005; 54: 1232-1236 [PMID: 16099791 DOI: 
10.1136/gut.2004.060228]

49	 Standaert-Vitse A, Sendid B, Joossens M, François N, 
Vandewalle-El Khoury P, Branche J, Van Kruiningen H, 
Jouault T, Rutgeerts P, Gower-Rousseau C, Libersa C, Neut C, 
Broly F, Chamaillard M, Vermeire S, Poulain D, Colombel JF. 
Candida albicans colonization and ASCA in familial Crohn’
s disease. Am J Gastroenterol 2009; 104: 1745-1753 [PMID: 
19471251 DOI: 10.1038/ajg.2009.225]

50	 Ksiadzyna D, Semianow-Wejchert J, Nawrot U, Wlodarczyk 
K, Paradowski L. Serum concentration of interleukin 10, 
anti-mannan Candida antibodies and the fungal coloniza-
tion of the gastrointestinal tract in patients with ulcerative 
colitis. Adv Med Sci 2009; 54: 170-176 [PMID: 19758974 DOI: 
10.2478/v10039-009-0023-6]

51	 Hueber W, Sands BE, Lewitzky S, Vandemeulebroecke M, 
Reinisch W, Higgins PD, Wehkamp J, Feagan BG, Yao MD, 
Karczewski M, Karczewski J, Pezous N, Bek S, Bruin G, 

Mellgard B, Berger C, Londei M, Bertolino AP, Tougas G, 
Travis SP. Secukinumab, a human anti-IL-17A monoclonal 
antibody, for moderate to severe Crohn’s disease: unexpect-
ed results of a randomised, double-blind placebo-controlled 
trial. Gut 2012; 61: 1693-1700 [PMID: 22595313 DOI: 10.1136/
gutjnl-2011-301668]

52	 Colombel JF, Sendid B, Jouault T, Poulain D. Secukinumab 
failure in Crohn’s disease: the yeast connection? Gut 2013; 62: 
800-801 [PMID: 23232049 DOI: 10.1136/gutjnl-2012-304154]

53	 Gophna U, Sommerfeld K, Gophna S, Doolittle WF, Veld-
huyzen van Zanten SJ. Differences between tissue-associated 
intestinal microfloras of patients with Crohn’s disease and 
ulcerative colitis. J Clin Microbiol 2006; 44: 4136-4141 [PMID: 
16988016 DOI: 10.1128/JCM.01004-06]

54	 Andoh A, Sakata S, Koizumi Y, Mitsuyama K, Fujiyama 
Y, Benno Y. Terminal restriction fragment length polymor-
phism analysis of the diversity of fecal microbiota in patients 
with ulcerative colitis. Inflamm Bowel Dis 2007; 13: 955-962 
[PMID: 17455205 DOI: 10.1002/ibd.20151]

55	 Morgan XC, Tickle TL, Sokol H, Gevers D, Devaney KL, 
Ward DV, Reyes JA, Shah SA, LeLeiko N, Snapper SB, 
Bousvaros A, Korzenik J, Sands BE, Xavier RJ, Huttenhower 
C. Dysfunction of the intestinal microbiome in inflamma-
tory bowel disease and treatment. Genome Biol 2012; 13: R79 
[PMID: 23013615 DOI: 10.1186/gb-2012-13-9-r79]

56	 Frank DN, St Amand AL, Feldman RA, Boedeker EC, Har-
paz N, Pace NR. Molecular-phylogenetic characterization of 
microbial community imbalances in human inflammatory 
bowel diseases. Proc Natl Acad Sci USA 2007; 104: 13780-13785 
[PMID: 17699621 DOI: 10.1073/pnas.0706625104]

57	 Andoh A, Imaeda H, Aomatsu T, Inatomi O, Bamba S, Sa-
saki M, Saito Y, Tsujikawa T, Fujiyama Y. Comparison of 
the fecal microbiota profiles between ulcerative colitis and 
Crohn’s disease using terminal restriction fragment length 
polymorphism analysis. J Gastroenterol 2011; 46: 479-486 
[PMID: 21253779 DOI: 10.1007/s00535-010-0368-4]

58	 Papa E, Docktor M, Smillie C, Weber S, Preheim SP, Gevers 
D, Giannoukos G, Ciulla D, Tabbaa D, Ingram J, Schauer 
DB, Ward DV, Korzenik JR, Xavier RJ, Bousvaros A, Alm 
EJ. Non-invasive mapping of the gastrointestinal microbiota 
identifies children with inflammatory bowel disease. PLoS 
One 2012; 7: e39242 [PMID: 22768065 DOI: 10.1371/journal.
pone.0039242]

59	 Nemoto H, Kataoka K, Ishikawa H, Ikata K, Arimochi H, 
Iwasaki T, Ohnishi Y, Kuwahara T, Yasutomo K. Reduced 
diversity and imbalance of fecal microbiota in patients with 
ulcerative colitis. Dig Dis Sci 2012; 57: 2955-2964 [PMID: 
22623042 DOI: 10.1007/s10620-012-2236-y]

60	 Sha S, Xu B, Wang X, Zhang Y, Wang H, Kong X, Zhu H, 
Wu K. The biodiversity and composition of the dominant fe-
cal microbiota in patients with inflammatory bowel disease. 
Diagn Microbiol Infect Dis 2013; 75: 245-251 [PMID: 23276768 
DOI: 10.1016/j.diagmicrobio.2012.11.022]

61	 Noor SO, Ridgway K, Scovell L, Kemsley EK, Lund EK, Ja-
mieson C, Johnson IT, Narbad A. Ulcerative colitis and irri-
table bowel patients exhibit distinct abnormalities of the gut 
microbiota. BMC Gastroenterol 2010; 10: 134 [PMID: 21073731 
DOI: 10.1186/1471-230X-10-134]

62	 Michail S, Durbin M, Turner D, Griffiths AM, Mack DR, Hy-
ams J, Leleiko N, Kenche H, Stolfi A, Wine E. Alterations in 
the gut microbiome of children with severe ulcerative colitis. 
Inflamm Bowel Dis 2012; 18: 1799-1808 [PMID: 22170749 DOI: 
10.1002/ibd.22860]

63	 Ott SJ, Musfeldt M, Wenderoth DF, Hampe J, Brant O, 
Fölsch UR, Timmis KN, Schreiber S. Reduction in diversity 
of the colonic mucosa associated bacterial microflora in pa-
tients with active inflammatory bowel disease. Gut 2004; 53: 
685-693 [PMID: 15082587]

64	 Lepage P, Häsler R, Spehlmann ME, Rehman A, Zvirbliene A, 
Begun A, Ott S, Kupcinskas L, Doré J, Raedler A, Schreiber S. 

Wang ZK et al . Microbiota pathogenesis and IBD therapeutics



14817 October 28, 2014|Volume 20|Issue 40|WJG|www.wjgnet.com

Twin study indicates loss of interaction between microbiota 
and mucosa of patients with ulcerative colitis. Gastroen-
terology 2011; 141: 227-236 [PMID: 21621540 DOI: 10.1053/
j.gastro.2011.04.011]

65	 Li E, Hamm CM, Gulati AS, Sartor RB, Chen H, Wu X, 
Zhang T, Rohlf FJ, Zhu W, Gu C, Robertson CE, Pace NR, 
Boedeker EC, Harpaz N, Yuan J, Weinstock GM, Sodergren E, 
Frank DN. Inflammatory bowel diseases phenotype, C. diffi-
cile and NOD2 genotype are associated with shifts in human 
ileum associated microbial composition. PLoS One 2012; 7: 
e26284 [PMID: 22719818 DOI: 10.1371/journal.pone.0026284]

66	 Zitomersky NL, Atkinson BJ, Franklin SW, Mitchell PD, 
Snapper SB, Comstock LE, Bousvaros A. Characterization of 
adherent bacteroidales from intestinal biopsies of children 
and young adults with inflammatory bowel disease. PLoS 
One 2013; 8: e63686 [PMID: 23776434 DOI: 10.1371/journal.
pone.0063686]

67	 Walker AW, Sanderson JD, Churcher C, Parkes GC, Hud-
spith BN, Rayment N, Brostoff J, Parkhill J, Dougan G, 
Petrovska L. High-throughput clone library analysis of the 
mucosa-associated microbiota reveals dysbiosis and differ-
ences between inflamed and non-inflamed regions of the in-
testine in inflammatory bowel disease. BMC Microbiol 2011; 
11: 7 [PMID: 21219646 DOI: 10.1186/1471-2180-11-7]

68	 Nishikawa J, Kudo T, Sakata S, Benno Y, Sugiyama T. Di-
versity of mucosa-associated microbiota in active and inac-
tive ulcerative colitis. Scand J Gastroenterol 2009; 44: 180-186 
[PMID: 18825588 DOI: 10.1080/00365520802433231]

69	 Vigsnæs LK, Holck J, Meyer AS, Licht TR. In vitro fer-
mentation of sugar beet arabino-oligosaccharides by fecal 
microbiota obtained from patients with ulcerative colitis to 
selectively stimulate the growth of Bifidobacterium spp. and 
Lactobacillus spp. Appl Environ Microbiol 2011; 77: 8336-8344 
[PMID: 21984234 DOI: 10.1128/AEM.05895-11]

70	 Vigsnaes LK, van den Abbeele P, Sulek K, Frandsen HL, 
Steenholdt C, Brynskov J, Vermeiren J, van de Wiele T, Licht 
TR. Microbiotas from UC patients display altered metabo-
lism and reduced ability of LAB to colonize mucus. Sci Rep 
2013; 3: 1110 [PMID: 23346367 DOI: 10.1038/srep01110]

71	 Sokol H, Pigneur B, Watterlot L, Lakhdari O, Bermúdez-
Humarán LG, Gratadoux JJ, Blugeon S, Bridonneau C, Furet 
JP, Corthier G, Grangette C, Vasquez N, Pochart P, Trugnan 
G, Thomas G, Blottière HM, Doré J, Marteau P, Seksik P, 
Langella P. Faecalibacterium prausnitzii is an anti-inflam-
matory commensal bacterium identified by gut microbiota 
analysis of Crohn disease patients. Proc Natl Acad Sci USA 
2008; 105: 16731-16736 [PMID: 18936492 DOI: 10.1073/
pnas.0804812105]

72	 Manichanh C, Rigottier-Gois L, Bonnaud E, Gloux K, Pelletier 
E, Frangeul L, Nalin R, Jarrin C, Chardon P, Marteau P, Roca 
J, Dore J. Reduced diversity of faecal microbiota in Crohn’s 
disease revealed by a metagenomic approach. Gut 2006; 55: 
205-211 [PMID: 16188921 DOI: 10.1136/gut.2005.073817]

73	 Le Gall G, Noor SO, Ridgway K, Scovell L, Jamieson C, 
Johnson IT, Colquhoun IJ, Kemsley EK, Narbad A. Metabo-
lomics of fecal extracts detects altered metabolic activity of 
gut microbiota in ulcerative colitis and irritable bowel syn-
drome. J Proteome Res 2011; 10: 4208-4218 [PMID: 21761941 
DOI: 10.1021/pr2003598]

74	 Russell C, Lay KM. Natural history of Candida species and 
yeasts in the oral cavities of infants. Arch Oral Biol 1973; 18: 
957-962 [PMID: 4581575]

75	 Ott SJ, Kühbacher T, Musfeldt M, Rosenstiel P, Hellmig S, 
Rehman A, Drews O, Weichert W, Timmis KN, Schreiber S. 
Fungi and inflammatory bowel diseases: Alterations of com-
position and diversity. Scand J Gastroenterol 2008; 43: 831-841 
[PMID: 18584522 DOI: 10.1080/00365520801935434]

76	 Bamias G, Nyce MR, De La Rue SA, Cominelli F. New con-
cepts in the pathophysiology of inflammatory bowel disease. 
Ann Intern Med 2005; 143: 895-904 [PMID: 16365470]

77	 Cario E, Podolsky DK. Differential alteration in intestinal 
epithelial cell expression of toll-like receptor 3 (TLR3) and 
TLR4 in inflammatory bowel disease. Infect Immun 2000; 68: 
7010-7017 [PMID: 11083826]

78	 Marteau P, Lémann M, Seksik P, Laharie D, Colombel JF, 
Bouhnik Y, Cadiot G, Soulé JC, Bourreille A, Metman E, 
Lerebours E, Carbonnel F, Dupas JL, Veyrac M, Coffin B, 
Moreau J, Abitbol V, Blum-Sperisen S, Mary JY. Ineffec-
tiveness of Lactobacillus johnsonii LA1 for prophylaxis of 
postoperative recurrence in Crohn’s disease: a randomised, 
double blind, placebo controlled GETAID trial. Gut 2006; 55: 
842-847 [PMID: 16377775 DOI: 10.1136/gut.2005.076604]

79	 Shen J, Ran HZ, Yin MH, Zhou TX, Xiao DS. Meta-analysis: 
the effect and adverse events of Lactobacilli versus pla-
cebo in maintenance therapy for Crohn disease. Intern 
Med J 2009; 39: 103-109 [PMID: 19220543 DOI: 10.1111/
j.1445-5994.2008.01791.x]

80	 Kato K, Mizuno S, Umesaki Y, Ishii Y, Sugitani M, Imaoka A, 
Otsuka M, Hasunuma O, Kurihara R, Iwasaki A, Arakawa 
Y. Randomized placebo-controlled trial assessing the effect 
of bifidobacteria-fermented milk on active ulcerative colitis. 
Aliment Pharmacol Ther 2004; 20: 1133-1141 [PMID: 15569116 
DOI: 10.1111/j.1365-2036.2004.02268.x]

81	 Philippe D, Heupel E, Blum-Sperisen S, Riedel CU. Treat-
ment with Bifidobacterium bifidum 17 partially protects 
mice from Th1-driven inflammation in a chemically induced 
model of colitis. Int J Food Microbiol 2011; 149: 45-49 [PMID: 
21257218 DOI: 10.1016/j.ijfoodmicro.2010.12.020]

82	 Schultz M. Clinical use of E. coli Nissle 1917 in inflamma-
tory bowel disease. Inflamm Bowel Dis 2008; 14: 1012-1018 
[PMID: 18240278 DOI: 10.1002/ibd.20377]

83	 Kruis W, Fric P, Pokrotnieks J, Lukás M, Fixa B, Kascák M, 
Kamm MA, Weismueller J, Beglinger C, Stolte M, Wolff C, 
Schulze J. Maintaining remission of ulcerative colitis with 
the probiotic Escherichia coli Nissle 1917 is as effective as 
with standard mesalazine. Gut 2004; 53: 1617-1623 [PMID: 
15479682 DOI: 10.1136/gut.2003.037747]

84	 Bourreille A, Cadiot G, Le Dreau G, Laharie D, Beaugerie L, 
Dupas JL, Marteau P, Rampal P, Moyse D, Saleh A, Le Guern 
ME, Galmiche JP. Saccharomyces boulardii does not prevent 
relapse of Crohn’s disease. Clin Gastroenterol Hepatol 2013; 11: 
982-987 [PMID: 23466709 DOI: 10.1016/j.cgh.2013.02.021]

85	 Guslandi M, Giollo P, Testoni PA. A pilot trial of Saccha-
romyces boulardii in ulcerative colitis. Eur J Gastroenterol 
Hepatol 2003; 15: 697-698 [PMID: 12840682 DOI: 10.1097/01.
meg.0000059138.68845.06]

86	 Mimura T, Rizzello F, Helwig U, Poggioli G, Schreiber S, 
Talbot IC, Nicholls RJ, Gionchetti P, Campieri M, Kamm 
MA. Once daily high dose probiotic therapy (VSL#3) for 
maintaining remission in recurrent or refractory pouchitis. 
Gut 2004; 53: 108-114 [PMID: 14684584]

87	 Bibiloni R, Fedorak RN, Tannock GW, Madsen KL, Gion-
chetti P, Campieri M, De Simone C, Sartor RB. VSL#3 probi-
otic-mixture induces remission in patients with active ulcer-
ative colitis. Am J Gastroenterol 2005; 100: 1539-1546 [PMID: 
15984978 DOI: 10.1111/j.1572-0241.2005.41794.x]

88	 Miele E, Pascarella F, Giannetti E, Quaglietta L, Baldassano 
RN, Staiano A. Effect of a probiotic preparation (VSL#3) on 
induction and maintenance of remission in children with 
ulcerative colitis. Am J Gastroenterol 2009; 104: 437-443 [PMID: 
19174792 DOI: 10.1038/ajg.2008.118]

89	 Cain AM, Karpa KD. Clinical utility of probiotics in inflam-
matory bowel disease. Altern Ther Health Med 2011; 17: 72-79 
[PMID: 21614946]

90	 Holubar SD, Cima RR, Sandborn WJ, Pardi DS. Treatment 
and prevention of pouchitis after ileal pouch-anal anastomo-
sis for chronic ulcerative colitis. Cochrane Database Syst Rev 
2010; (6): CD001176 [PMID: 20556748 DOI: 10.1002/14651858.
CD001176.pub2]

91	 Guslandi M, Mezzi G, Sorghi M, Testoni PA. Saccharomyces 

Wang ZK et al . Microbiota pathogenesis and IBD therapeutics



14818 October 28, 2014|Volume 20|Issue 40|WJG|www.wjgnet.com

boulardii in maintenance treatment of Crohn’s disease. Dig 
Dis Sci 2000; 45: 1462-1464 [PMID: 10961730]

92	 Van Gossum A, Dewit O, Louis E, de Hertogh G, Baert F, 
Fontaine F, DeVos M, Enslen M, Paintin M, Franchimont D. 
Multicenter randomized-controlled clinical trial of probiotics 
(Lactobacillus johnsonii, LA1) on early endoscopic recur-
rence of Crohn’s disease after lleo-caecal resection. Inflamm 
Bowel Dis 2007; 13: 135-142 [PMID: 17206696 DOI: 10.1002/
ibd.20063]

93	 Benjamin JL, Hedin CR, Koutsoumpas A, Ng SC, McCarthy 
NE, Prescott NJ, Pessoa-Lopes P, Mathew CG, Sanderson J, 
Hart AL, Kamm MA, Knight SC, Forbes A, Stagg AJ, Lind-
say JO, Whelan K. Smokers with active Crohn’s disease have 
a clinically relevant dysbiosis of the gastrointestinal micro-
biota. Inflamm Bowel Dis 2012; 18: 1092-1100 [PMID: 22102318 
DOI: 10.1002/ibd.21864]

94	 Varela E, Manichanh C, Gallart M, Torrejón A, Borruel N, 
Casellas F, Guarner F, Antolin M. Colonisation by Faecali-
bacterium prausnitzii and maintenance of clinical remission 
in patients with ulcerative colitis. Aliment Pharmacol Ther 
2013; 38: 151-161 [PMID: 23725320 DOI: 10.1111/apt.12365]

95	 Machiels K, Joossens M, Sabino J, De Preter V, Arijs I, Eeck-
haut V, Ballet V, Claes K, Van Immerseel F, Verbeke K, Fer-
rante M, Verhaegen J, Rutgeerts P, Vermeire S. A decrease of 
the butyrate-producing species Roseburia hominis and Fae-
calibacterium prausnitzii defines dysbiosis in patients with 
ulcerative colitis. Gut 2014; 63: 1275-1283 [PMID: 24021287 
DOI: 10.1136/gutjnl-2013-304833]

96	 Wang W, Chen L, Zhou R, Wang X, Song L, Huang S, Wang 
G, Xia B. Increased proportions of Bifidobacterium and the 
Lactobacillus group and loss of butyrate-producing bacteria 
in inflammatory bowel disease. J Clin Microbiol 2014; 52: 
398-406 [PMID: 24478468 DOI: 10.1128/JCM.01500-13]

97	 Hansen R, Russell RK, Reiff C, Louis P, McIntosh F, Berry 
SH, Mukhopadhya I, Bisset WM, Barclay AR, Bishop J, 
Flynn DM, McGrogan P, Loganathan S, Mahdi G, Flint HJ, 
El-Omar EM, Hold GL. Microbiota of de-novo pediatric IBD: 
increased Faecalibacterium prausnitzii and reduced bacterial 
diversity in Crohn’s but not in ulcerative colitis. Am J Gastro-
enterol 2012; 107: 1913-1922 [PMID: 23044767 DOI: 10.1038/
ajg.2012.335]

98	 Eiseman B, Silen W, Bascom GS, Kauvar AJ. Fecal enema as 
an adjunct in the treatment of pseudomembranous enteroco-
litis. Surgery 1958; 44: 854-859 [PMID: 13592638]

99	 Gough E, Shaikh H, Manges AR. Systematic review of intes-
tinal microbiota transplantation (fecal bacteriotherapy) for 
recurrent Clostridium difficile infection. Clin Infect Dis 2011; 
53: 994-1002 [PMID: 22002980 DOI: 10.1093/cid/cir632]

100	 Mattila E, Uusitalo-Seppälä R, Wuorela M, Lehtola L, Nurmi 
H, Ristikankare M, Moilanen V, Salminen K, Seppälä M, 
Mattila PS, Anttila VJ, Arkkila P. Fecal transplantation, 
through colonoscopy, is effective therapy for recurrent Clos-
tridium difficile infection. Gastroenterology 2012; 142: 490-496 
[PMID: 22155369 DOI: 10.1053/j.gastro.2011.11.037]

101	 Brandt LJ, Aroniadis OC, Mellow M, Kanatzar A, Kelly C, 
Park T, Stollman N, Rohlke F, Surawicz C. Long-term follow-
up of colonoscopic fecal microbiota transplant for recurrent 
Clostridium difficile infection. Am J Gastroenterol 2012; 107: 
1079-1087 [PMID: 22450732 DOI: 10.1038/ajg.2012.60]

102	 van Nood E, Vrieze A, Nieuwdorp M, Fuentes S, Zoetendal 
EG, de Vos WM, Visser CE, Kuijper EJ, Bartelsman JF, Tijs-
sen JG, Speelman P, Dijkgraaf MG, Keller JJ. Duodenal infu-
sion of donor feces for recurrent Clostridium difficile. N Engl 
J Med 2013; 368: 407-415 [PMID: 23323867 DOI: 10.1056/NEJ-
Moa1205037]

103	 Vrieze A, Van Nood E, Holleman F, Salojärvi J, Kootte RS, 
Bartelsman JF, Dallinga-Thie GM, Ackermans MT, Serlie 
MJ, Oozeer R, Derrien M, Druesne A, Van Hylckama Vlieg 
JE, Bloks VW, Groen AK, Heilig HG, Zoetendal EG, Stroes 
ES, de Vos WM, Hoekstra JB, Nieuwdorp M. Transfer of 

intestinal microbiota from lean donors increases insulin 
sensitivity in individuals with metabolic syndrome. Gastro-
enterology 2012; 143: 913-6.e7 [PMID: 22728514 DOI: 10.1053/
j.gastro.2012.06.031]

104	 Brandt LJ, Aroniadis OC. An overview of fecal microbiota 
transplantation: techniques, indications, and outcomes. 
Gastrointest Endosc 2013; 78: 240-249 [PMID: 23642791 DOI: 
10.1016/j.gie.2013.03.1329]

105	 Angelberger S, Reinisch W, Makristathis A, Lichtenberger 
C, Dejaco C, Papay P, Novacek G, Trauner M, Loy A, Berry 
D. Temporal bacterial community dynamics vary among 
ulcerative colitis patients after fecal microbiota transplanta-
tion. Am J Gastroenterol 2013; 108: 1620-1630 [PMID: 24060759 
DOI: 10.1038/ajg.2013.257]

106	 Ananthakrishnan AN, McGinley EL, Binion DG. Excess 
hospitalisation burden associated with Clostridium difficile 
in patients with inflammatory bowel disease. Gut 2008; 57: 
205-210 [PMID: 17905821 DOI: 10.1136/gut.2007.128231]

107	 Reddy SS, Brandt LJ. Clostridium difficile infection and in-
flammatory bowel disease. J Clin Gastroenterol 2013; 47: 666-671 
[PMID: 23507767 DOI: 10.1097/MCG.0b013e31828b288a]

108	 Kunde S, Pham A, Bonczyk S, Crumb T, Duba M, Conrad 
H, Cloney D, Kugathasan S. Safety, tolerability, and clini-
cal response after fecal transplantation in children and 
young adults with ulcerative colitis. J Pediatr Gastroenterol 
Nutr 2013; 56: 597-601 [PMID: 23542823 DOI: 10.1097/
MPG.0b013e318292fa0d]

109	 Gordon H, Harbord M. A patient with severe Crohn’s coli-
tis responds to Faecal Microbiota Transplantation. J Crohns 
Colitis 2014; 8: 256-257 [PMID: 24239403 DOI: 10.1016/
j.crohns.2013.10.007]

110	 De Leon LM, Watson JB, Kelly CR. Transient flare of ul-
cerative colitis after fecal microbiota transplantation for 
recurrent Clostridium difficile infection. Clin Gastroenterol 
Hepatol 2013; 11: 1036-1038 [PMID: 23669309 DOI: 10.1016/
j.cgh.2013.04.045]

111	 El-Matary W, Simpson R, Ricketts-Burns N. Fecal microbiota 
transplantation: are we opening a can of worms? Gastroente-
rology 2012; 143: e19; author reply e19-e20 [PMID: 22732575 
DOI: 10.1053/j.gastro.2012.04.055]

112	 Hamilton MJ, Weingarden AR, Sadowsky MJ, Khoruts A. 
Standardized frozen preparation for transplantation of fe-
cal microbiota for recurrent Clostridium difficile infection. 
Am J Gastroenterol 2012; 107: 761-767 [PMID: 22290405 DOI: 
10.1038/ajg.2011.482]

113	 Manichanh C, Reeder J, Gibert P, Varela E, Llopis M, An-
tolin M, Guigo R, Knight R, Guarner F. Reshaping the gut 
microbiome with bacterial transplantation and antibiotic 
intake. Genome Res 2010; 20: 1411-1419 [PMID: 20736229 DOI: 
10.1101/gr.107987.110]

114	 Brandt LJ, Borody TJ, Campbell J. Endoscopic fecal microbi-
ota transplantation: “first-line” treatment for severe clostrid-
ium difficile infection? J Clin Gastroenterol 2011; 45: 655-657 
[PMID: 21716124 DOI: 10.1097/MCG.0b013e3182257d4f]

115	 Chang JY, Antonopoulos DA, Kalra A, Tonelli A, Khalife 
WT, Schmidt TM, Young VB. Decreased diversity of the fecal 
Microbiome in recurrent Clostridium difficile-associated di-
arrhea. J Infect Dis 2008; 197: 435-438 [PMID: 18199029 DOI: 
10.1086/525047]

116	 Song Y, Garg S, Girotra M, Maddox C, von Rosenvinge EC, 
Dutta A, Dutta S, Fricke WF. Microbiota dynamics in pa-
tients treated with fecal microbiota transplantation for recur-
rent Clostridium difficile infection. PLoS One 2013; 8: e81330 
[PMID: 24303043 DOI: 10.1371/journal.pone.0081330]

117	 Khoruts A, Dicksved J, Jansson JK, Sadowsky MJ. Changes 
in the composition of the human fecal microbiome after bac-
teriotherapy for recurrent Clostridium difficile-associated di-
arrhea. J Clin Gastroenterol 2010; 44: 354-360 [PMID: 20048681 
DOI: 10.1097/MCG.0b013e3181c87e02]

118	 Grehan MJ, Borody TJ, Leis SM, Campbell J, Mitchell H, 

Wang ZK et al . Microbiota pathogenesis and IBD therapeutics



14819 October 28, 2014|Volume 20|Issue 40|WJG|www.wjgnet.com

Wettstein A. Durable alteration of the colonic microbiota 
by the administration of donor fecal flora. J Clin Gastro-
enterol 2010; 44: 551-561 [PMID: 20716985 DOI: 10.1097/
MCG.0b013e3181e5d06b]

119	 Moore T, Rodriguez A, Bakken JS. Fecal microbiota trans-
plantation: a practical update for the infectious disease spe-
cialist. Clin Infect Dis 2014; 58: 541-545 [PMID: 24368622 DOI: 
10.1093/cid/cit950]

120	 Kahn SA, Gorawara-Bhat R, Rubin DT. Fecal bacteriothera-
py for ulcerative colitis: patients are ready, are we? Inflamm 
Bowel Dis 2012; 18: 676-684 [PMID: 21618362 DOI: 10.1002/
ibd.21775]

121	 Kahn SA, Vachon A, Rodriquez D, Goeppinger SR, Surma 
B, Marks J, Rubin DT. Patient perceptions of fecal micro-
biota transplantation for ulcerative colitis. Inflamm Bowel 
Dis 2013; 19: 1506-1513 [PMID: 23624888 DOI: 10.1097/
MIB.0b013e318281f520]

122	 Zipursky JS, Sidorsky TI, Freedman CA, Sidorsky MN, Kirk-
land KB. Patient attitudes toward the use of fecal microbiota 
transplantation in the treatment of recurrent Clostridium 
difficile infection. Clin Infect Dis 2012; 55: 1652-1658 [PMID: 
22990849 DOI: 10.1093/cid/cis809]

123	 Petrof EO, Gloor GB, Vanner SJ, Weese SJ, Carter D, 
Daigneault MC, Brown EM, Schroeter K, Allen-Vercoe 
E. Stool substitute transplant therapy for the eradica-
tion of Clostridium difficile infection: ‘RePOOPulat-
ing’ the gut. Microbiome 2013; 1: 3 [PMID: 24467987 DOI: 
10.1186/2049-2618-1-3]

124	 Allen-Vercoe E, Reid G, Viner N, Gloor GB, Hota S, Kim 
P, Lee C, O’Doherty K, Vanner SJ, Weese JS, Petrof EO. A 
Canadian Working Group report on fecal microbial therapy: 
microbial ecosystems therapeutics. Can J Gastroenterol 2012; 
26: 457-462 [PMID: 22803022]

125	 Macfarlane GT, Macfarlane S, Gibson GR. Validation of 
a Three-Stage Compound Continuous Culture System for 
Investigating the Effect of Retention Time on the Ecology 
and Metabolism of Bacteria in the Human Colon Microb Ecol 
1998; 35: 180-187 [PMID: 9541554]

126	 Sechi LA, Scanu AM, Molicotti P, Cannas S, Mura M, Dettori 
G, Fadda G, Zanetti S. Detection and Isolation of Mycobacte-
rium avium subspecies paratuberculosis from intestinal mu-
cosal biopsies of patients with and without Crohn’s disease 
in Sardinia. Am J Gastroenterol 2005; 100: 1529-1536 [PMID: 
15984976 DOI: 10.1111/j.1572-0241.2005.41415.x]

127	 Autschbach F, Eisold S, Hinz U, Zinser S, Linnebacher M, 
Giese T, Löffler T, Büchler MW, Schmidt J. High prevalence 
of Mycobacterium avium subspecies paratuberculosis IS900 
DNA in gut tissues from individuals with Crohn’s disease. 
Gut 2005; 54: 944-949 [PMID: 15951539 DOI: 10.1136/
gut.2004.045526]

128	 Rolhion N, Darfeuille-Michaud A. Adherent-invasive Esche-
richia coli in inflammatory bowel disease. Inflamm Bowel Dis 
2007; 13: 1277-1283 [PMID: 17476674 DOI: 10.1002/ibd.20176]

129	 Deshpande A, Pasupuleti V, Pant C, Rolston DD, Sferra 
TJ. Diagnostic testing for Clostridium difficile infection in 
patients with inflammatory bowel disease. J Clin Gastro-
enterol 2013; 47: 737-738 [PMID: 23751851 DOI: 10.1097/
MCG.0b013e318295d4ec]

130	 Markowitz JE, Brown KA, Mamula P, Drott HR, Piccoli 
DA, Baldassano RN. Failure of single-toxin assays to detect 
clostridium difficile infection in pediatric inflammatory 
bowel disease. Am J Gastroenterol 2001; 96: 2688-2690 [PMID: 
11569696 DOI: 10.1111/j.1572-0241.2001.04125.x]

131	 Laharie D, Asencio C, Asselineau J, Bulois P, Bourreille A, 
Moreau J, Bonjean P, Lamarque D, Pariente A, Soulé JC, 
Charachon A, Coffin B, Perez P, Mégraud F, Zerbib F. As-
sociation between entero-hepatic Helicobacter species and 
Crohn’s disease: a prospective cross-sectional study. Ali-
ment Pharmacol Ther 2009; 30: 283-293 [PMID: 19438427 DOI: 
10.1111/j.1365-2036.2009.04034.x]

132	 Sonnenberg A, Genta RM. Low prevalence of Helicobacter 
pylori infection among patients with inflammatory bowel 
disease. Aliment Pharmacol Ther 2012; 35: 469-476 [PMID: 
22221289 DOI: 10.1111/j.1365-2036.2011.04969.x]

133	 Thomson JM, Hansen R, Berry SH, Hope ME, Murray GI, 
Mukhopadhya I, McLean MH, Shen Z, Fox JG, El-Omar E, 
Hold GL. Enterohepatic helicobacter in ulcerative colitis: po-
tential pathogenic entities? PLoS One 2011; 6: e17184 [PMID: 
21383845 DOI: 10.1371/journal.pone.0017184]

134	 Hansen R, Berry SH, Mukhopadhya I, Thomson JM, Saun-
ders KA, Nicholl CE, Bisset WM, Loganathan S, Mahdi G, 
Kastner-Cole D, Barclay AR, Bishop J, Flynn DM, McGrogan 
P, Russell RK, El-Omar EM, Hold GL. The microaerophilic 
microbiota of de-novo paediatric inflammatory bowel dis-
ease: the BISCUIT study. PLoS One 2013; 8: e58825 [PMID: 
23554935 DOI: 10.1371/journal.pone.0058825]

135	 Gradel KO, Nielsen HL, Schønheyder HC, Ejlertsen T, Kris-
tensen B, Nielsen H. Increased short- and long-term risk 
of inflammatory bowel disease after salmonella or campy-
lobacter gastroenteritis. Gastroenterology 2009; 137: 495-501 
[PMID: 19361507 DOI: 10.1053/j.gastro.2009.04.001]

136	 Man SM, Zhang L, Day AS, Leach ST, Lemberg DA, Mitch-
ell H. Campylobacter concisus and other Campylobacter 
species in children with newly diagnosed Crohn’s disease. 
Inflamm Bowel Dis 2010; 16: 1008-1016 [PMID: 19885905 DOI: 
10.1002/ibd.21157]

137	 Rashid T, Ebringer A, Tiwana H, Fielder M. Role of 
Klebsiella and collagens in Crohn’s disease: a new pros-
pect in the use of low-starch diet. Eur J Gastroenterol 
Hepatol 2009; 21: 843-849 [PMID: 19352192 DOI: 10.1097/
MEG.0b013e328318ecde]

138	 Saebo A, Vik E, Lange OJ, Matuszkiewicz L. Inflammatory 
bowel disease associated with Yersinia enterocolitica O: 3 
infection. Eur J Intern Med 2005; 16: 176-182 [PMID: 15967332 
DOI: 10.1016/j.ejim.2004.11.008]

139	 Huijsdens XW, Linskens RK, Taspinar H, Meuwissen SG, 
Vandenbroucke-Grauls CM, Savelkoul PH. Listeria monocy-
togenes and inflammatory bowel disease: detection of Liste-
ria species in intestinal mucosal biopsies by real-time PCR. 
Scand J Gastroenterol 2003; 38: 332-333 [PMID: 12737451]

140	 Ohkusa T, Okayasu I, Ogihara T, Morita K, Ogawa M, Sato 
N. Induction of experimental ulcerative colitis by Fusobacte-
rium varium isolated from colonic mucosa of patients with 
ulcerative colitis. Gut 2003; 52: 79-83 [PMID: 12477765]

141	 Blais Lecours P, Marsolais D, Cormier Y, Berberi M, Haché 
C, Bourdages R, Duchaine C. Increased prevalence of Metha-
nosphaera stadtmanae in inflammatory bowel diseases. PLoS 
One 2014; 9: e87734 [PMID: 24498365 DOI: 10.1371/journal.
pone.0087734]

142	 Basset C, Holton J, Bazeos A, Vaira D, Bloom S. Are Heli-
cobacter species and enterotoxigenic Bacteroides fragilis in-
volved in inflammatory bowel disease? Dig Dis Sci 2004; 49: 
1425-1432 [PMID: 15481314]

143	 Chamaillard M, Cesaro A, Lober PE, Hober D. Decod-
ing norovirus infection in Crohn’s disease. Inflamm Bowel 
Dis 2014; 20: 767-770 [PMID: 24351661 DOI: 10.1097/01.
MIB.0000440613.83703.4a]

144	 Borody TJ, George L, Andrews P, Brandl S, Noonan S, Cole P, 
Hyland L, Morgan A, Maysey J, Moore-Jones D. Bowel-flora 
alteration: a potential cure for inflammatory bowel disease 
and irritable bowel syndrome? Med J Aust 1989; 150: 604 
[PMID: 2783214]

145	 Zainah H, Silverman A. Fecal Bacteriotherapy: A Case 
Report in an Immunosuppressed Patient with Ulcerative 
Colitis and Recurrent  Clostridium difficile Infection. Case 
Rep Infect Dis 2012; 2012: 810943 [PMID: 22593832 DOI: 
10.1155/2012/810943]

146	 Borody TJ, Campbell J. Fecal microbiota transplantation: 
techniques, applications, and issues. Gastroenterol Clin 
North Am 2012; 41: 781-803 [PMID: 23101687 DOI: 10.1016/

Wang ZK et al . Microbiota pathogenesis and IBD therapeutics



14820 October 28, 2014|Volume 20|Issue 40|WJG|www.wjgnet.com

j.gtc.2012.08.008]
147	 Patel NC, Griesbach CL, DiBaise JK, Orenstein R. Fecal 

microbiota transplant for recurrent Clostridium difficile 
infection: Mayo Clinic in Arizona experience. Mayo Clin 
Proc 2013; 88: 799-805 [PMID: 23910407 DOI: 10.1016/
j.mayocp.2013.04.022]

148	 Kump PK, Gröchenig HP, Lackner S, Trajanoski S, Reicht 
G, Hoffmann KM, Deutschmann A, Wenzl HH, Petritsch 
W, Krejs GJ, Gorkiewicz G, Högenauer C. Alteration of in-

testinal dysbiosis by fecal microbiota transplantation does 
not induce remission in patients with chronic active ulcer-
ative colitis. Inflamm Bowel Dis 2013; 19: 2155-2165 [PMID: 
23899544 DOI: 10.1097/MIB.0b013e31829ea325]

149	 Quera R, Espinoza R, Estay C, Rivera D. Bacteremia as an 
adverse event of fecal microbiota transplantation in a patient 
with Crohn’s disease and recurrent Clostridium difficile 
infection. J Crohns Colitis 2014; 8: 252-253 [PMID: 24184170 
DOI: 10.1016/j.crohns.2013.10.002]

P- Reviewer: Candela M, Foligne B, Kalliomaki M, Nylund L, 
Ortiz LT    S- Editor: Gou SX    

L- Editor: O’Neill M    E- Editor: Wang CH

Wang ZK et al . Microbiota pathogenesis and IBD therapeutics



                                      © 2014 Baishideng Publishing Group Inc. All rights reserved.

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA

Telephone: +1-925-223-8242
Fax: +1-925-223-8243

E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx

http://www.wjgnet.com

I S S N  1 0  0 7  -   9  3 2  7

9    7 7 1 0  07   9 3 2 0 45

4   0


