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Abstract: Gut microbiota dysbiosis has a critical role in the pathogenesis of inflammatory bowel
diseases, prompting the exploration of novel therapeutic approaches like fecal microbiota transplanta-
tion, which involves the transfer of fecal microbiota from a healthy donor to a recipient with the aim
of restoring a balanced microbial community and attenuating inflammation. Fecal microbiota trans-
plantation may exert beneficial effects in inflammatory bowel disease through modulation of immune
responses, restoration of mucosal barrier integrity, and alteration of microbial metabolites. It could
alter disease course and prevent flares, although long-term durability and safety data are lacking. This
review provides a summary of current evidence on fecal microbiota transplantation in inflammatory
bowel disease management, focusing on its challenges, such as variability in donor selection criteria,
standardization of transplant protocols, and long-term outcomes post-transplantation.
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1. Introduction

Inflammatory bowel diseases (IBD) are chronic conditions affecting the gastrointestinal
tract. They result from complex interactions between genetic predisposition, environmental
factors, and immune responses [1]. A common feature of IBD is gut dysbiosis, an imbalance
in the intestinal microbiota [1]. Studies in both animals and humans suggest that an
altered microbiome or an abnormal immune response to the microbiome contributes to
intestinal inflammation [2,3]. Patients with IBD typically have reduced microbiota diversity
and lower levels of anti-inflammatory bacteria, with an increase in potentially harmful
microbes. This dysbiosis perpetuates inflammation, exacerbating disease severity [4-7].
Fecal microbiota transplantation (FMT) has proven to be effective in Clostridioides difficile
infection (CDI) [8,9]. After its successful application in CDI, FMT has emerged as a potential
treatment for IBD. Unlike conventional therapies targeting the immune response, FMT
modifies the microbial environment, potentially offering a safer approach [8]. Studies,
including randomized controlled trials and meta-analyses, have shown that FMT can lead to
clinical and endoscopic improvements in ulcerative colitis (UC) and Crohn’s disease (CD) [9].
However, heterogeneity in FMT procedures, such as timing, dosage, and delivery methods,
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as well as variations in donor stools, does not allow us to draw definitive conclusions
regarding its efficacy [9]. This narrative review provides an overview of the available
literature on the topic, focusing on FMT safety and efficacy, questioning the aspects of donor
selection criteria’s variability, FMT protocols’ standardization, and long-term outcomes
post-transplantation.

2. Dysbiosis in IBD

Intestinal microbial dysbiosis is a common feature of IBD, and it is caused by factors
like genetics, inflammation, infections, and dietary habits [10]. Dysbiosis is generally
marked by a decrease in beneficial microbes, an increase in potentially harmful microbes,
and a general decline in microbial diversity [11-13].

The proper functioning of the gut microbiota is based on a steady ratio between the
bacteria from the phyla Firmicutes, Bacteroidetes, Acinetobacteria, and, to a lesser degree, Pro-
teobacteria [14]. Dysbiosis arises when there is a large shift in the composition ratio between
these phyla or the expansion of new bacterial groups. This imbalance, characterized by
reduction of microbial diversity and outgrowth of Proteobacteria, can be disease-promoting
and can contribute to disease severity [15,16].

Inflammation and microbial dysbiosis commonly occur concurrently in patients with
IBD. Thereby it remains unclear if microbial dysbiosis is an IBD’s causative factor or simply
a consequence of the inflammation [17]. IBD etiopathogenesis is not fully known, and the
impact of underlying gut microbiota dysfunction on the condition remains uncertain [1].

Nonetheless, the relationship between the gut microbiota and the host is crucial
for maintaining immune function [18]. In fact, many genetic markers linked to IBD are
related to the interaction between immunity and microbiota [19-21]. Hence, environmental
changes, such as antibiotic overuse and dietary modifications, can disrupt gut microbiota
composition, leading to dysbiosis and disrupting immune tolerance, potentially triggering
or exacerbating CD and UC [22,23].

Notably, IBD disease activity is most pronounced in regions with the highest bacterial
populations, such as the colon, and in areas of fecal stasis, like the terminal ileum or the
rectum. Interestingly, fecal diversion is an effective treatment strategy for CD, often leading
to remission in the diverted segment of the bowel [24]. Furthermore, restoring bowel
continuity and re-exposing the area to the fecal stream typically results in postoperative
recurrence of CD [25,26].

Data from various animal models strongly support the hypothesis that an altered
microbiome or an abnormal immune response to the microbiome plays a crucial role in
the development of intestinal inflammation [2,27]. Indeed, the gut microbiota composition
differs between patients with IBD and healthy individuals, as well as between UC and CD
patients [3].

There are many microbes with pathogenic qualities that proliferate within or po-
tentially contribute to the inflammation of IBD patients. These microbes are referred to
as “pathobionts” and are believed to contribute to the initiation or the exacerbation of
IBD [28]. The term pathobiont, introduced in 2008, describes a gut commensal bacterium
with the potential to turn pathogenic [29]. To broaden this initial definition and explain
the mechanisms through which various pathobionts operate, “IBD pathobionts” are today
defined as commensal microorganisms capable of causing or aggravating IBD through
their pathogenic potential or niche-seeking behaviors [30].

Chronic inflammatory conditions, such as IBD, may drive the evolution of a dysbiotic
microbiota, which includes pathobionts that preferentially persist in and contribute to
sustaining the inflamed gut environment [10].

Pathobionts use diverse mechanisms to potentially promote IBD, and they are thought
to cause disease in susceptible hosts. For example, Bilophila wadsworthia can cause colitis
in genetically susceptible mice under a high-fat diet but does not affect healthy mice [31].
Inflammatory gut environments may give a selective advantage to certain microbes, such
as Escherichia coli, which thrive under oxidative stress, contributing to sustained inflam-
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mation [32]. Bacteroides fragilis is another potential pathobiont, found abundantly in IBD
patients’ biofilms and able to persist in harsh conditions [33].

In CD, the role of Clostridium innocuum, Atopobium parvulum, Ruminococcus gnavus,
and Debaryomyces hansenii has been described [10]. C. innocuum can migrate from the ileal
lumen to the mesenteric adipose tissue through twitching motility, causing the expansion
of creeping fat around the ileum, thereby heightening the risk of fibrosis and strictures [34].
R. gnavus ferments sulfur-containing amino acids, leading to an excess of H,S that dis-
rupts disulfide bonds in mucus, leading to inflammation [35]. R. gnavus, a common gut
commensal with several strain variants, tends to proliferate in CD patients, leading to in-
creased mucus degradation and inflammatory response through interactions with dendritic
cells [36-38]. The fungus D. hansenii localizes to mucosal wounds and is more prevalent in
the inflamed tissues of CD patients. This fungus undergoes phagocytosis by macrophages
and this promotes inflammation and reduces wound healing [39].

Similarly, pathobionts may have a central role in UC. For instance, the gut commensal
Phocaeicola vulgatus (formerly Bacteroides vulgatus) secretes proteases and elastases, which can
increase intestinal permeability, and its presence and activity correlate with UC severity [40].
Moreover, E. coli strains categorized as EXPEC from the B2 phylogenetic group express genes
encoding toxins (x-hemolysin) and adhesins (FimH) that disrupt intestinal epitalial cells’
tight junctions leading to dendritic cell death and colitis exacerbation [41,42]. On the other
hand, Candida albicans, a prominent gut mycobiota member, can contribute to UC severity
through the production in its hyphal phase of candidalysin, a toxin promoting intestinal
inflammation [43,44].

Pathobionts may be difficult to detect: in order to identify microbes that may promote
IBD onset and severity, isolation and identification from the gut microbiota are crucial.
Culture-based methods, like selective media and whole-genome sequencing, and culture-
independent methods, such as metagenomics, are used [10]. Distinguishing pathobionts
from harmless microbes is challenging. Methods like mucosal washes, detecting microbe-
specific antibodies, and flow cytometry help in identification. To characterize pathogenic
potential, techniques include whole-genome sequencing, in vitro cell culture infection
assays, and in vivo testing in genetically susceptible mouse models. These methods help
study the interactions and pathogenicity of pathobionts in IBD [10].

As a result of the alterations arising in IBD patients” intestines, when compared to the
microbiota of healthy individuals, samples from patients with IBD exhibit decreased overall
diversity and a lower abundance of beneficial bacterial strains. Chronic inflammation in
IBD alters gut conditions, increasing oxidative stress and iron depletion while limiting
carbohydrate access [45]. This leads to decreased bacterial diversity, reduced Firmicutes
abundance, and increased instability over time [4]. Analyses of the gut microbiota in
IBD patients reveal characteristic dysbiosis, with specific bacterial species increasing or
decreasing [4]. Anti-inflammatory bacteria such as Faecalibacterium prausnitzii, Clostridium
groups IV and XIVa, Bacteroides, Sutterella, Phascolarctobacterium, Roseburia, Bifidobacterium
species are notably decreased [4-7]. These bacteria are linked to anti-inflammatory effects,
suggesting their reduction exacerbates IBD symptoms [46]. Specifically, F prausnitzii, a
key anti-inflammatory bacterium, is significantly reduced in IBD patients, correlating with
disease activity and remission phases [47].

On the other hand, specific pro-inflammatory bacteria, like adherent-invasive E. coli,
Proteobacteria, Pasteurellaceae, Veillonellaceae, R. gnavus, and Fusobacterium, are increased in
these conditions [4].

Additionally, alterations extend to fungal and viral communities, with increases in
pro-inflammatory fungi like C. albicans and bacteriophages and decreases in beneficial
fungi like Saccharomyces cerevisiae [5]. Malassezia restricta, a common skin-resident fungus,
is significantly increased in the mucosal samples of CD patients [48]. Moreover, analysis of
fecal samples revealed that the gut virome of IBD patients is characterized by an expansion
of Caudovirales bacteriophages: this virus was found to be associated with reduced bacterial
diversity in UC patients, findings associated with intestinal inflammation [49,50]. Further-
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more, the microbiome of patients with ileal CD is marked by an increase in fungi at the
expense of bacteria, whereas patients with UC and CD without ileal involvement display
reduced fungal diversity [51].

This dysbiosis creates a vicious cycle, perpetuating inflammation and disease sever-
ity: inflammatory gut environments may give a selective advantage to certain microbes,
contributing to sustained inflammation [5] (Figure 1).

INCREASE IN PRO-
INFLAMMATORY FUNGI
Candida albicans,
bacteriophages,

Malassezia restricta

DECREASE
in beneficial fungi like
Saccharomyces cerevisiae

This dy shiosis creates a -Avicious cy cl . giving selectnve advantage to certain
microbes, contributing to sustained
inflammation and disease severity

Figure 1. Dysbiosis in IBD: the most common alterations found in bacterial, viral, and fungi gut
populations in IBD patients. IBD: Inflammatory bowel disease; E. coli: Escherichia coli.

As previously mentioned, the gut microbiota composition differs between patients
with IBD and healthy individuals [3]: Gevers et al. found increased Pasteurellaceae, Veillonel-
laceae, Neisseriaceae, Fusobacteriaceae, and E. coli, and decreased Bacteroides, Clostridium nexile,
Clostridium bolteae, Faecalibacterium, Roseburia, Blautia, Ruminococcus, and Lachnospiraceae
in newly diagnosed pediatric CD patients. This suggests that microbiota alterations may
precede clinical disease and occur independently of treatment. CD is associated with a
more unstable gut microbiota compared to UC, with significant loss of butyrate-producing
organisms like Faecalibacterium and Christensenellaceae [52].

The studies on microbiome in IBD may also be relevant from the perspective of ther-
apy: Yilmaz et al. demonstrated that changes in microbiota composition correlated with
treatment response in CD and relapse risk post-surgery [53]. Responsiveness to TNFi
therapy was associated with Bifidobacterium, Collinsella, Lachnospira, Lachnospiraceae, Rose-
buria, and Eggerthella. Post-surgical CD patients with inactive disease showed reductions in
Parabacteroides and Clostridiales and increases in Enterobacteriaceae [53].

Multi-omics analyses have shown distinct differences in gut microbiota and their
metabolites between active and remission phases of CD and UC. These findings highlight
the potential for developing personalized treatment plans based on gut microbiota profiles
and the importance of targeting host-microbe interactions for novel IBD therapies [54].

3. Fecal Microbiota Transplantation

FMT involves transferring minimally manipulated, pre-screened donor stool into the
gastrointestinal tract of a patient. This procedure aims to ameliorate dysbiosis by increasing
overall microbial diversity and restoring microbiota functionality [55].

FMT re-establishes balanced intestinal flora by introducing fecal matter from healthy
donors into a compromised gastrointestinal tract. This intervention treats various condi-
tions by markedly enhancing bacterial diversity, thereby cultivating a healthier microbiota
profile akin to that of healthy donors, with sustained benefits. FMT has gained increasing in-
terest in recent years due to evolving methodologies and expanding clinical indications [56].
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Since 2013, several studies have supported FMT safety and high efficacy in preventing
the recurrence of CDI [57-59]. Antibiotic use often leads to recurrent CDI by disrupting gut
microbiota. FMT restores the gut microbiota to its pre-antibiotic state, and it has proven
to be more effective than standard antibiotics like vancomycin and fidaxomicin. Indeed,
FMT is now recommended in the CDI treatment international guidelines for patients with
multiple recurrences of CDI who have failed appropriate antibiotic treatments [60].

Following its success in CDI management [55], FMT has also been investigated in
patients with IBD [61]. Numerous trials are ongoing worldwide to explore additional
therapeutic applications (Figure 2).

FMT

Dysbiosis | Eubiosis
_ \

ENDOSCOPY, NASOENTERIC
TUBES, CAPSULES, ENEMAS

Dy M 10 p . 1-1 10 p . ° ™ 1

Pro-inflammatory Anti-inflammatory Increasing overall Restoring
ackorti acteri: 5 s . 5 microbial
bacteria bacteria microbial diversity

functionality

Possible role of pathobionts

Figure 2. How FMT treats dysbiosis: dysbiosis is characterized by an increase in pro-inflammatory
bacteria and a decrease in anti-inflammatory ones. On the other hand, eubiosis after FTM is guaran-
teed by an increase in microbial diversity. FMT: Fecal Microbiota Transplantation.

Key considerations for FMT are encapsulated in the 5D framework proposed by
Allegretti et al. in 2018 for the procedure’s application in CDI that may be applied in other
FMT executions. This framework includes five steps: decision, donor, discussion, delivery,
and discharge [55].

Patient selection is crucial, and FMT indications coming from scientific evidence must
be followed. Donor-related factors and recipient-related factors need to be analyzed to
achieve donor-recipient microbiota compatibility. For donors, it is important to identify
individuals with high microbiota richness and a high abundance of beneficial strains [62].
Available evidence indicates that the features and the composition of donor microbiome
can impact FMT’s clinical outcomes [62]: for instance, a high relative abundance of many
donor taxa like Lachnospiraceae, Ruminococcus, Akkermansia muciniphila, and Bacteroides has
been associated with induction of remission for FMT in UC [63-65]. However, current data
also outline that individual taxa are not reliable predictors of clinical outcomes and that the
role of the microbiome in disease progression is much more intricate [66].

The donor material can be patient-directed or obtained from universal stool banks.
Universal banking, often integrated within hospital systems, allows for rigorous screening
and pre-banking of donor material, minimizing delays. Both fresh and frozen donor
materials have been used in clinical practice and in research settings. Recipients, on the
other hand, should be assessed based on their underlying disease, genetic factors, immune
status, and microbiota composition, assessing the patients’ pre-conditioning [55,62].

A rigorous donor screening must be carried out to avoid rare but serious infections.
However, there is a lack of information regarding donor selection strategy: advances in
technology may guide us in the donor and recipients’ selection process [62].

Discussion through informed consent must cover the risks, benefits, and alternatives
to FMT. Common adverse events, like moderate fever and mild gastrointestinal symptoms,
should be explained to patients [55].
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FMT delivery varies depending on the clinical context, including upper endoscopy, na-
soenteric tubes or capsules for upper gastrointestinal (GI) tract administration, colonoscopy,
flexible sigmoidoscopy, or enemas for lower GI tract administration. Each method has
specific advantages and disadvantages (Table 1).

Table 1. FTM delivery methods: advantages and disadvantages.

FMT Delivery Methods Advantages Disadvantages
Inexpensive, well-tolerated,
Enema no sedation required, little Not possible in poor rectal sphincter tone
procedural risk, can be patients. Lowest efficacy rates in CDI [67]
performed by a non-physician
Less invasive, indicated for frail patients or
Rectosigmoidoscopy patients at high risk Expensive
of intestinal perforation
C Enables assessment of Expensive, requires
olonoscopy di - . .
1sease activity technical expertise

Naso-enteric tube

Upper endoscopy

Capsule

Uncomfortable, less appealing for patients,
requires radiological
confirmation of tube placement, risk of
vomiting, risk of aspiration

Inexpensive, no sedation required

Indicated in patients with severe
colitis, patients who had lower
GI surgery or without an intact colon

Expensive, sedation required,
procedural risks

Difficulty in production, necessity for

More appealing to patients delayed-release formulations

FMT: Fecal Microbiota Transplantation; CDI: Clostridioides difficile infection; GI: gastrointestinal.

Procedural factors are extremely relevant in the FMT process, its timing as well as its
dosage, and the frequency of administration [55,62].

Finally, post-FMT care involves educating patients on infection control and antibiotic
stewardship. Follow-up is essential to monitor for adverse events and recurrence, typically
up to eight weeks post-transplant [55].

4. Fecal Microbiota Transplantation in IBD

Unlike most current therapeutic strategies that directly target the immune response,
which is associated with high costs and potential adverse effects, FMT represents an
alternative in the treatment of IBD by modifying the microbial environment [68]. This
modification can indirectly influence the host’s immune system in a potentially safer
manner [8,68]. By improving the balance of gut microbiota, FMT has demonstrated multiple
benefits, leading to endoscopic and clinical improvements in UC and CD patients compared
to control groups [8].

4.1. FMT in UC

In the last decade, several studies have been carried out showing that FMT appears to
have a benefit in the induction of remission for mild to moderate UC, with improvements in
endoscopic and clinical symptoms. Moreover, these studies have suggested FMT’s potential
in preventing UC flares or complications [9].

Two RCTs from 2015 outlined FMT efficacy in patients with active UC. Moayyedi et al.
conducted a study to evaluate the efficacy of FMT in patients with active UC. Participants
were randomly assigned to receive either FMT (38 patients received 50 mL via enema
from healthy anonymous donors) or placebo (37 patients received 50 mL water enema)
once a week for 6 weeks. Concomitant therapies, including mesalamine, glucocorticoids,
immunosuppressants, or tumor necrosis factor inhibitors, were allowed if they had been
administered at a stable dose for at least 12 weeks (4 weeks for glucocorticoids). The
primary endpoint was clinical remission, defined as a Mayo score of <2 with an endoscopic
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Mayo score of 0, assessed at week 7. FMT induced remission in a significantly greater
percentage of patients with active UC compared to the placebo group (9 patients (24%) vs.
2 patients (5%); 95% confidence interval, 2-33%). Greater microbial diversity was observed
in stool samples from FMT recipients compared to placebo (p = 0.02). Notably, the efficacy
of FMT was influenced by the fecal donor and the duration of UC [63].

Haifer et al. evaluated, instead, the efficacy of oral lyophilized FMT in active UC
patients aged 18-75. Following a 2-week antibiotic regimen, patients were assigned to
either FMT or placebo capsules for 8 weeks. At week 8, 53% of patients in the FMT group
achieved corticosteroid-free clinical remission accompanied by an endoscopic response
(defined as a total Mayo score of <2, with all subscores < 1 and a reduction of >1 point in
the endoscopic subscore), compared to 15% of patients in the placebo group (difference of
38.3%, p = 0.027; odds ratio 5.0). In the maintenance phase, 100% of patients continuing
FMT maintained remission at week 56, while none of the withdrawal group did [69].

Costello et al. performed a systematic review and meta-analysis to determine FMT
efficacy and safety for inducing remission in active UC. It included 14 cohort studies
and 4 RCTs [70]. The 14 cohort studies involved a total of 168 patients with active UC,
ranging from mild to severe, with follow-up periods varying from 1 to 72 months. Patients
generally continued their regular IBD medications during FMT, except in one study where
all medications other than 5-aminosalicylates were interrupted [70,71].

Of the 168 patients, 93 (55%; 95% CI: 36.7-71.7%) achieved a clinical response, amongst
whom 39 (24%; 95% CI: 11-40%) attained clinical remission, though these outcomes were
defined variably across the studies. Endoscopic remission was assessed in only seven
out of the 14 studies and was achieved in 16 of 56 patients. Additionally, five out of the
14 cohort studies reported antibiotics pretreatment: in these studies, treatment success was
numerically higher [71-75]: 39 out of 58 patients (67%) experienced a clinical response, and
19 out of 58 (32%) achieved clinical remission [70].

The 4 RCTs in the Costello meta-analysis, involving a total of 277 patients, proved an
achievement of clinical remission equal to 28% of patients in the donor FMT groups versus
the 9% in the placebo groups (odds ratio 3.67, 95% CI: 1.82-7.39, p < 0.01). Clinical response
was achieved in 49% of donor FMT patients compared to 28% of placebo patients (odds ratio
2.48,95% CI: 1.18-5.21, p = 0.02) [70]. The studies analyzed showed heterogeneity in design
with different routes of FMT administration, inclusion criteria, and follow-up periods.
However, despite protocol variations, FMT appeared effective for inducing remission in
ucC [70].

The effectiveness of FMT in IBD was further confirmed by a systematic review and meta-
analysis conducted by Paramsothy et al., which included 53 studies involving patients with
UC, CD, and pouchitis. The primary outcome of clinical remission was achieved in 36% of UC
patients, 50.5% of CD patients, and 21.5% of pouchitis patients. Specifically, 36% (201/555) of UC
patients achieved clinical remission during follow-up. Among the 24 cohort studies included
in the meta-analysis, comprising 307 individuals, the pooled proportion of UC patients who
achieved clinical remission was 33% [95% CI: 23-43%], with a moderate risk of heterogeneity
[Cochran’s Q, p = 0.001; I2 = 54%] and no publication bias. The pooled proportion of patients
achieving a clinical response was 52% [95% CI: 40-64%], according to a meta-analysis involving
234 individuals from 20 cohort studies, also showing moderate heterogeneity [Cochran’s Q,
p = 0.001; 12 = 58%] and no publication bias [76]. Meta-analysis of 4 RCTs of FMT in UC,
involving 140 FMT-treated individuals, demonstrated that FMT was significantly associated
with clinical remission [P-OR = 2.89, 95% CI: 1.36-6.13, p = 0.006], with moderate heterogeneity
[Cochran’s Q, p = 0.188; 12 = 37%] and no publication bias. A significant association was also
found between FMT and clinical response in UC patients [P-OR = 2.48, 95% CI: 1.18-5.21,
p = 0.016], again with moderate heterogeneity [Cochran’s Q, p = 0.102; 12 = 52%] and no
publication bias [76].

Furthermore, sub-analyses of this work evaluated the role of the number of FMT
administrations: the pooled proportion of UC patients who received more than 10 infu-
sions and achieved clinical remission was 49% [95% CI: 21-77%; Cochran’s Q, p = 0.246;
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12 = 29%], while the remission rate observed in those who received 10 or fewer FMT
infusions was equal to 27% [95% CI: 17-40%; Cochran’s Q, p = 0.001; 12 = 58%] [76].

While FMT appears effective for UC, its long-term durability remains uncertain,
necessitating further controlled studies, especially for CD and pouchitis [76].

Based on this evidence, there is a possibility for FMT to become a therapeutic option
for UC patients. Nonetheless, these data are insufficient to make us recommend FMT as
a treatment for UC in routine clinical practice. Therefore, its use is now limited to the
research setting [9].

Current evidence suggests that FMT benefits are temporary since after reaching pos-
itive outcomes in the short-term, disease relapses are likely: this indicates the necessity
for maintenance therapy to achieve long-term efficacy. Thereby, further research is re-
quired to explore the potential of FMT as a maintenance therapy and to determine the
optimal number of infusions and dosing for both induction and maintenance phases.
Presently, there is no consensus on the minimum number of FMT administrations required
for success [77]. Additionally, FMT efficacy in UC appears to be crucially connected to
donor-recipient engraftment. Recipient markers, alongside donor markers, contribute to
FMT success: it is important to investigate their role in interacting with donor fecal material
and antigens [9,63] (Table 2).

4.2. FMT in CD

The use of FMT for CD is primarily supported by case reports and pilot studies, with a
lack of large RCTs. Consequently, there is insufficient evidence to support FMT application
as a treatment for CD in clinical practice [9].

One of the first pilot studies on this topic, conducted by Vermeire et al., observed
no differences at week 8 post-FMT among six patients affected by refractory CD [78].
Additionally, Sokol et al. investigated the impact of FMT on sustaining remission in
CD and found a non-significant reduction in the incidence of flares in the FMT group
compared to the sham group. This study was the first randomized trial assessing FMT’s
capacity to maintain stable disease remission in CD patients who achieved remission with
corticosteroids. The FMT group exhibited a numerically greater rate of steroid-free clinical
remission alongside a lower endoscopic severity index and reduced C-reactive protein
levels (CRP) levels, although these differences were not statistically significant [79]. The
rates of steroid-free clinical remission were 44.4% (4/9) at 10 weeks and 33.3% (3/9) at
24 weeks in the sham transplantation group, compared to 87.5% (7/8) at 10 weeks and 50.0%
(4/8) at 24 weeks in the FMT group. Six weeks after FMT, the Crohn’s Disease Endoscopic
Index of Severity significantly decreased (p = 0.03), whereas no significant change was
observed after sham transplantation (p = 0.8). In contrast, CRP levels increased significantly
6 weeks after sham transplantation (p = 0.008) but remained unchanged following FMT
(p=0.5) [79].

A systematic review with the meta-analysis by Caldeira et al. analyzed 60 studies, with
36 included in the quantitative synthesis in patients of any age or gender diagnosed with
CD, UC, and pouchitis, with or without a treatment comparator and reporting response,
remission, or adverse events. Pairwise meta-analyses of six controlled trials demonstrated
significant advantages for FMT over placebo, with an RR for clinical remission of 1.70
(95% CI: 1.12 to 2.56) and for clinical response of 1.68 (95% CI: 1.04 to 2.72). The overall
clinical remission rate was 37%, and the clinical response rate was 54%, with adverse events
reported in 29% of cases. In the study, CD patients gained more benefits than UC from
the procedure. Moreover, the analysis suggested that frozen fecal material from universal
donors may enhance clinical remission rates, particularly in CD patients [80].
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Table 2. Selected evidence on FMT in UC patients.

Authors
(Year)

Study Design

Sample Size Treatment

FMT Characteristics

Concomitant Therapies

Main Outcomes

Safety Outcomes

Fresh donor stool (7 studies). Frozen donor stool

Clinical response: 93/168 (55%;
95% CI: 36.7-71.7%). Clinical

. studies). studies). ministrations i remission: 0; o
eohort s UC (from (4 studies). NR (3 studies). Administrations’ Maintenance of regular IBD 39/168 (24%; 95%
udi I:nil d to sever FMT vs. placebo  numbers ranged from 1 to 6: via the upper GI tract medications (except for CI: 11-40%). Endoscopic
studies UC f o severe (13%), via the lower GI tract (74%), and via both 1 study that allowed only remission (only assessed in
orms) routes in 21 (12%). 5-aminosalicylates) 50% of the studies): The most common AEs were
Systemic review 16/56 patients (29%). self-limiting GI complaints.
Costello et al. with — — - No significant differences
(2017) [70] meta-analysis Clinical remission: 28% in the between the number/type of
EMT groups vs. 9% in the AEs between donor and
Frozen donor stool (2 studies). Fresh donor stool ) . . ) placebo groups (OR: 3.67, 95% placebo groups.
4 RCTs 277 UC EMT vs. placebo (1 study). Fresh and frozen stool (1 study). The Thlopurlne§, corticosteroids,  CI: 1.82-7.39, p < 0.01). Clinical
atients -P donor stool was processed anaerobically (1 study) or ~ 5-aminosalicylates, and response: 49% in FMT patients
p P y Yy . h . P p
aerobically (3 studies). biologic therapies vs. 28% in placebo patients
(OR: 2.48,95% CI: 1.18-5.21,
p=0.02) [70].
24 cohort 307 UC Strong variation in FMT infusion Po}cl)'led' prollo'or'tloln of patlents
studies patients methodology/protocol: different routes of acieving canical remission
s > : . . was 33% [95% CI = 23-43%].
administration, number and frequency of infusions,
. . the dosage of stool per infusion, preparation of Pooled proportion of patients No report of major AEs or
Paramsothy Sy:lflemlc review 20 ffhort 234. uc inoculum [fresh or frozen], and FMT donor source . . achieving clinical response was SAEs that were deemed
etal. (2017) wi ] lvsi studies patients FMT [related or unrelated]. Stgr01d§, mesalaml'ne, ) 52% [95% CI = 40-64%). clinically related to FMT. Most
761 meta-analysis thiopurines, and biologic — — reported AEs were transient
therapies Clinical remission: 36% minor GI complaints and/or
[P-OR = 2.89, 95% fover.
4RCT. 140 UC Frozen donor stool (2 studies); fresh donor stool CI =1.36-6.13, p = 0.006].
s patients (1 study); fresh or frozen or combined (1 study) Clinical response: 52%

[P-OR =248,
95% CI = 1.18-5.21, p = 0.016]

UC: Ulcerative Colitis; CD: Crohn’s Disease; IBD: Inflammatory Bowel disease; CP: Chronic Pouchitis OR: Odds Ratio; AE: Adverse Events; SAE: Serious Adverse Events;
CI: Confidence Interval.
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Frozen FMT offers several advantages, including the immediate availability of fecal
material, cost savings due to fewer donor screenings, and reduced structural requirements
for the practice setting where the transplantation is performed [81]. Additionally, it is
important to note that the freezing and thawing processes do not significantly alter the
composition of the viable microbiota [82].

On the other hand, a study by Fang et al. revealed no significant difference in clinical
remission trend between fresh and frozen FMT for CD patients, while a trend towards a
higher clinical remission rate with frozen stool FMT compared to fresh stool FMT for UC
was observed [83].

Further evidence on the topic is brought by the studies by Cheng and Tang that
highlighted fresh stool FMT’s benefits [84,85]. In Chang et al.’s sub-analyses, clinical
remission rates were higher with fresh stool FMT compared to frozen stool FMT (73% vs.
43%; p < 0.05) [84]. Furthermore, in Tan et al. study fresh fecal FMT had a higher clinical
remission rate (40.9%) compared to frozen fecal FMT (32.2%) [85].

The systematic review and meta-analysis by Cheng et al. including 12 trials, proved
FMT effective and safe for CD. A pooled analysis revealed that 62% (95% CI: 48-81%) of CD
patients achieved clinical remission, and 79% (95% CI: 71-89%) achieved a clinical response
following FMT [84].

FMT’s success may be attributed to its ability to increase the overall diversity of the
enteric microbiome [84,85]. Patients prior to FMT exhibit decreased species diversity and
significant microbiome compositional differences compared to their donors. However,
after the procedure, clinical responders to FMT, in contrast to non-responders, develop
significantly higher species diversity, more closely resembling donor microbiome configu-
rations [84].

Further research is needed to optimize the induction and maintenance of remission in
these patient populations: large RCTs are essential to establish FMT as a viable treatment
approach for CD patients. In this context, the role of donor-recipient engraftment remains
one of the most important aspects to analyze in terms of FMT efficacy for CD patients [86]
(Table 3).

4.3. FMT in IBD Pediatric Population

Most studies on FMT in IBD have primarily concentrated on the adult population, re-
sulting in less clarity regarding its efficacy and safety in the pediatric population. However,
comprehending the role of FMT in pediatric IBD is crucial [87]. Microbial-based therapies
could be particularly effective in treating children [83].

The possibility of using FMT as a treatment tool for IBD has been investigated in
pediatric patients: the systematic review by Hsu et al. evaluated FMT in 352 pediatric IBD
patients through 11 studies. One month after FMT, clinical response (defined as a reduction
of 20 or more points in the Pediatric Ulcerative Colitis Activity Index (PUCAI) for UC
patients or a decrease of more than 12.5-point in the Pediatric Crohn’s Disease Activity
Index (PCDAI) for CD patients) was achieved in 58.8%, clinical remission (defined as
PUCAI or PCDAI under 10) in 64.7% and both in 44.1% of patients. These findings suggest
FMT can be effective in pediatric IBD, potentially with improved outcomes compared to
adults [88].

Fang et al.’s meta-analysis included 23 cohort studies (15 in UC, 4 in CD, and 4 in both
UC and CD) involving a total of 319 subjects (225 UC and 94 CD), both adults and pediatric
patients, which were all treated with FMT. Subjects were administered with fresh donor
stool or frozen stool, either via the upper GI, the lower GI, or both. The stool donors were
healthy adults or children, family members, close friends, or volunteers [83].
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Table 3. Selected evidence on FMT in CD patients.

Authors

(Year) FMT Characteristics

Study Design Sample Size Treatment

Concomitant
Therapies

Main Outcomes

Safety Outcomes

Caldeira et al.
(2020) [80]

Systemic review with

. 9RCTs
meta-analysis

24
interventional
studies

Fresh donor stool (21 studies). Frozen donor
stool (6 studies). Fresh or frozen (3 studies).
Capsules (2 studies). NR (2 studies).

UC, CD, and

CP patients FIM vs. placebo

Proportions
meta-analyses

NR

Clinical remission: RR 1.70
[95% CI1.12, 2.56].
Clinical response: RR 1.68
[95% CI 1.04, 2.72].

Overall clinical remission of 37%.
Overall clinical response of 54%.

AE prevalence of 29%

CD remission rate of 47.6%; UC
Remission rate of 35.0%; CP
remission rate of 4%. No
statistically significant difference
was observed for the IBD-type
subgroup analysis (p = 0.152).

CD AE prevalence: 5.8%; UC AE
prevalence: 36.9%; CP AE
prevalence: 29.9% (for any AE).

Fresh donor stool (7 studies); Frozen donor
stool (4 studies); NR (1 study); Endoscopically
administered (upper or lower GI tract).

Systemic review with meta-analysis
(involving 1 RCT, 7 cohort studies, and
4 case studies)

106 CD
patients

Cheng et al.

(2021) [84] FMT

NR

Pooled rate of clinical remission
was 0.62 (95% CI 0.48, 0.81) (based
on 11 studies).

Pooled proportion of CD patients
that achieved clinical response was
0.79 (95% CI10.71, 0.89) (based on

7 studies) with low heterogeneity
(12 = 43%).

Most AEs were minor and
self-resolving.

No major FMT-related AEs were
reported.

Frozen donor stool (202 pt); Fresh donor8 pt via
the upper G stool (105 pt); Frozen or fresh stools
(136 pt); frozen stools and oral capsules (12 pt);
395 pt via the lower GI tract, 41 tract.

IBD patients
(438 UC and
17 CD)

Tan et al.

(2022) [85] FTM vs. placebo

Systemic review with meta-analysis

NR

Clinical remission (based on

11 studies): RR: 1.44, 95% CI: 1.03 to
2.02, 12 = 38%, p = 0.03 with no
significant heterogeneity.

Clinical response (reported by

8 studies): RR 1.34, 95% CI: 0.92 to
1.94, 12 = 51%, p = 0.12, with
moderate heterogeneity.

Most AEs were mild and
self-resolving.

UC: Ulcerative Colitis; CD: Crohn’s Disease; IBD: Inflammatory Bowel disease; CP: Chronic Pouchitis OR: Odds Ratio; AE: Adverse Events; SAE: Serious Adverse Events; CI: Confidence

Interval; pt: patients; NR: Not Reported.
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A total of 67 pediatric IBD patients (47 with UC and 20 with CD) and 252 adult IBD
patients (178 with UC and 74 with CD) were included in the subgroup analysis. Clinical
remission was achieved by 6 of the 47 pediatric UC patients and 45 of the 178 adult UC
patients. Among pediatric CD patients, 9 out of 20 achieved clinical remission, while 31 out
of 74 adult CD patients did the same. The pooled estimate of clinical remission following
FMT was 10% (95% CI: 0—-43%) for pediatric UC and 45% (95% CI: 24-66%) for pediatric
CD, compared to 26% (95% CI: 10-48%) for adult UC and 22% (95% CI: 3-52%) for adult
CD. The efficacy of FMT in IBD patients was not influenced by the type of stool (fresh or
frozen), delivery route, or antibiotic pretreatment. It is important to underline that data on
the effects of FMT in pediatric IBD were limited, and no randomized controlled trial was
included [83].

The pediatric population, with its dynamic and developing gut microbiome, can
experience a more aggressive course of CD and UC compared to adults. This suggests
that pediatric IBD may have a pathophysiology distinct from adult-onset IBD. Unlike
adults, children have a less stable microbiome, and there is a paucity of literature on the
topic [89]. Recent evidence suggests that the microbiome composition during childhood
and adolescence is delicate and dynamic, and its composition is especially susceptible to
environmental factors [87].

Therefore, the role of FMT in the management of pediatric IBD needs to be thoroughly
assessed, as current data on this subject are extremely constrained. Available results are
limited by the lack of established protocols and long-term follow-up data. Further research
is necessary to elucidate the potential of FMT as a therapeutic strategy in the pediatric
population (Table 4).

4.4. FMT for CDI in IBD

Recurrent CDI is characterized by the disruption of healthy gut microbiota, and FMT
aids in restoring gut flora diversity, thereby reducing the risk of additional CDI episodes.
The risk of CDl is elevated in individuals with IBD because of the underlying dysbiosis [90].

For both mild and severe cases of recurrent or refractory CDI in IBD patients, FMT
is recommended as a therapeutic option. Indeed, FMT is effective for the treatment of
recurrent CDI in patients without IBD as well as IBD patients [9].

In a systematic review and meta-analysis by Tariq et al., FMT was proved to be effective
and safe as a therapy for CDI in IBD patients. Out of 457 adult patients, 363 experienced
CDI resolution following the first FMT, resulting in a pooled cure rate of 78% (95% CI:
73-83%; 12 = 39%). When considering both single and multiple FMTs, the overall pooled
cure rate was 88% (95% CI: 81-94%; 12 = 73%). However, approximately 26.8% (95% CI:
22.5-31.6%; 12 = 9%) of adult patients experienced a flare-up of IBD following FMT, and
7.3% (95% CI: 4.7-10.5%; 12 = 56%) necessitated colectomy. In pediatric patients, among
141 participants, 106 achieved CDI resolution after the first FMT, achieving a pooled cure
rate of 78% (95% CI: 58-93%; 12 = 59%). The pooled cure rate for both single and multiple
FMTs was 77% (95% CI: 50-96%; 12 = 63%). About 10.8% (95% CI: 5.7-18.5%; 12 = 43%) of
pediatric patients experienced an IBD flare following FMT, with 10.3% (95% CI: 2.1-30.2%;
12 = 23%) needing a colectomy. The effectiveness of FMT for CDI seems to be less effective
in patients with IBD patients compared to those without IBD, likely due to an already
disrupted gut microbiome. Overall, FMT is very effective in preventing recurrent CDI
among IBD patients, with multiple FMTs providing greater benefit for those who do not
respond to a single FMT [91].

However, studies in patients with UC indicate that single-dose FMT does not effec-
tively prevent UC flares. Hence, there is insufficient evidence to support FMT as a treatment
for CDl initial episodes in IBD [9].
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Table 4. Selected evidence on FMT in pediatric IBD patients.

Authors (Year) Study Design Sample Size Treatment FMT Characteristics Concomitant Therapies  Results Safety Outcomes
1 month after FMT: the Pooled rate of AE: 29% (95%
From commercial stool clinical response was [CI]: 15.0%, 44.0%; p < 0.001;
Systematic review with 352 pediatric IBD banks, screened and achieved in 58.8% of 12 = 89.0%, Q = 94.53).
Hsu et al. (2023) [88] ta-analvsi tient FEMT l/t dd NR patients; clinical remission Pooled rate of SAEs: 10%
meta-analysis patients url‘rf Zecl onors, was achieved in 64.7% of (95% [CI]: 6.0%, 14.0%;
related donors patients; 44.1% of patients p=0.28;12 = 18.0%,
achieved both Q=9.79)
Pooled estimate of clinical FMT was tolerable and safe
67 pediatric IBD remission of FMT was: 10%  for IBD. Reported AEs:
patients (47 UC and Fresh donor stool Steroids for pediatric UC (95% CI: fever, abdominal pain,
Fang et al. (2018) [83] Systematic review with 20 CD) and 252 adult FMT frozen donor stooll or immuno/mo dulators 0-43%), 45% for pediatric bloating, diarrhea, nasal
’ : meta-analysis IBD patients (178 UC NR ! biologic therapy ! CD (95% CI: 24-66%), 26% congestion, vomiting, and

and
74 CD)

(95% CI:10-48%) for adult
UC; 22% (95% CI = 3-52%)
for adult CD

sore throat (most of which
are self-limiting, lasting no
more than 24 h)

UC: Ulcerative Colitis; CD: Crohn’s Disease; IBD: Inflammatory Bowel disease; OR: Odds Ratio; AE: Adverse Events; SAE: Serious Adverse Events; CI: Confidence Interval; NR: Not

Reported.
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4.5. FMT Safety in IBD

Due to the lack of long-term data, the safety profile of FMT remains uncertain. Al-
though FMT has demonstrated positive outcomes in patients with IBD in small case series
and retrospective studies, it is not without risks. Despite perceptions of FMT as a “natural”
treatment by both patients and physicians, potential adverse effects exist, including the
risk of disease transmission from donor feces [92].

Adverse events appear to be less frequent when FMT is administered to the lower
gastrointestinal tract, meaning directly via endoscopy into the terminal ileum, cecum, or
sigmoid or using a rectal enema. Enteric pathogen transmission, a significant concern, is
rare due to rigorous donor screening processes. However, several adverse effects have been
reported in IBD patients undergoing FMT, including moderate fever and mild gastroin-
testinal issues. These adverse reactions can be categorized into short-term and long-term
effects [93]. Short-term adverse effects include abdominal tenderness, pain, bloating, flat-
ulence, diarrhea or constipation, borborygmus, nausea, vomiting (especially in patients
receiving the oral FMT route), and transient fever. Potential long-term adverse effects are
more severe and may include infections, sepsis, the transmission of enteric pathogens, or
unrecognized infectious agents such as HIV or hepatitis C, which could manifest years
later. Furthermore, there is limited information available on the immunologic effects of
FMT, including the potential for latent infections. Additionally, FMT has been described
as potentially connected to various diseases or conditions via alterations in the intestinal
microbiota, with colon cancer, obesity, atherosclerosis, diabetes, asthma, non-alcoholic fatty
liver disease, and autism being of particular concern [8,94].

4.5.1. FMT Safety in UC

The available data on FMT in UC patients indicate that FMT carries a low risk in
terms of safety in the induction of remission in mild to moderate UC. In the meta-analysis
by Paramsothy et al. after FMT in UC, common adverse events were transient minor
gastrointestinal symptoms, such as bloating, diarrhea and flatulence, and transient fever.
Most adverse events resolved spontaneously within days after the procedure [76].

Costello et al. outlined how FMT was well tolerated in UC patients, with the most
common reported adverse events being self-limiting gastrointestinal complaints. The most
frequently reported serious adverse event included worsening colitis (observed in 3 out of
140 patients in the donor groups and 4 out of 137 patients in the placebo groups), three cases
of small bowel CD and two cases of C. difficile colitis, one of which required colectomy [70].
Two of the included studies reported adverse events more extensively, with a percentage of
patients in the donor arms having a minimum of one adverse event, equal to 79% versus
75% in the placebo one [95,96]. However, there were no significant differences in either the
frequency or the types of adverse events between the donor and placebo groups in any of
the studies [70,95,96].

4.5.2. FMT Safety in CD

There are insufficient data on FMT safety in CD, and no conclusion can be drawn on
the topic, given the lack of large RCTs and long-term follow-up data [9].

The Caldeira et al. meta-analysis, including 16 studies and four RCTs, reported the
frequency of any adverse event equal to 26.9% [95% CI 16.540.6] and 48.2% [95% CI 15.4-82.6],
respectively. The overall incidence of adverse events was 29.2% [95% CI 18.8-42.5]. Most of these
events were mild, including symptoms such as diarrhea, abdominal pain, nausea, flatulence,
and fever, which typically resolved within 24 h post-transplant [80]. In the subgroup analysis,
no significant difference was found in adverse events based on the type of donor. On the other
hand, a notable difference emerged when comparing the type of stool used, with a higher
incidence of adverse events observed in procedures using frozen fecal material compared to
fresh stool or capsules. Similarly, in the subgroup analysis by IBD type, a very low incidence of
adverse events was noted in CD patients. However, these findings should be interpreted with
caution, as many of the included studies did not standardize the reporting of adverse events,
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potentially leading to bias. Consequently, it is difficult to definitively conclude whether stool
characteristics or IBD type influence the occurrence of procedure-related adverse events [80].

The systematic review and meta-analysis by Cheng et al. also assessed FMT safety
in CD. The majority of adverse events were mild and self-limiting, with no major FMT-
related complications reported. However, 13 serious adverse events were noted in the
study conducted by Sokol et al. [79], among which there were nine cases of CD flares
(six occurring in the sham group and three in the FMT group): although the incidence of
flares was lower in the FMT group compared to the sham group, the difference was not
statistically significant [84].

It is important to note that the small sample size and the absence of a control arm in
most of the available studies hinder the ability to standardize the assessment of adverse
events. Moving forward, it is essential to include more patients with long-term follow-up
to thoroughly evaluate the safety of FMT treatment for CD [80,84].

Safety concerns are certainly questioned in the pediatric population as well. The
systematic review by Hsu et al. assessing FMT in pediatric IBD patients showed a pooled
rate of adverse events of 29% (95% CI: 15—44%), with serious adverse events at 10% (95%
CI: 6-14%). Most of the events were mild, including abdominal pain, bloating, nausea,
vomiting, and diarrhea, suggesting a good FMT safety profile [88].

Indeed, many of the symptoms reported as common adverse events in FMT studies
can be seen in IBD patients at baseline, and multiple papers have acknowledged that it can
be difficult to discern whether the symptoms are truly FMT-related or are justified by the
underlying disease process [88].

In summary, while FMT shows promise as a treatment for IBD, its safety profile
necessitates further investigation, particularly regarding long-term risks and adverse effects,
especially serious ones, including disease exacerbation [9].

4.6. FMT Perspectives in IBD Management

Many therapeutic options are currently available for treating IBD, and significant
progress has been made in managing these conditions. However, new and combined
strategies are needed, especially for patients who fail to respond to existing treatments.
In this context, further research is necessary to explore the combination of FMT with
current IBD therapies, including corticosteroids, biological agents, and small molecules.
This combined approach, targeting both the immune response and the gut microbiome
composition, may achieve higher remission rates than individual treatments. Studies
are required to assess the role of FMT as a stand-alone treatment for IBD, as well as in
combination with currently available treatment approaches. Additionally, studies should
investigate FMT’s potential to prevent disease onset and postoperative recurrence [9].

4.7. Associate Role of Nutrition and Diet

The effectiveness of gut microbiome modulation via FMT may be enhanced through
additional approaches. These include implementing a supportive anti-inflammatory dietary
regimen for both donors and recipients, optimizing bowel preparation and administering
antibiotics before FMT, and incorporating probiotic, prebiotic, synbiotic, and postbiotic
supplementation [9].

Diet may have a relevant role in enhancing the FMT effect. For instance, an RCT by
Kedia et al. proved that combining FMT with an anti-inflammatory diet (FMT-AID) may
be effective in inducing both clinical and endoscopic remission in patients with mild to
moderate UC. AID’s main principles were the avoidance of gluten-based grains, dairy
products, refined sugars, processed and red meat, and food additives while increasing the
intake of fermented foods, fresh fruits, polyphenols, and vegetables, including the AhR
(aryl hydrocarbon receptor) ligand-rich ones [97].

In the study conducted by Kedia, FMT-AID demonstrated greater efficacy compared
to standard medical therapy in achieving clinical response (23/35, or 65.7%, vs. 11/31, or
35.5%, p = 0.01, OR 3.5 [95% CI 1.3 to 9.6]), remission (21/35, or 60%, vs. 10/31, or 32.3%,
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p =0.02, OR 3.2 [95% CI 1.1 to 8.7]), and deep remission (12/33, or 36.4%, vs. 2/23, or
8.7%, p = 0.03, OR 6.0 [95% CI 1.2 to 30.2]) at 8 weeks. Further, the continuation of an
anti-inflammatory diet alone was effective in maintaining clinical and endoscopic remission
compared to standard medical therapy until 48 weeks of evaluation (6/24 (25%) vs. 0/27,
p =0.007) [97].

The role of diet in IBD management and the interplay between diet, microbiota, and
IBD is further proved by the example of Crohn’s Disease Exclusion Diet (CDED). CDED is a
restrictive diet that eliminates or reduces the intake of specific dietary components, including
animal fats, gluten, dairy products, simple sugar, red and processed meats, and various
food additives such as emulsifiers, sulfites, artificial sweeteners, taurine, and carrageenan.
This diet is often used in conjunction with partial enteral nutrition (PEN) to help achieve
disease remission by avoiding these particular dietary elements. A systematic review by
Correia et al. examined the available evidence on the effectiveness of combining CDED
with PEN for inducing remission in both pediatric and adult patients with active CD [98].
The use of this dietary approach implies a cause-and-effect relationship, suggesting that the
components eliminated by the CDED may contribute to inflammation through disruption
of the intestinal microbiota, leading to dysbiosis. By removing these elements, the diet
appears to have a positive impact on the health of the intestinal mucosa [99-101]. Thereby,
diet may have a relevant role in shaping microbiota’s composition in order to reduce or
prevent the inflammatory processes caused by its alteration, potentially contributing to CD
management and mucosal healing achievement, which is a critical goal in CD remission and
management [100,102]. Studies are needed to provide evidence-based data on the use of
diet as a complementary approach to enhance FMT effectiveness.

5. Discussion

The recognition of the gut microbiota as a critical factor in the development of various
chronic inflammatory diseases has spurred a growing interest in the use of FMT for a wider
array of conditions. Despite this, the success of FMT in these new applications has not
matched the clear efficacy observed in treating CDI, which remains the sole approved use
of FMT [86]. CDI has a relatively straightforward pathogenesis driven by the overgrowth
of C. difficile due to disruption of the normal gut microbiota. FMT is effective in CDI
because it reestablishes a balanced microbial community, which can outcompete and
inhibit C. difficile, leading to the resolution of the infection [8,9]. On the other hand, IBD is
characterized by a complex interplay of genetic, environmental, immune, and microbial
factors, which involves complex interactions among various bacterial strains; therefore, the
altered microbiota composition in IBD patients may not be fully corrected by FMT. The
multifaceted nature of IBD means that FMT may not be as successful in managing IBD
due to the chronic and diverse nature of its underlying causes, with some studies showing
initial improvement but less consistent long-term benefits [76].

Immune system interactions are also involved with a significant role: IBDs are char-
actherized by chronic inflammation and immune system dysregulation [1,4]. The altered
immune responses in IBD patients can limit the ability of transplanted microbiota to exert
beneficial effects [1]. This contrasts with the rationale for using FMT to treat CDI, where
the primary concern is microbial imbalance rather than immune dysfunction. Furthermore,
IBD is often associated with mucosal barrier dysfunction [1]. Persistent inflammation and
damage to the mucosal barrier can reduce the effectiveness of FMT to restore normal gut
function and microbial stability. Even more, FMT protocols for CDI are relatively standard-
ized, which contributes to their high success rate. Conversely, protocols for IBD are less
established and vary between studies [70,76,80,83-85,88], affecting the results and leading
to uncertainty regarding the best methods and modalities to carry out FMT [2].

Up-to-date studies on FMT outlined its potentiality in autoimmune diseases, behav-
ioral diseases, metabolic disorders, and organic diseases [103,104]. Among the possible
applications for its practice, IBD and, in particular, UC appears to benefit from FMT as
a potentially effective treatment in both adults and children. Evidence from systematic
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reviews and meta-analyses underscores the potential of FMT as a viable treatment for IBD,
especially for inducing clinical remission and response [9].

However, available research on this topic is composed of heterogeneous works; there-
fore, its use is today confined to the research setting [9]. Further research is, indeed, needed
before FMT can be recognized as a standard strategy for IBD treatment, aiming to improve
knowledge about short- and long-term success rates. Standardized procedures will be
essential to fully realize FMT’s therapeutic potential for IBD. Future studies should focus
on standardizing FMT procedures and exploring its role as maintenance therapy. How-
ever, standardizing FMT is extremely challenging, given that 20-50% of shotgun metage-
nomics reads cannot be mapped, 30-50% of identified genes are of unknown function, and
80-90% of metabolites cannot be identified. Furthermore, elements in the microbiota, such
as viruses, archaea, fungi, and protists, are not analyzed or considered in most of the
published FMT studies [105,106].

Many aspects need to be addressed and studied to truly include FMT among the pos-
sible therapeutic strategies in the future IBD management: donor-related factors, recipient-
related factors, donor-recipient engraftment, FMT dose, its preparation as well as its
delivery route, the frequency of its administration and the possible markers to assess its
efficacy and its role in disease course [62].

The success of FMT depends on the compatibility between donor and patient mi-
crobiota, making donor screening essential. Following the CDI protocol for screening
not only enhances efficacy but also helps prevent adverse events [62]. However, the risk
of associated complications is still uncertain due to insufficient long-term efficacy and
safety data and the lack of information regarding patient phenotype and donor selection
strategy [9,62].

Achieving donor-recipient microbiota compatibility requires an assessment of both
donor-related factors and recipient-related factors: both donor and recipients should be
evaluated based on underlying disease, genetic factors, immune state, and microbiota
composition [62]. The importance of these evaluations is further proved by findings
coming from trials about FMT applications in other conditions: studies in patients with
multiple sclerosis, non-alcoholic steatohepatitis, and irritable bowel syndrome suggest that
FMT requires successful engraftment of donor microbiota for long-term symptom relief.
Despite efforts to monitor strain engraftment levels, much remains to be understood about
donor-recipient compatibility [107-109].

Modern technology may guide us in seeking compatibility: advances in technology,
such as analytic modeling and artificial intelligence, could facilitate the selection process in
finding donors and their corresponding recipients, and vice versa [62]. Specific matching
models, based on analytic hierarchy processes or machine-learning approaches, have
been defined as capable of preliminarily identifying the most suitable donor for a specific
recipient. These findings support the advancement of efforts in this field [62,110,111].

Additionally, procedure-related factors must be addressed: available studies on FMT
are extremely heterogeneous, especially from the perspective of FMT timing, administration
route, dose, repetition, antibiotic pre-medication, and recipient pre-conditioning. Thereby,
the modalities trough which we should provide FMT treatment remain uncertain and not
standardized [62].

Furthermore, in order to evaluate FMT results, outcomes evaluation is paramount.
Apart from the outcomes of clinical and endoscopic remission, microbial markers, like
increased microbiome diversity, should be assessed and correlated with FMT success
or failure in future studies. However, current evidence suggests that single taxa are
not consistent predictors of clinical outcomes and that the role of the microbiome in
the natural course of diseases is by far more complex [66]. Thereby, markers capable
of predicting patient response should be found to provide and enable personalized and
precision medicine approaches [9].
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6. Conclusions

In conclusion, FMT represents a potential treatment for IBD patients, serving as a
strategy to enhance clinical outcomes, including achieving endoscopic remission. Further
work is required to assess the role of FMT either as a stand-alone therapy or in combina-
tion with currently available treatment approaches. Further studies to develop protocols
for conducting FMT and to identify markers capable of assessing patients’ therapeutic
responses are needed. IBD management requires new and combined strategies to assure
patients with personalized and precise solutions to achieve disease remission. FMT has the
potential to become one of these strategies.

Author Contributions: Conceptualization, M.A. and ED.; formal analysis, M.A. and ED.; investigation,
EE. (Fabrizio Fanizzi), ED. and 1.Z.B.; resources, EF. (Fabrizio Fanizzi), ED. and 1.Z.B.; data curation, EF.
(Fabrizio Fanizzi), ED. and 1.Z.B.; writing—original draft preparation, EE. (Fabrizio Fanizzi), E.D. and
1.Z.B.; writing—review and editing, ED., M.A., A.Z., EF. (Federica Furfaro), T.L.P, G.F, C.C, L.P-B.
and S.D. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: F.D. has served as a speaker for Abbvie, Sandoz, Janssen, Galapagos, Omega
Pharma, Takeda, and Tillotts; he also served as a consultant for Ferring and as an advisory board
member for Galapagos Abbvie, Janssen, and Nestle. S.D. has served as a speaker, consultant, and
advisory board member for Schering-Plough, AbbVie, Actelion, Alphawasserman, AstraZeneca,
Cellerix, Cosmo Pharmaceuticals, Ferring, Genentech, Grunenthal, Johnson and Johnson, Millenium
Takeda, MSD, Nikkiso Europe GmbH, Novo Nordisk, Nycomed, Pfizer, Pharmacosmos, UCB Pharma
and Vifor. L.P.B. declares personal fees from Galapagos, AbbVie, Janssen, Genentech, Ferring, Tillots,
Celltrion, Takeda, Pfizer, Index Pharmaceuticals, Sandoz, Celgene, Biogen, Samsung Bioepis, Inotrem,
Allergan, MSD, Roche, Arena, Gilead, Amgen, BMS, Vifor, Norgine, Mylan, Lilly, Fresenius Kabi, OSE
Immunotherapeutics, Enthera, Theravance, Pandion Therapeutics, Gossamer Bio, Viatris, Thermo
Fisher; grants from Abbvie, MSD, Takeda, Fresenius Kabi; stock options from CTMA. F. Furfaro
received consulting fees from Amgen and AbbVie and lecture fees from Janssen and Pfizer. G.F.
received consultancy fees from Ferring, MSD, AbbVie, Takeda, Janssen, Amgen, Sandoz, Samsung
Bioepis, and Celltrion. M.A. has received consulting fees from Nikkiso Europe, Mundipharma,
Janssen, AbbVie, Pfizer, and Ferring. A.Z. received consulting fees from Galapagos and Abbvie
and has served as a speaker for Sandoz, Janssen, Galapagos, Pfizer, Abbvie, and Takeda. The other
authors have no conflicts of interest to declare.

References

1. Khor, B.; Gardet, A.; Xavier, R.J. Genetics and pathogenesis of inflammatory bowel disease. Nature 2011, 474, 307-317. [CrossRef]
[PubMed]

2. Veltkamp, C.; Tonkonogy, S.L.; De Jong, Y.P; Albright, C.; Grenther, W.B.; Balish, E.; Terhorst, C.; Sartor, R.B. Continuous
stimulation by normal luminal bacteria is essential for the development and perpetuation of colitis in Tge26 mice. Gastroenterology
2001, 120, 900-913. [CrossRef] [PubMed]

3. MetaHIT Consortium; Qin, J.; Li, R.; Raes, J.; Arumugam, M.; Burgdorf, K.S.; Manichanh, C.; Nielsen, T.; Pons, N.; Levenez, F;
et al. A human gut microbial gene catalogue established by metagenomic sequencing. Nature 2010, 464, 59-65. [CrossRef]

4. Morgan, X.C,; Tickle, T.L.; Sokol, H.; Gevers, D.; Devaney, K.L.; Ward, D.V.; Reyes, ].A.; Shah, S.A.; LeLeiko, N.; Snapper, S.B.; et al.
Dysfunction of the intestinal microbiome in inflammatory bowel disease and treatment. Genome Biol. 2012, 13, R79. [CrossRef]

5. Benech, N.; Sokol, H. Targeting the gut microbiota in inflammatory bowel diseases: Where are we? Curr. Opin. Microbiol. 2023,
74,102319. [CrossRef]

6.  Sartor, R.B.; Wu, G.D. Roles for Intestinal Bacteria, Viruses, and Fungi in Pathogenesis of Inflammatory Bowel Diseases and
Therapeutic Approaches. Gastroenterology 2017, 152, 327-339.e4. [CrossRef]

7. Knox, N.C; Forbes, ].D.; Van Domselaar, G.; Bernstein, C.N. The Gut Microbiome in Inflammatory Bowel Disease: Lessons
Learned from Other Immune-Mediated Inflammatory Diseases. Am. J. Gastroenterol. 2019, 114, 1051-1070. [CrossRef]

8. Boicean, A.; Birlutiu, V.; Ichim, C.; Anderco, P,; Birsan, S. Fecal Microbiota Transplantation in Inflammatory Bowel Disease.
Biomedicines 2023, 11, 1016. [CrossRef]

9. Lopetuso, L.R.; Deleu, S.; Godny, L.; Petito, V.; Puca, P; Facciotti, F.; Sokol, H.; Ianiro, G.; Masucci, L.; Abreu, M.; et al. The first
international Rome consensus conference on gut microbiota and faecal microbiota transplantation in inflammatory bowel disease.
Gut 2023, 72, 1642-1650. [CrossRef]

10. Gilliland, A.; Chan, ].J.; De Wolfe, T.]J.; Yang, H.; Vallance, B.A. Pathobionts in Inflammatory Bowel Disease: Origins, Underlying

Mechanisms, and Implications for Clinical Care. Gastroenterology 2024, 166, 44-58. [CrossRef]


https://doi.org/10.1038/nature10209
https://www.ncbi.nlm.nih.gov/pubmed/21677747
https://doi.org/10.1053/gast.2001.22547
https://www.ncbi.nlm.nih.gov/pubmed/11231944
https://doi.org/10.1038/nature08821
https://doi.org/10.1186/gb-2012-13-9-r79
https://doi.org/10.1016/j.mib.2023.102319
https://doi.org/10.1053/j.gastro.2016.10.012
https://doi.org/10.14309/ajg.0000000000000305
https://doi.org/10.3390/biomedicines11041016
https://doi.org/10.1136/gutjnl-2023-329948
https://doi.org/10.1053/j.gastro.2023.09.019

Microorganisms 2024, 12, 1755 19 of 23

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.
22.
23.
24.
25.
26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Tiffany, C.R.; Biumler, A.J. Dysbiosis: From fiction to function. Am. . Physiol.-Gastrointest. Liver Physiol. 2019, 317, G602-G608.
[CrossRef] [PubMed]

Matsuoka, K.; Kanai, T. The gut microbiota and inflammatory bowel disease. Semin. Immunopathol. 2015, 37, 47-55. [CrossRef]
Levy, M.; Kolodziejczyk, A.A.; Thaiss, C.A.; Elinav, E. Dysbiosis and the immune system. Nat. Rev. Immunol. 2017, 17, 219-232.
[CrossRef] [PubMed]

MetaHIT Consortium (additional members); Arumugam, M.; Raes, J.; Pelletier, E.; Le Paslier, D.; Yamada, T.; Mende, D.R,;
Fernandes, G.R; Tap, J.; Bruls, T.; et al. Enterotypes of the human gut microbiome. Nature 2011, 473, 174-180. [CrossRef]
Walker, A.W.; Sanderson, ].D.; Churcher, C.; Parkes, G.C.; Hudspith, B.N.; Rayment, N.; Brostoff, J.; Parkhill, J.; Dougan, G.;
Petrovska, L. High-throughput clone library analysis of the mucosa-associated microbiota reveals dysbiosis and differences
between inflamed and non-inflamed regions of the intestine in inflammatory bowel disease. BMC Microbiol. 2011, 11, 7. [CrossRef]
Lupp, C.; Robertson, M.L.; Wickham, M.E.; Sekirov, I.; Champion, O.L.; Gaynor, E.C.; Finlay, B.B. Host-Mediated Inflammation
Disrupts the Intestinal Microbiota and Promotes the Overgrowth of Enterobacteriaceae. Cell Host Microbe 2007, 2, 119-129.
[CrossRef]

Lee, M.; Chang, E.B. Inflammatory Bowel Diseases (IBD) and the Microbiome—Searching the Crime Scene for Clues. Gastroen-
terology 2021, 160, 524-537. [CrossRef] [PubMed]

Rohr, M.W,; Narasimhulu, C.A.; Rudeski-Rohr, T.A.; Parthasarathy, S. Negative Effects of a High-Fat Diet on Intestinal Permeabil-
ity: A Review. Adv. Nutr. 2020, 11, 77-91. [CrossRef] [PubMed]

Liu, J.Z.; van Sommeren, S.; Huang, H.; Ng, S.C.; Alberts, R.; Takahashi, A.; Ripke, S.; Lee, J.C.; Jostins, L.; Shah, T.; et al.
Association analyses identify 38 susceptibility loci for inflammatory bowel disease and highlight shared genetic risk across
populations. Nat. Genet. 2015, 47, 979-986. [CrossRef]

Lavoie, S.; Conway, K.L.; Lassen, K.G.; Jijon, H.B.; Pan, H.; Chun, E.; Michaud, M.; Lang, ] K.; Gallini Comeau, C.A.; Dreyfuss,
J.M.; et al. The Crohn’s disease polymorphism, ATG16L1 T300A, alters the gut microbiota and enhances the local Th1/Th17
response. eLife 2019, 8, €39982. [CrossRef]

Cohen, L.J.; Cho, ].H.; Gevers, D.; Chu, H. Genetic Factors and the Intestinal Microbiome Guide Development of Microbe-Based
Therapies for Inflammatory Bowel Diseases. Gastroenterology 2019, 156, 2174-2189. [CrossRef] [PubMed]

Belkaid, Y.; Hand, T.W. Role of the Microbiota in Immunity and Inflammation. Cell 2014, 157, 121-141. [CrossRef] [PubMed]
Fava, F. Intestinal microbiota in inflammatory bowel disease: Friend of foe? World J. Gastroenterol. 2011, 17, 557. [CrossRef]
Winslet, M.C.; Andrews, H.; Allan, R.N.; Keighley, M.R. Faecal diversion for Crohn’s colitis: A model to study the role of the
faecal stream in the inflammatory. Gut 1994, 35, 236-242. [CrossRef]

Janowitz, H.D.; Croen, E.C.; Sachar, D.B. The Role of the Fecal Stream in Crohn’s Disease: An Historical and Analytic Review.
Inflamm. Bowel Dis. 1998, 4, 29-39. [CrossRef]

D’Haens, G.R.; Geboes, K.; Peeters, M.; Baert, F.; Penninckx, F; Rutgeerts, P. Early lesions of recurrent Crohn’s disease caused by
infusion of intestinal contents in excluded ileum. Gastroenterology 1998, 114, 262-267. [CrossRef]

Schaubeck, M.; Clavel, T.; Calasan, J.; Lagkouvardos, I.; Haange, S.B.; Jehmlich, N.; Basic, M.; Dupont, A.; Hornef, M.; Von Bergen,
M.; et al. Dysbiotic gut microbiota causes transmissible Crohn’s disease-like ileitis independent of failure in antimicrobial defence.
Gut 2016, 65, 225-237. [CrossRef] [PubMed]

Chow, J.; Tang, H.; Mazmanian, S.K. Pathobionts of the gastrointestinal microbiota and inflammatory disease. Curr. Opin.
Immunol. 2011, 23, 473-480. [CrossRef]

Mazmanian, S.K.; Round, J.L.; Kasper, D.L. A microbial symbiosis factor prevents intestinal inflammatory disease. Nature 2008,
453, 620-625. [CrossRef]

Stecher, B.; Maier, L.; Hardt, W.-D. ‘Blooming’ in the gut: How dysbiosis might contribute to pathogen evolution. Nat. Rev.
Microbiol. 2013, 11, 277-284. [CrossRef]

Devkota, S.; Wang, Y.; Musch, M.W.; Leone, V.; Fehlner-Peach, H.; Nadimpalli, A.; Antonopoulos, D.A.; Jabri, B.; Chang, E.B.
Dietary-fat-induced taurocholic acid promotes pathobiont expansion and colitis in I110—/— mice. Nature 2012, 487, 104-108.
[CrossRef]

Winter, S.E.; Winter, M.G.; Xavier, M.N.; Thiennimitr, P.; Poon, V.; Keestra, A.M.; Laughlin, R.C.; Gomez, G.; Wu, ].; Lawhon, S.D.;
et al. Host-Derived Nitrate Boosts Growth of E. coli in the Inflamed Gut. Science 2013, 339, 708-711. [CrossRef] [PubMed]
Swidsinski, A.; Weber, J.; Loening-Baucke, V.; Hale, L.P.; Lochs, H. Spatial Organization and Composition of the Mucosal Flora in
Patients with Inflammatory Bowel Disease. |. Clin. Microbiol. 2005, 43, 3380-3389. [CrossRef]

Ha, CW.Y,; Martin, A.; Sepich-Poore, G.D.; Shi, B.; Wang, Y.; Gouin, K.; Humphrey, G.; Sanders, K.; Ratnayake, Y.; Chan, K.S.L,;
et al. Translocation of Viable Gut Microbiota to Mesenteric Adipose Drives Formation of Creeping Fat in Humans. Cell 2020, 183,
666—683.e17. [CrossRef] [PubMed]

Mottawea, W.; Chiang, C.K.; Miihlbauer, M.; Starr, A E.; Butcher, J.; Abujamel, T.; Deeke, S.A.; Brandel, A.; Zhou, H.; Shokralla,
S.; et al. Altered intestinal microbiota—host mitochondria crosstalk in new onset Crohn’s disease. Nat. Commun. 2016, 7, 13419.
[CrossRef]

Hall, A.B.; Yassour, M.; Sauk, J.; Garner, A.; Jiang, X.; Arthur, T.; Lagoudas, G.K.; Vatanen, T.; Fornelos, N.; Wilson, R.; et al.
A novel Ruminococcus gnavus clade enriched in inflammatory bowel disease patients. Genome Med. 2017, 9, 103. [CrossRef]
[PubMed]


https://doi.org/10.1152/ajpgi.00230.2019
https://www.ncbi.nlm.nih.gov/pubmed/31509433
https://doi.org/10.1007/s00281-014-0454-4
https://doi.org/10.1038/nri.2017.7
https://www.ncbi.nlm.nih.gov/pubmed/28260787
https://doi.org/10.1038/nature09944
https://doi.org/10.1186/1471-2180-11-7
https://doi.org/10.1016/j.chom.2007.06.010
https://doi.org/10.1053/j.gastro.2020.09.056
https://www.ncbi.nlm.nih.gov/pubmed/33253681
https://doi.org/10.1093/advances/nmz061
https://www.ncbi.nlm.nih.gov/pubmed/31268137
https://doi.org/10.1038/ng.3359
https://doi.org/10.7554/eLife.39982
https://doi.org/10.1053/j.gastro.2019.03.017
https://www.ncbi.nlm.nih.gov/pubmed/30880022
https://doi.org/10.1016/j.cell.2014.03.011
https://www.ncbi.nlm.nih.gov/pubmed/24679531
https://doi.org/10.3748/wjg.v17.i5.557
https://doi.org/10.1136/gut.35.2.236
https://doi.org/10.1097/00054725-199802000-00006
https://doi.org/10.1016/S0016-5085(98)70476-7
https://doi.org/10.1136/gutjnl-2015-309333
https://www.ncbi.nlm.nih.gov/pubmed/25887379
https://doi.org/10.1016/j.coi.2011.07.010
https://doi.org/10.1038/nature07008
https://doi.org/10.1038/nrmicro2989
https://doi.org/10.1038/nature11225
https://doi.org/10.1126/science.1232467
https://www.ncbi.nlm.nih.gov/pubmed/23393266
https://doi.org/10.1128/JCM.43.7.3380-3389.2005
https://doi.org/10.1016/j.cell.2020.09.009
https://www.ncbi.nlm.nih.gov/pubmed/32991841
https://doi.org/10.1038/ncomms13419
https://doi.org/10.1186/s13073-017-0490-5
https://www.ncbi.nlm.nih.gov/pubmed/29183332

Microorganisms 2024, 12, 1755 20 of 23

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Henke, M.T.; Brown, E.M; Cassilly, C.D.; Vlamakis, H.; Xavier, R.].; Clardy, J. Capsular polysaccharide correlates with immune
response to the human gut microbe Ruminococcus gnavus. Proc. Natl. Acad. Sci. USA 2021, 118, €2007595118. [CrossRef]

Henke, M.T.; Kenny, D.J.; Cassilly, C.D.; Vlamakis, H.; Xavier, R.J.; Clardy, J. Ruminococcus gnavus, a member of the human gut
microbiome associated with Crohn’s disease, produces an inflammatory polysaccharide. Proc. Natl. Acad. Sci. USA 2019, 116,
12672-12677. [CrossRef]

Jain, U.; Ver Heul, A.M.; Xiong, S.; Gregory, M.H.; Demers, E.G.; Kern, ].T.; Lai, C.W.; Muegge, B.D.; Barisas, D.A.G.; Leal-Ekman,
J.S.; et al. Debaryomyces is enriched in Crohn’s disease intestinal tissue and impairs healing in mice. Science 2021, 371, 1154-1159.
[CrossRef]

Mills, R.H.; Dulai, P.S.; Vazquez-Baeza, Y.; Sauceda, C.; Daniel, N.; Gerner, R.R; Batachari, L.E.; Malfavon, M.; Zhu, Q.; Weldon,
K.; et al. Multi-omics analyses of the ulcerative colitis gut microbiome link Bacteroides vulgatus proteases with disease severity.
Nat. Microbiol. 2022, 7, 262-276. [CrossRef]

Mirsepasi-Lauridsen, H.C.; Du, Z.; Struve, C.; Charbon, G.; Karczewski, J.; Krogfelt, K.A.; Petersen, A.M.; Wells, ].M. Secretion of
Alpha-Hemolysin by Escherichia coli Disrupts Tight Junctions in Ulcerative Colitis Patients. Clin. Transl. Gastroenterol. 2016, 7,
e149. [CrossRef] [PubMed]

Mirsepasi-Lauridsen, H.C.; Vallance, B.A.; Krogfelt, K.A.; Petersen, A.M. Escherichia coli Pathobionts Associated with Inflammatory
Bowel Disease. Clin. Microbiol. Rev. 2019, 32, e00060-18. [CrossRef] [PubMed]

Moyes, D.L.; Wilson, D.; Richardson, ].P.; Mogavero, S.; Tang, S.X.; Wernecke, J.; Hofs, S.; Gratacap, R.L.; Robbins, J.; Runglall, M.;
et al. Candidalysin is a fungal peptide toxin critical for mucosal infection. Nature 2016, 532, 64-68. [CrossRef]

Li, X.V,; Leonardi, I.; Putzel, G.G.; Semon, A.; Fiers, W.D.; Kusakabe, T.; Lin, W.Y.; Gao, I.H.; Doron, 1.; Gutierrez-Guerrero, A.;
et al. Inmune regulation by fungal strain diversity in inflammatory bowel disease. Nature 2022, 603, 672—-678. [CrossRef]
Keshavarzian, A. Increases in free radicals and cytoskeletal protein oxidation and nitration in the colon of patients with
inflammatory bowel disease. Gut 2003, 52, 720-728. [CrossRef]

Atarashi, K.; Tanoue, T.; Shima, T.; Imaoka, A.; Kuwahara, T.; Momose, Y.; Cheng, G.; Yamasaki, S.; Saito, T.; Ohba, Y.; et al.
Induction of Colonic Regulatory T Cells by Indigenous Clostridium Species. Science 2011, 331, 337-341. [CrossRef]

Sokol, H.; Pigneur, B.; Watterlot, L.; Lakhdari, O.; Bermudez-Humaran, L.G.; Gratadoux, ].J.; Blugeon, S.; Bridonneau, C.; Furet,
J.P; Corthier, G.; et al. Faecalibacterium prausnitzii is an anti-inflammatory commensal bacterium identified by gut microbiota
analysis of Crohn disease patients. Proc. Natl. Acad. Sci. USA 2008, 105, 16731-16736. [CrossRef]

Limon, ].J.; Tang, J.; Li, D.; Wolf, A .].; Michelsen, K.S.; Funari, V.; Gargus, M.; Nguyen, C.; Sharma, P.; Maymi, V.I; et al. Malassezia
Is Associated with Crohn’s Disease and Exacerbates Colitis in Mouse Models. Cell Host Microbe 2019, 25, 377-388.e6. [CrossRef]
Norman, ].M.; Handley, S.A.; Baldridge, M.T.; Droit, L.; Liu, C.Y.; Keller, B.C.; Kambal, A.; Monaco, C.L.; Zhao, G.; Fleshner,
P; et al. Disease-Specific Alterations in the Enteric Virome in Inflammatory Bowel Disease. Cell 2015, 160, 447-460. [CrossRef]
[PubMed]

Zuo, T,; Lu, XJ.; Zhang, Y.; Cheung, C.P; Lam, S.; Zhang, F; Tang, W.; Ching, ].Y.L.; Zhao, R.; Chan, PK.S.; et al. Gut mucosal
virome alterations in ulcerative colitis. Gut 2019, 68, 1169-1179. [CrossRef]

Sokol, H.; Leducq, V.; Aschard, H.; Pham, H.P; Jegou, S.; Landman, C.; Cohen, D.; Liguori, G.; Bourrier, A.; Nion-Larmurier, I.;
et al. Fungal microbiota dysbiosis in IBD. Gut 2017, 66, 1039-1048. [CrossRef] [PubMed]

Gevers, D.; Kugathasan, S.; Denson, L.A.; Vazquez-Baeza, Y.; Van Treuren, W.; Ren, B.; Schwager, E.; Knights, D.; Song, S.J.;
Yassour, M.; et al. The Treatment-Naive Microbiome in New-Onset Crohn’s Disease. Cell Host Microbe 2014, 15, 382-392. [CrossRef]
[PubMed]

Swiss IBD Cohort Investigators; Yilmaz, B.; Juillerat, P.; @yas, O.; Ramon, C.; Bravo, FED.; Franc, Y.; Fournier, N.; Michetti, P,;
Mueller, C.; et al. Microbial network disturbances in relapsing refractory Crohn’s disease. Nat. Med. 2019, 25, 323-336. [CrossRef]
Haneishi, Y.; Furuya, Y.; Hasegawa, M.; Picarelli, A.; Rossi, M.; Miyamoto, J. Inflammatory Bowel Diseases and Gut Microbiota.
Int. ]. Mol. Sci. 2023, 24, 3817. [CrossRef]

Allegretti, ].R.; Kassam, Z.; Osman, M.; Budree, S.; Fischer, M.; Kelly, C.R. The 5D framework: A clinical primer for fecal
microbiota transplantation to treat Clostridium difficile infection. Gastrointest. Endosc. 2018, 87, 18-29. [CrossRef]
FMT-Standardization Study Group; Zhang, E; Cui, B.; He, X.; Nie, Y.; Wu, K,; Fan, D. Microbiota transplantation: Concept,
methodology and strategy for its modernization. Protein Cell 2018, 9, 462—473. [CrossRef]

Kassam, Z.; Lee, C.H.; Yuan, Y.; Hunt, R.H. Fecal Microbiota Transplantation for Clostridium difficile Infection: Systematic
Review and Meta-Analysis. Am. J. Gastroenterol. 2013, 108, 500-508. [CrossRef]

Quraishi, M.N.; Widlak, M.; Bhala, N.A.; Moore, D.; Price, M.; Sharma, N.; Igbal, T.H. Systematic review with meta-analysis: The
efficacy of faecal microbiota transplantation for the treatment of recurrent and refractory Clostridium difficile infection. Aliment.
Pharmacol. Ther. 2017, 46, 479-493. [CrossRef]

Ianiro, G.; Maida, M.; Burisch, J.; Simonelli, C.; Hold, G.; Ventimiglia, M.; Gasbarrini, A.; Cammarota, G. Efficacy of different
faecal microbiota transplantation protocols for Clostridium difficile infection: A systematic review and meta-analysis. United Eur.
Gastroenterol. |. 2018, 6, 1232-1244. [CrossRef]

McDonald, L.C.; Gerding, D.N.; Johnson, S.; Bakken, ].S.; Carroll, K.C.; Coffin, S.E.; Dubberke, E.R.; Garey, K.W.; Gould, C.V,;
Kelly, C.; et al. Clinical Practice Guidelines for Clostridium difficile Infection in Adults and Children: 2017 Update by the
Infectious Diseases Society of America (IDSA) and Society for Healthcare Epidemiology of America (SHEA). Clin. Infect. Dis.
2018, 66, e1—e48. [CrossRef]


https://doi.org/10.1073/pnas.2007595118
https://doi.org/10.1073/pnas.1904099116
https://doi.org/10.1126/science.abd0919
https://doi.org/10.1038/s41564-021-01050-3
https://doi.org/10.1038/ctg.2016.3
https://www.ncbi.nlm.nih.gov/pubmed/26938480
https://doi.org/10.1128/CMR.00060-18
https://www.ncbi.nlm.nih.gov/pubmed/30700431
https://doi.org/10.1038/nature17625
https://doi.org/10.1038/s41586-022-04502-w
https://doi.org/10.1136/gut.52.5.720
https://doi.org/10.1126/science.1198469
https://doi.org/10.1073/pnas.0804812105
https://doi.org/10.1016/j.chom.2019.01.007
https://doi.org/10.1016/j.cell.2015.01.002
https://www.ncbi.nlm.nih.gov/pubmed/25619688
https://doi.org/10.1136/gutjnl-2018-318131
https://doi.org/10.1136/gutjnl-2015-310746
https://www.ncbi.nlm.nih.gov/pubmed/26843508
https://doi.org/10.1016/j.chom.2014.02.005
https://www.ncbi.nlm.nih.gov/pubmed/24629344
https://doi.org/10.1038/s41591-018-0308-z
https://doi.org/10.3390/ijms24043817
https://doi.org/10.1016/j.gie.2017.05.036
https://doi.org/10.1007/s13238-018-0541-8
https://doi.org/10.1038/ajg.2013.59
https://doi.org/10.1111/apt.14201
https://doi.org/10.1177/2050640618780762
https://doi.org/10.1093/cid/cix1085

Microorganisms 2024, 12, 1755 21 of 23

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

Ianiro, G.; Bibbo, S.; Scaldaferri, F.; Gasbarrini, A.; Cammarota, G. Fecal Microbiota Transplantation in Inflammatory Bowel
Disease: Beyond the Excitement. Medicine 2014, 93, €97. [CrossRef] [PubMed]

Porcari, S.; Benech, N.; Valles-Colomer, M.; Segata, N.; Gasbarrini, A.; Cammarota, G.; Sokol, H.; Ianiro, G. Key determinants of
success in fecal microbiota transplantation: From microbiome to clinic. Cell Host Microbe 2023, 31, 712-733. [CrossRef]
Moayyedi, P; Surette, M.G.; Kim, P.T.; Libertucci, ].; Wolfe, M.; Onischi, C.; Armstrong, D.; Marshall, ].K.; Kassam, Z.; Reinisch, W.;
et al. Fecal Microbiota Transplantation Induces Remission in Patients with Active Ulcerative Colitis in a Randomized Controlled
Trial. Gastroenterology 2015, 149, 102-109.e6. [CrossRef]

Paramsothy, S.; Nielsen, S.; Kamm, M.A.; Deshpande, N.P,; Faith, J.J.; Clemente, ].C.; Paramsothy, R.; Walsh, A.J.; van den
Bogaerde, J.; Samuel, D.; et al. Specific Bacteria and Metabolites Associated with Response to Fecal Microbiota Transplantation in
Patients with Ulcerative Colitis. Gastroenterology 2019, 156, 1440-1454.e2. [CrossRef]

Kump, P.; Wurm, P.; Grochenig, H.P.; Wenzl, H.; Petritsch, W.; Halwachs, B.; Wagner, M.; Stadlbauer, V.; Eherer, A.; Hoffmann,
K.M,; et al. The taxonomic composition of the donor intestinal microbiota is a major factor influencing the efficacy of faecal
microbiota transplantation in therapy refractory ulcerative colitis. Aliment. Pharmacol. Ther. 2018, 47, 67-77. [CrossRef]

Lee, K.A.; Thomas, A.M.; Bolte, L.A.; Bjork, J.R.; de Ruijter, LK.; Armanini, F; Asnicar, F; Blanco-Miguez, A.; Board, R,;
Calbet-Llopart, N.; et al. Cross-cohort gut microbiome associations with immune checkpoint inhibitor response in advanced
melanoma. Nat. Med. 2022, 28, 535-544. [CrossRef] [PubMed]

Lee, C.H.; Belanger, J.E.; Kassam, Z.; Smieja, M.; Higgins, D.; Broukhanski, G.; Kim, P.T. The outcome and long-term follow-up of
94 patients with recurrent and refractory Clostridium difficile infection using single to multiple fecal microbiota transplantation
via retention enema. Eur. J. Clin. Microbiol. Infect. Dis. 2014, 33, 1425-1428. [CrossRef]

Damman, C.J.; Miller, S.I.; Surawicz, C.M.; Zisman, T.L. The Microbiome and Inflammatory Bowel Disease: Is There a Therapeutic
Role for Fecal Microbiota Transplantation? Am. |. Gastroenterol. 2012, 107, 1452-1459. [CrossRef]

Haifer, C.; Paramsothy, S.; Kaakoush, N.O.; Saikal, A.; Ghaly, S.; Yang, T.; Luu, L.D.W.; Borody, T.]J.; Leong, R.-W. Lyophilised oral
faecal microbiota transplantation for ulcerative colitis (LOTUS): A randomised, double-blind, placebo-controlled trial. Lancet
Gastroenterol. Hepatol. 2022, 7, 141-151. [CrossRef]

Costello, S.P; Soo, W.; Bryant, R.V,; Jairath, V.; Hart, A.L.; Andrews, ]. M. Systematic review with meta-analysis: Faecal microbiota
transplantation for the induction of remission for active ulcerative colitis. Aliment. Pharmacol. Ther. 2017, 46, 213-224. [CrossRef]
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 Transplantation. Am. J.
Gastroenterol. 2013, 108, 1620-1630. [CrossRef] [PubMed]

Suskind, D.L.; Singh, N.; Nielson, H.; Wahbeh, G. Fecal Microbial Transplant Via Nasogastric Tube for Active Pediatric Ulcerative
Colitis. J. Pediatr. Gastroenterol. Nutr. 2015, 60, 27-29. [CrossRef]

Ishikawa, D.; Sasaki, T.; Osada, T.; Kuwahara-Arai, K.; Haga, K.; Shibuya, T.; Hiramatsu, K.; Watanabe, S. Changes in Intestinal
Microbiota Following Combination Therapy with Fecal Microbial Transplantation and Antibiotics for Ulcerative Colitis. Inflamm
Bowel Dis. 2017, 23, 116-125. [CrossRef] [PubMed]

Wei, Y.; Gong, J.; Zhu, W.; Tian, H,; Ding, C.; Gu, L.; Li, N.; Li, J. Pectin enhances the effect of fecal microbiota transplantation in
ulcerative colitis by delaying the loss of diversity of gut flora. BMC Microbiol. 2016, 16, 255. [CrossRef]

Wei, Y.; Zhu, W.; Gong, ].; Guo, D.; Gu, L,; Li, N,; Li, J. Fecal Microbiota Transplantation Improves the Quality of Life in Patients
with Inflammatory Bowel Disease. Gastroenterol. Res. Pract. 2015, 2015, 517597. [CrossRef]

Paramsothy, S.; Paramsothy, R.; Rubin, D.T.; Kamm, M.A.; Kaakoush, N.O.; Mitchell, H.M.; Castafo-Rodriguez, N. Faecal
Microbiota Transplantation for Inflammatory Bowel Disease: A Systematic Review and Meta-analysis. J. Crohns Colitis 2017, 11,
1180-1199. [CrossRef]

Haifer, C.; Saikal, A.; Paramsothy, R.; Kaakoush, N.O.; Leong, R.W.; Borody, T.].; Kamm, M. A.; Paramsothy, S. Response to faecal
microbiota transplantation in ulcerative colitis is not sustained long term following induction therapy. Gut 2021, 70, 2210-2211.
[CrossRef] [PubMed]

Vermeire, S.; Joossens, M.; Verbeke, K.; Wang, J.; Machiels, K.; Sabino, J.; Ferrante, M.; Van Assche, G.; Rutgeerts, P; Raes, ]. Donor
Species Richness Determines Faecal Microbiota Transplantation Success in Inflammatory Bowel Disease. ]. Crohns Colitis 2016, 10,
387-394. [CrossRef]

Sokol, H.; Landman, C.; Seksik, P.; Berard, L.; Montil, M.; Nion-Larmurier, I.; Bourrier, A.; Le Gall, G.; Lalande, V.; De Rougemont,
A.; et al. Fecal microbiota transplantation to maintain remission in Crohn’s disease: A pilot randomized controlled study.
Microbiome 2020, 8, 12. [CrossRef]

Caldeira, L.F; Borba, H.H.; Tonin, ES.; Wiens, A.; Fernandez-Llimos, E; Pontarolo, R. Fecal microbiota transplantation in
inflammatory bowel disease patients: A systematic review and meta-analysis. PLoS ONE 2020, 15, e0238910. [CrossRef]

Lee, C.H.; Steiner, T.; Petrof, E.O.; Smieja, M.; Roscoe, D.; Nematallah, A.; Weese, ].S.; Collins, S.; Moayyedi, P.; Crowther, M.; et al.
Frozen vs. Fresh Fecal Microbiota Transplantation and Clinical Resolution of Diarrhea in Patients with Recurrent Clostridium
difficile Infection: A Randomized Clinical Trial. JAMA 2016, 315, 142. [CrossRef] [PubMed]

Papanicolas, L.E.; Choo, ].M.; Wang, Y.; Leong, L.E.X; Costello, S.P.; Gordon, D.L.; Wesselingh, S.L.; Rogers, G.B. Bacterial viability
in faecal transplants: Which bacteria survive? EBioMedicine 2019, 41, 509-516. [CrossRef]

Fang, H.; Fu, L.; Wang, J. Protocol for Fecal Microbiota Transplantation in Inflammatory Bowel Disease: A Systematic Review and
Meta-Analysis. BioMed Res. Int. 2018, 2018, 8941340. [CrossRef] [PubMed]


https://doi.org/10.1097/MD.0000000000000097
https://www.ncbi.nlm.nih.gov/pubmed/25340496
https://doi.org/10.1016/j.chom.2023.03.020
https://doi.org/10.1053/j.gastro.2015.04.001
https://doi.org/10.1053/j.gastro.2018.12.001
https://doi.org/10.1111/apt.14387
https://doi.org/10.1038/s41591-022-01695-5
https://www.ncbi.nlm.nih.gov/pubmed/35228751
https://doi.org/10.1007/s10096-014-2088-9
https://doi.org/10.1038/ajg.2012.93
https://doi.org/10.1016/S2468-1253(21)00400-3
https://doi.org/10.1111/apt.14173
https://doi.org/10.1038/ajg.2013.257
https://www.ncbi.nlm.nih.gov/pubmed/24060759
https://doi.org/10.1097/MPG.0000000000000544
https://doi.org/10.1097/MIB.0000000000000975
https://www.ncbi.nlm.nih.gov/pubmed/27893543
https://doi.org/10.1186/s12866-016-0869-2
https://doi.org/10.1155/2015/517597
https://doi.org/10.1093/ecco-jcc/jjx063
https://doi.org/10.1136/gutjnl-2020-323581
https://www.ncbi.nlm.nih.gov/pubmed/33303563
https://doi.org/10.1093/ecco-jcc/jjv203
https://doi.org/10.1186/s40168-020-0792-5
https://doi.org/10.1371/journal.pone.0238910
https://doi.org/10.1001/jama.2015.18098
https://www.ncbi.nlm.nih.gov/pubmed/26757463
https://doi.org/10.1016/j.ebiom.2019.02.023
https://doi.org/10.1155/2018/8941340
https://www.ncbi.nlm.nih.gov/pubmed/30302341

Microorganisms 2024, 12, 1755 22 of 23

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.
107.

Cheng, F; Huang, Z.; Wei, W.; Li, Z. Fecal microbiota transplantation for Crohn’s disease: A systematic review and meta-analysis.
Tech. Coloproctology 2021, 25, 495-504. [CrossRef]

Tan, X.Y.; Xie, Y.J.; Liu, X.L.; Li, X.Y,; Jia, B. A Systematic Review and Meta-Analysis of Randomized Controlled Trials of Fecal
Microbiota Transplantation for the Treatment of Inflammatory Bowel Disease. Evid. Based Complement. Alternat. Med. 2022,
2022, 8266793. [CrossRef]

Jamal, R.; Messaoudene, M.; de Figuieredo, M.; Routy, B. Future indications and clinical management for fecal microbiota
transplantation (FMT) in immuno-oncology. Semin. Immunol. 2023, 67, 101754. [CrossRef]

Derrien, M.; Alvarez, A.-S.; De Vos, W.M. The Gut Microbiota in the First Decade of Life. Trends Microbiol. 2019, 27, 997-1010.
[CrossRef]

Hsu, M.; Tun, K.M.; Batra, K.; Haque, L.; Vongsavath, T.; Hong, A.S. Safety and Efficacy of Fecal Microbiota Transplantation in
Treatment of Inflammatory Bowel Disease in the Pediatric Population: A Systematic Review and Meta-Analysis. Microorganisms
2023, 11, 1272. [CrossRef]

Wang, A.Y.; Popov, ].; Pai, N. Fecal microbial transplant for the treatment of pediatric inflammatory bowel disease. World ].
Gastroenterol. 2016, 22, 10304. [CrossRef]

Issa, M.; Vijayapal, A.; Graham, M.B.; Beaulieu, D.B.; Otterson, M.F,; Lundeen, S.; Skaros, S.; Weber, L.R.; Komorowski, R.A.;
Knox, J.E; et al. Impact of Clostridium difficile on Inflammatory Bowel Disease. Clin. Gastroenterol. Hepatol. 2007, 5, 345-351.
[CrossRef]

Tariq, R.; Syed, T.; Yadav, D.; Prokop, L.J.; Singh, S.; Loftus EVJr Pardi, D.S.; Khanna, S. Outcomes of Fecal Microbiota
Transplantation for C. difficile Infection in Inflammatory Bowel Disease: A Systematic Review and Meta-analysis. |. Clin.
Gastroenterol. 2023, 57, 285-293. [CrossRef]

Michailidis, L.; Currier, A.C.; Le, M.; Flomenhoft, D.R. Adverse events of fecal microbiota transplantation: A metaanalysis of
high-quality studies. Ann. Gastroenterol. 2021, 34, 802-814. [CrossRef]

Pigneur, B.; Sokol, H. Fecal microbiota transplantation in inflammatory bowel disease: The quest for the holy grail. Mucosal
Immunol. 2016, 9, 1360-1365. [CrossRef] [PubMed]

Kelly, C.R.; Kahn, S.; Kashyap, P.; Laine, L.; Rubin, D.; Atreja, A.; Moore, T.; Wu, G. Update on Fecal Microbiota Transplantation
2015: Indications, Methodologies, Mechanisms, and Outlook. Gastroenterology 2015, 149, 223-237. [CrossRef] [PubMed]

Rossen, N.G.; Fuentes, S.; van der Spek, M.].; Tijssen, J.G.; Hartman, ].H.; Duflou, A.; Lowenberg, M.; van den Brink, G.R,;
Mathus-Vliegen, E.M.; de Vos, W.M_; et al. Findings from a Randomized Controlled Trial of Fecal Transplantation for Patients
with Ulcerative Colitis. Gastroenterology 2015, 149, 110-118.e4. [CrossRef]

Paramsothy, S.; Kamm, M.A; Kaakoush, N.O.; Walsh, A.J.; van den Bogaerde, J.; Samuel, D.; Leong, RW.L.; Connor, S.; Ng,
W.; Paramsothy, R.; et al. Multidonor intensive faecal microbiota transplantation for active ulcerative colitis: A randomised
placebo-controlled trial. Lancet 2017, 389, 1218-1228. [CrossRef]

Kedia, S.; Virmani, S.; KVuyyuru, S.; Kumar, P; Kante, B.; Sahu, P.; Kaushal, K.; Farooqui, M.; Singh, M.; Verma, M.; et al. Faecal
microbiota transplantation with anti-inflammatory diet (FMT-AID) followed by anti-inflammatory diet alone is effective in
inducing and maintaining remission over 1 year in mild to moderate ulcerative colitis: A randomised controlled trial. Gut 2022,
71,2401-2413. [CrossRef]

Correia, I.; Oliveira, P.A.; Antunes, M.L.; Raimundo, M.D.G.; Moreira, A.C. Is There Evidence of Crohn’s Disease Exclusion Diet
(CDED) in Remission of Active Disease in Children and Adults? A Systematic Review. Nutrients 2024, 16, 987. [CrossRef]
Levine, A.; Wine, E. Effects of Enteral Nutrition on Crohn’s Disease: Clues to the Impact of Diet on Disease Pathogenesis. Inflamm.
Bowel Dis. 2013, 19, 1322-1329. [CrossRef]

Nishida, A.; Inoue, R.; Inatomi, O.; Bamba, S.; Naito, Y.; Andoh, A. Gut microbiota in the pathogenesis of inflammatory bowel
disease. Clin. |. Gastroenterol. 2018, 11, 1-10. [CrossRef]

Levine, A.; Wine, E.; Assa, A.; Sigall Boneh, R.; Shaoul, R.; Kori, M.; Cohen, S.; Peleg, S.; Shamaly, H.; On, A.; et al. Crohn’s Disease
Exclusion Diet Plus Partial Enteral Nutrition Induces Sustained Remission in a Randomized Controlled Trial. Gastroenterology
2019, 157, 440-450.e8. [CrossRef] [PubMed]

Magro, E; Langner, C.; Driessen, A.; Ensari, A.; Geboes, K.; Mantzaris, G.J.; Villanacci, V.; Becheanu, G.; Borralho Nunes, P;
Cathomas, G.; et al. European consensus on the histopathology of inflammatory bowel disease. J. Crohns Colitis 2013, 7, 827-851.
[CrossRef]

Kang, D.W.; Adams, ].B.; Coleman, D.M.; Pollard, E.L.; Maldonado, J.; McDonough-Means, S.; Caporaso, J.G.; Krajmalnik-Brown,
R. Long-term benefit of Microbiota Transfer Therapy on autism symptoms and gut microbiota. Sci. Rep. 2019, 9, 5821. [CrossRef]
Qi, X,; Li, X;; Zhao, Y.; Wu, X,; Chen, E; Ma, X.; Zhang, F; Wu, D. Treating Steroid Refractory Intestinal Acute Graft-vs.-Host
Disease With Fecal Microbiota Transplantation: A Pilot Study. Front. Immunol. 2018, 9, 2195. [CrossRef] [PubMed]

Pasolli, E.; Asnicar, F.; Manara, S.; Zolfo, M.; Karcher, N.; Armanini, F,; Beghini, F; Manghi, P; Tett, A.; Ghensi, P; et al. Extensive
Unexplored Human Microbiome Diversity Revealed by Over 150,000 Genomes from Metagenomes Spanning Age, Geography,
and Lifestyle. Cell 2019, 176, 649-662.€20. [CrossRef]

Thomas, A.M.; Segata, N. Multiple levels of the unknown in microbiome research. BMC Biol. 2019, 17, 48. [CrossRef] [PubMed]
Goll, R; Johnsen, PH.; Hjerde, E.; Diab, J.; Valle, P.C.; Hilpusch, F.; Cavanagh, J.P. Effects of fecal microbiota transplantation in
subjects with irritable bowel syndrome are mirrored by changes in gut microbiome. Gut Microbes 2020, 12, 1794263. [CrossRef]


https://doi.org/10.1007/s10151-020-02395-3
https://doi.org/10.1155/2022/8266793
https://doi.org/10.1016/j.smim.2023.101754
https://doi.org/10.1016/j.tim.2019.08.001
https://doi.org/10.3390/microorganisms11051272
https://doi.org/10.3748/wjg.v22.i47.10304
https://doi.org/10.1016/j.cgh.2006.12.028
https://doi.org/10.1097/MCG.0000000000001633
https://doi.org/10.20524/aog.2021.0655
https://doi.org/10.1038/mi.2016.67
https://www.ncbi.nlm.nih.gov/pubmed/27461176
https://doi.org/10.1053/j.gastro.2015.05.008
https://www.ncbi.nlm.nih.gov/pubmed/25982290
https://doi.org/10.1053/j.gastro.2015.03.045
https://doi.org/10.1016/S0140-6736(17)30182-4
https://doi.org/10.1136/gutjnl-2022-327811
https://doi.org/10.3390/nu16070987
https://doi.org/10.1097/MIB.0b013e3182802acc
https://doi.org/10.1007/s12328-017-0813-5
https://doi.org/10.1053/j.gastro.2019.04.021
https://www.ncbi.nlm.nih.gov/pubmed/31170412
https://doi.org/10.1016/j.crohns.2013.06.001
https://doi.org/10.1038/s41598-019-42183-0
https://doi.org/10.3389/fimmu.2018.02195
https://www.ncbi.nlm.nih.gov/pubmed/30319644
https://doi.org/10.1016/j.cell.2019.01.001
https://doi.org/10.1186/s12915-019-0667-z
https://www.ncbi.nlm.nih.gov/pubmed/31189463
https://doi.org/10.1080/19490976.2020.1794263

Microorganisms 2024, 12, 1755 23 of 23

108.

109.

110.

111.

Al, K.F; Craven, L.J.; Gibbons, S.; Parvathy, S.N.; Wing, A.C.; Graf, C.; Parham, K.A.; Kerfoot, S.M.; Wilcox, H.; Burton, J.P; et al.
Fecal microbiota transplantation is safe and tolerable in patients with multiple sclerosis: A pilot randomized controlled trial.
Mult. Scler. ].-Exp. Transl. Clin. 2022, 8, 205521732210866. [CrossRef]

Craven, L.J.; Nair Parvathy, S.; Tat-Ko, J.; Burton, ].P; Silverman, M.S. Extended Screening Costs Associated with Selecting Donors
for Fecal Microbiota Transplantation for Treatment of Metabolic Syndrome-Associated Diseases. Open Forum Infect. Dis. 2017, 4,
0fx243. [CrossRef]

Zhang, B.; Yang, L.; Ning, H.; Cao, M.; Chen, Z.; Chen, Q.; Lian, G.; Tang, H.; Wang, Q.; Wang, J.; et al. A Matching Strategy To
Guide Donor Selection for Ulcerative Colitis in Fecal Microbiota Transplantation: Meta-Analysis and Analytic Hierarchy Process.
Microbiol. Spectr. 2023, 11, e02159-21. [CrossRef]

Ianiro, G.; Pun¢ochat, M.; Karcher, N.; Porcari, S.; Armanini, F.; Asnicar, F,; Beghini, F; Blanco-Miguez, A.; Cumbo, F; Manghi, P;
et al. Variability of strain engraftment and predictability of microbiome composition after fecal microbiota transplantation across
different diseases. Nat. Med. 2022, 28, 1913-1923. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1177/20552173221086662
https://doi.org/10.1093/ofid/ofx243
https://doi.org/10.1128/spectrum.02159-21
https://doi.org/10.1038/s41591-022-01964-3
https://www.ncbi.nlm.nih.gov/pubmed/36109637

	Introduction 
	Dysbiosis in IBD 
	Fecal Microbiota Transplantation 
	Fecal Microbiota Transplantation in IBD 
	FMT in UC 
	FMT in CD 
	FMT in IBD Pediatric Population 
	FMT for CDI in IBD 
	FMT Safety in IBD 
	FMT Safety in UC 
	FMT Safety in CD 

	FMT Perspectives in IBD Management 
	Associate Role of Nutrition and Diet 

	Discussion 
	Conclusions 
	References

