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Abstract: The effectiveness of fecal microbiota transplantation (FMT) in ulcerative colitis (UC) remains
unclear. This study aimed to investigate the feasibility and effectiveness of serial fecal infusions
via colonoscopy in patients with active UC. Subjects with mild-to-moderate UC received three
consecutive fecal infusions via colonoscopy. A control population with the same baseline features
receiving Infliximab treatment was enrolled. Adverse events and clinical, endoscopic, and microbial
outcomes were investigated. Nineteen patients with mildly-to-moderately active UC were enrolled.
Clinical response was obtained in six patients at week 2, in eight at week 6, and in nine at week 12.
Clinical response was maintained in eight patients at week 24. Endoscopic remission at week 12 was
reached in six patients. In the control population, 13/19 patients achieved clinical response at week 6,
and 10/19 patients maintained clinical response after 6 months. Microbiota richness was higher in
responders compared with the non-responders. Peptostreptococcus, Lactobacillus, and Veillonella were
higher in non-responders, while Parabacteroides, Bacteroides, Faecalibacterium, and Akkermansia were
higher in responders at all timepoints. Serial FMT infusions appear to be feasible, safe, and effective
in UC patients, with a potential role in inducing and maintaining clinical response. Specific bacteria
predict the response to FMT.
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1. Introduction

Inflammatory bowel diseases (IBDs), encompassing Crohn’s disease (CD) and ul-
cerative colitis (UC), are chronic, relapsing inflammatory disorders of the digestive tract,
resulting from a loss of homeostasis between the intestinal immune system and the gut
microbiota in genetically predisposed individuals [1]. Inappropriate mucosal immune
responses, due to dysregulation of tolerance to intestinal microbiota or disruption of the
epithelial barrier separating microorganisms from underlying tissues, may contribute to
the development or perpetuation of IBD.

Increasing evidence suggests that the imbalance of gut microbiota, the so-called
“dysbiosis”, is one of the most influencing environmental factors that could promote the
development of UC, as the interaction of this altered microbiota with the human host could
trigger and foster the immune alterations that are associated with UC [2].

Therefore, the enthusiasm toward the use of therapeutic manipulation of gut micro-
biota as a potential treatment for UC, both from patients and physicians, has risen in recent
years. However, this concept has still hardly been translated into clinical practice, as to date,
only a few probiotics have shown some effectiveness in inducing or maintaining remission
in patients with mild-to-moderate UC [3].

Fecal microbiota transplantation (FMT) is the infusion of feces from healthy donors
into the gut of a recipient to treat a disease associated with the impairment of gut microbiota.
FMT is clearly recognized as a highly effective treatment option for recurrent Clostridioides
difficile infection (CDI), as shown by several randomized clinical trials [4–8] and meta-
analyses [9–11]. Therefore, international guidelines have included FMT as a treatment
option for this condition [12,13].

After being successfully used for CDI, FMT was also investigated in patients with
UC, first in non-randomized [14–16] studies, and then in randomized clinical trials [17–22],
with promising results but substantial differences in FMT working protocols. Our study
aims to investigate feasibility and effectiveness of FMT, performed by colonoscopies, in
patients affected by mildly-to-moderately active UC.

2. Materials and Methods
2.1. Study Design and Patients’ Population

This is an open-label pilot study using a prospective cohort, performed at the “Fon-
dazione Policlinico Universitario Agostino Gemelli”, a tertiary academic hospital set in
Rome, Italy, approved by the local internal Ethics Committee (ID 100358) and conducted ac-
cording to the principles expressed in the Declaration of Helsinki. All participants provided
written informed consent (PROT CE/10930/15).

Eligible patients were 18 years or older with mildly-to-moderately active UC defined
as a partial Mayo score equal to or more than 4 and an endoscopic Mayo score equal to
or less than 1, with an upper limit Mayo score equal to or more than 11. Concomitant
medicines for UC, such as mesalamine, glucocorticoids, and immunosuppressive therapy
(e.g., azathioprine), were allowed at stable doses for a designated period of time: 5-ASA
or sulfasalazine at a stable dose for at least 2 weeks prior to starting FMT treatment and
during the study treatment period; and methotrexate (up to 15 mg/week subcutaneously),
azathioprine (up to 2.5 mg/kg/die), or 6-mercaptopurine (up to 2 mg/kg/die) at a stable
dose for at least 8 weeks.

Patients were excluded if they had taken antibiotics or probiotics in the last 30 days,
had concomitant infection from C. difficile or another enteric pathogen, or had a disease
severity requiring hospitalization; furthermore, they were excluded if they were pregnant
or were unable to give informed consent.
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After a screening period lasting two weeks, the patients underwent FMT including
repeated fecal infusions through three colonoscopies: at baseline (time 0), after 2 weeks
(time 1), and after 6 weeks (time 2). Patients were followed up for safety and efficacy
outcomes at week 12 via clinical and endoscopic assessment (sigmoidoscopy) and at
week 24. These timepoints are consistent with those commonly used in clinical practice for
biologic therapy, especially for Infliximab, that we hereby use as a comparison.

Patients were given a symptom diary to be filled in every day by themselves or by
family members on their behalf and checked by the medical and nursing staff. Patients (or
family members) were also questioned about stool frequency and consistency, medication
use, and adverse events in the follow-up period.

In addition, during the same period, we enrolled a cohort of patients with the same
eligibility criteria, who would receive treatment with Infliximab at a dose of 5 mg/kg at
the standard-of-care timepoints: at baseline (time 0), after 2 weeks (time 1), after 6 weeks
(time 2), and every 8 weeks subsequently.

2.2. Aims of the Study and Outcomes Measures

In this study, we aimed to evaluate the feasibility and effectiveness of serial fecal
infusions via colonoscopy in patients with mildly-to-moderately active UC. The primary
outcome was the number of adverse events possibly correlated and the compliance rate.
Secondary outcomes were as follows: (a) clinical remission, defined as a total Mayo score
(clinical [c]Mayo plus endoscopic [e]Mayo) less than or equal to 2, with no subscore higher
than 1, at week 2 and week 6; (b) clinical response, defined as a reduction in the clinical
Mayo score of at least 2 points at week 2, week 6, and week 12 compared to baseline values;
(c) endoscopic remission, defined as a Mayo score of 0 to 1, at week 12.

2.3. FMT Procedure
2.3.1. Donor Selection

Donors were chosen from among the family members or friends of the patients, ac-
cording to their suggestions. Donor blood samples were tested for hepatitis A, B, and C,
antibodies to HIV-1 and -2, Epstein–Barr virus, Treponema pallidum, Strongyloides ster-
coralis, and Entamoeba histolytica. Blood cell counts and measurements of transaminase,
C-reactive protein, albumin, and creatinine analysis were also performed. Feces were tested
for C. difficile (culture and toxin), enteric bacteria, protozoa, and helminths of the large
and small bowel, vancomycin-resistant Enterococci, methicillin-resistant Staphylococcus
aureus, and Gram-negative (multi-drug-resistant) bacteria. Before donation, a further
questionnaire was used to screen for any recent acute gastrointestinal illnesses, newly
contracted infections, or other situations that could represent a risk for the patients. Each
recipient received feces from the same donor.

2.3.2. Stool Preparation and Fecal Infusion

FMT was performed using fresh feces for the infusion, collected by the donor on the
day of the infusion, and processed within 6 h of its collection. At the Microbiology division
of our hospital, feces were diluted with 300 mL of sterile saline (0.9%). The deriving solution
was blended, and the supernatant was strained and poured into a sterile container. The
solution was infused during the colonoscopy procedure using 50 mL syringes filled with
the FMT solution through the operative channel of the scope in the cecum. The patients
were then asked to maintain a supine position for at least 1 h after the procedure to facilitate
as much as possible the permanence of the material infused into the proximal portions
of the colon. On average, the entire infusion procedure was performed within 10–15 min.
Finally, the patients were monitored in the recovery room of the Endoscopy Center for 2 h
after the procedures. All patients admitted to the FMT procedure underwent a standard
colonoscopy preparation via a low-fiber diet for three days and a split dose of macrogol of 4 L.



Microorganisms 2023, 11, 2536 4 of 16

2.4. Patient Perspectives Assessment

Patients were monitored through the entire trial, and their perspectives were evaluated
via a telephone survey (to avoid direct conditioning by the physician) 24 weeks after the
procedure. Three principal questions were asked to patients, and for each question, they
were required to provide an answer of “yes”, “no”, or “do not know”. The questions were
simple and asked in Italian:

Based on your experience and perception of the study treatment:

(A) “Was FMT efficacious?”
(B) “Was FMT well tolerated?”
(C) “Would you be willing to repeat FMT treatment in the future?”

2.5. Microbiota Profiling

Stool samples were collected and immediately frozen at −80 ◦C, until analysis. DNA
was extracted from stool samples (200 mg) using a QIAmp Fast DNA stool mini kit (Qiagen,
Hilden, Germany). Microbiota profiles were obtained via the amplification of the V3–V4
region (630 bp) of the 16S rRNA gene following the protocol reported in MiSeq rRNA Ampli-
con Sequencing (Illumina, San Diego, CA, USA) [23]. The sequencing was performed on an
Illumina MiSeqTM platform (Illumina, San Diego, CA, USA). Raw sequences were filtered
for quality and chimera presence and matched against the Greengenes 13.8, as described in
Del Chierico et al., 2021 [24]. The Shannon index was used to perform α-diversity analysis,
and the Bray–Curtis algorithm was applied for β-diversity analysis. Compositional analysis
was performed at the genus level of taxonomy. Mann–Whitney and Kruskal–Wallis tests
were applied on Shannon index values, the Permanova test was used on the Bray–Curtis
distance matrices, and DeSeq2 analysis was applied on taxa relative abundance compar-
isons. Network analysis was performed using the SparrCC algorithm [25]. All microbiota
computational analyses were performed using MicrobiomeAnalyst [26,27].

2.6. Statistical Analysisis

Descriptive analyses were used to describe and analyze the characteristics of the study
populations at baseline and at each timepoint.

Differences between clinical response and clinical remission at week 6 and 24 for the
FMT and Infliximab groups were evaluated using the chi-square test.

3. Results

Overall, 26 consecutive subjects agreed to the study protocol and were considered
eligible for inclusion in the FMT protocol. Of them, 19 (73%) were finally enrolled (Figure 1).
The clinical characteristics of the included patients are displayed in Table 1.

Table 1. Clinical characteristics of the enrolled FMT patients.

Characteristics Study
Population

Sex
Males 11

Females 8

Mean age (years) 44.7

Type of disease
-Left colitis 13
-Pancolitis 6

Mean disease duration (years) 6.75

Previous biologic therapy
Yes 9
No 10
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Table 1. Cont.

Characteristics Study
Population

Concomitant oral mesalazine
Yes 15
No 4

Concomitant oral steroids
Yes 8
No 11

Concomitant topical therapy
Yes 6
No 13

Concomitant immunosuppressant drugs
Yes 1
No 18

Clinical disease activity (Mayo Score)
-Remission (0–1) 0

-Mild–moderate (2–4) 6
-Moderate–severe (5–7) 13

-Severe (8–9) 0
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In total, 19 patients were enrolled in the Infliximab population, whose features are
described in Table 2.

Table 2. Clinical characteristics of the enrolled Infliximab patients.

Characteristics Infliximab (IFX)
Population

Sex
M 8
F 11

Mean age (years) 36.6 yrs

Type of disease
-Left colitis 9
-Pancolitis 10

Mean disease duration (years) 7.9 yrs

Previous biologic therapies
Yes 5
No 14

Clinical disease activity (Clinical Mayo score)
-Average 5.7

-Remission (0–1) 0
-Mild–moderate (2–4) 6

-Moderate–severe (5–7) 8
-Severe (8–9) 5

3.1. Safety Assessment

Only one subject experienced a serious adverse event due to kidney stones after the
first fecal infusion and dropped out of the study. Two other patients dropped out due to
the disease worsening: one patient required hospitalization to start intravenous steroids at
week 2, and the other one required a shift to biologic therapy at week 6 just before the third
infusion. Therefore, 16 out of 19 (84%) UC subjects completed the scheduled protocol of
three fecal infusions (Figure 1).

After donor feces infusion, 8 of the 16 patients had immediate diarrhea, and 10 ex-
perienced bloating and abdominal cramping. In all patients, these symptoms resolved
spontaneously within 12–20 h (Table 3).

Table 3. Safety assessment in enrolled FMT patients. FMT = fecal microbiota transplantation;
SAE = severe adverse events.

FMT
(19 cases)

SAE 1 (5%)
Hospitalization for kidney stone disease

Disease worsening 2 (10%)

Infusion reaction 0

Total 3 (15%)

3.2. FMT Perception

Throughout the entire period of the study, no patient refused to repeat the scheduled
colonoscopy at any time, suggesting a good tolerability of the protocol. According to the
telephone survey, all patients (100%) considered FMT via colonoscopy to be a well-tolerated
procedure without concerns, 82% of them would be willing to repeat it if necessary, and
64% considered FMT to be an effective procedure in the treatment of UC (Figure 2).
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3.3. Exploratory Efficacy Evaluation

A clinical response was obtained in six subjects who completed the scheduled protocol
of treatment at week 2, in eight at week 6, and in nine at week 12 (Figure 3A). Clinical
remission in the FMT cohort was reached in four subjects at week 2, in five at week 6, and
in five at week 12 (Figure 3B). Moreover, clinical response was maintained in eight of the
patients from the FMT group until the last follow-up visit at week 24.
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Overall, we observed a reduction in the total Mayo score from baseline and throughout
the weeks. In particular, we found a reduction in each clinical sub-score (stool frequency, rectal
bleeding, and physician assessment) between baseline and week 2, week 6, and week 12.

In the control population under treatment with Infliximab, clinical response after
6 weeks was achieved in 13 out of 19 patients (68.4%), 6 of which were in clinical remission
at this timepoint (31.5%). Ten patients (52.6%) maintained clinical response after 6 months
from the beginning of treatment. Chi-squared tests revealed no significant differences
between FMT and Infliximab in terms of clinical response and clinical remission at 6 weeks
and after 6 months of treatment. Figure 4 shows a comparison between rates of clinical
response and remission at different timepoints of the two populations.
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3.4. Gut Microbiota Foreshadowed the Response to FMT in UC

The microbiota richness was low at T0 and increased with the FMT and during the
follow-up.

Veillonella, Peptoniphilus, and Lactobacillus relative abundances were higher in patients
before and immediately after the FMT, compared with the donors. Peptostreptococcus, Di-
alister, and Staphylococcus showed a marked decrease at T2. At T0, patients and donors
showed the same levels of Bifidobacterium and Streptococcus. After the FMT, these two
microorganisms increased at T1 and decreased at T2. Turicibacter and Actinomyces have a
lower abundance at T0 compared with the donors, and it increased at T1 and decreased at
T2. The only one that increased during the follow-up and overcame the donor quantity was
Faecalibacterium (Figure 5A). Grouping the patients into responders and non-responders
to FMT, we showed higher bacterial richness in responders at each point of follow-up,
compared with non-responders (Figure 5B). Peptostreptococcus, Lactobacillus, and Veillonella
were always higher in non-responders, though a gradual reduction after FMT was ob-
served. Atopobium, Turicibacter, and Bifidobacterium were always higher in non-responder
compared with responder patients. Interestingly, Parabacteroides, Prevotella, Bacteroides,
Faecalibacterium, and Akkermansia were lower in both patient groups at T0 than in donors.
However, responder patients had a higher relative abundance of these bacteria (except
for Prevotella) at each follow-up point than non-responders, and this percentage increased
over time. Parabacteroides and Bacteroides reached the same donor levels at T2, while Fae-
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calibacterium exceeded it. Both non-responder and responder T0 patients had the same
levels of Streptococcus and Staphylococcus as donors. The relative abundance of Streptococcus
increased at T1 in responder patients and returned to donor levels at T2. In both groups of
patients, Staphylococcus maintained donor levels at T1, then strongly decreased at T2, until
it reached minimal levels.
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Analyzing each timepoint separately, we observed a decrease in bacterial richness for
both patient groups at each timepoint (Figure 6).
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At T0, we observed an increase in Veillonella and Dialister for both responders and
non-responders compared with donors. Faecalibacterium was decreased in non-responders
and increased in responders compared with donors. Turicibacter was decreased in both
groups, compared to the donors, with a major decline in responder patients (Figure 6A).

At T1, Peptoniphilus and Streptococcus were higher in responder patients, compared
with the other two groups. In contrast, Klebsiella and Anaerostipes were higher in donors than
in patients, with a major decline in non-responders. Turicibacter, Veillonella, Peptostreptococ-
cus, Eubacterium, Lactobacillus, and Bifidobacterium were higher in non-responders compared
with donors and responders (Figure 6B).

At T2, Faecalibacterium was lower in non-responders than in the other two groups.
Dorea, Peptoniphilus, and Blautia had the opposite trend, being higher in non-responders
compared with donors and responders. Eubacterium decreased in both groups of patients
(Figure 6C).

Network analysis was performed to reveal relationships between FMT-induced changes
in human gut microbiota in responder and non-responder conditions (Figure 7).
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The results highlighted only positive relations between bacteria. Interestingly, bacte-
ria such as Prevotella, Parabacteroides, and Oscillospira, which were increased in responder
patients, were interconnected. In contrast, Blautia linked together with Dorea, Collinsella, Ru-
minococcus, Bifidobacterium, SMB53, and Eggerthella were all increased in non-responder time
groups. The same can be described for Eubacterium, Methanobrevibacter, and Adlercreutzia,
which were all increased in non-responder groups and connected together.

4. Discussion

Gut microbiota transplantation is an experimental therapeutic regime in ulcerative
colitis, and previously performed randomized controlled trials (RCTs) are, in general,
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small and methodologically heterogeneous. Furthermore, none of them tested serial fecal
infusions as a therapeutic protocol. Furthermore, data comparing FMT to standard-of-care
therapies are lacking [28].

This pilot study reports results from the use of serial fecal infusions to induce remission
in mildly-to-moderately active UC. The overall feasibility of the study protocol, including
serial colonoscopies to release fecal infusions, was largely demonstrated, as all patients
concluded the trial without any major adverse events related to the procedure. In addition,
all patients underwent the foreseen procedures. In particular, three colonoscopies were
well tolerated and accepted by the patients, and procedures were successful without any
noteworthy side effects, as well underlined by positive scores of patients rating their
experience with FMT at the end of the trial via a phone-call-based questionnaire.

This is the first trial using three consecutive fecal infusions via colonoscopy over
6 weeks (at time 0, after 2 weeks, and after 6 weeks) as a scheme of induction therapy for
UC. From this perspective, our trial, despite coming after the three RCTs already published,
is still adding data to the current knowledge on FMT. In fact, while different routes of
delivery do not appear to considerably modify the efficacy rates of FMT in C. difficile
infection, our trial is pushing the overall efficacy toward more positive results when FMT
is performed via colonoscopy.

The response rate achieved via repeated colonoscopy infusions of fecal microbiota
was much higher than those obtained in the RCTs by Moayyedi and Rossen [17,27]. This
finding should not be considered as an “out of the box” result, as the lower route may
achieve higher efficacy rates than the upper one, perhaps by preserving microbiota via
potential modification throughout the small intestine.

From this perspective, it should not be surprising that the two more similar trials (ours
and the one by Moayyedi P et al.) [17] display positive results compared with the trial
proposed by Rossen et al. [22].

The clinical remission obtained in the present study was comparable to Paramsothy’s
study (31% both at week 6 and at week 12 in our study vs. 27% at week 8 in Paramsothy’s
study) [19]. Obviously, the results of these two studies refer to different settings, but it is
worth pointing out that both provided intensive fecal infusions, with the only difference
being that the infusions that followed the first were carried out via enemas in Paramsothy’s
study. Serious and mild adverse events were similar as well.

Another important finding of our study was that mucosal healing was obtained in
6 subjects. These results are important not only to consider FMT as a possible therapeutic
option in well selected patients (those with mildly-to-moderately active UC) but also to
propose colonoscopy as a way of infusion, in order to increase the chances for a successful
and sustained recipient-donor microbiota engraftment.

Interesting considerations can be put forward by observing the comparison between
the FMT cohort and the control population under treatment with Infliximab, the progenitor
of anti-TNFα drugs, and biologic medications. In fact, at 6 weeks from baseline, the
Infliximab cohort shows a higher rate of response than the FMT population; nonetheless,
the rates of response of the two populations tend to equalize after 6 months from baseline.
Taking into consideration that patients were allowed to take other medications during our
trial, this finding can be explained by considering FMT and gut microbiota restoration as
enhancers of other therapeutic options, with a predominantly long-term action. Although
our trial was not designed to show equivalence or superiority among the two treatment
modalities, the similar results displayed by using FMT and IFX in this category of patients
suggest the importance of patient selection to maximize response rate, rather than the
superiority per se of a treatment option compared to another.

The gut microbiota profiling highlighted the role in predicting the negative FMT
response of some bacteria such as Peptostreptococcus, Lactobacillus, and Veillonella, which
were higher in non-responders in comparison to donors and responders. In contrast,
Parabacteroides, Bacteroides, Faecalibacterium, and Akkermansia were increased in responder
patients during the study period, indicating a positive and active role in FMT response.
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The microbial analysis performed in our FMT population confirms the hypothesized
mechanism of FMT in UC. In fact, FMT favors the restoration of a healthy and diverse
microbial community within the recipient’s gut by introducing a diverse range of beneficial
microorganisms. The transplanted fecal material contains a complex mixture of bacteria,
viruses, fungi, and other microorganisms that collectively contribute to the restoration of a
more balanced gut microbiota. These microorganisms may help modulate the recipient’s
immune response, reduce inflammation, enhance the production of short-chain fatty acids
(SCFAs), and promote mucosal healing in the colon.

Furthermore, FMT may also influence the recipient’s immune system through various
mechanisms, including the transfer of regulatory T cells, modulation of dendritic cell
function, and alteration of cytokine profiles. These immune-related effects can contribute
to the downregulation of the inflammatory response associated with UC.

Overall, FMT via colonoscopy in patients with UC is believed to exert its therapeutic
effects through the restoration of a healthier gut microbiota composition, modulation of the
immune response, and promotion of mucosal healing [29].

Our findings reveal an intriguing association between a higher abundance of Fecalibac-
terium prausnitzii and favorable treatment responses in our fecal microbiota transplantation
(FMT) trial. This aligns with several previous studies both in the field of IBD [30] and
Clostridioides difficile diarrhea [31].

F. prausnitzii is considered to be a beneficial bacterium primarily due to its role in
maintaining gut health and homeostasis. This species is a prominent producer of short-
chain fatty acids (SCFAs), particularly butyrate, which serves as a crucial energy source
for colonic epithelial cells and exerts anti-inflammatory effects. Butyrate production by
F. prausnitzii has been associated with the reinforcement of the intestinal barrier function
and the modulation of the immune response, both of which are essential for mitigating
inflammation and promoting gastrointestinal well-being [32].

Our study has also uncovered a noteworthy correlation between higher levels of
Akkermansia and enhanced response rates to fecal microbiota transplantation (FMT) among
our patient cohort. Akkermansia muciniphila, a prominent member of the gut microbiota, has
garnered increasing attention as a potential beneficial bacterium in various gastrointestinal
disorders. One of its notable attributes is its capacity to degrade mucin, the glycoprotein that
lines the intestinal epithelium. By doing so, Akkermansia plays a role in maintaining mucosal
integrity and bolstering the gut barrier function, thus potentially reducing susceptibility
to gut inflammation and permeability. Moreover, Akkermansia has been associated with
improved metabolic parameters and anti-inflammatory effects, which further supports its
status as a potentially beneficial microbe [33].

The potential significance of Akkermansia as a microbial marker in UC has been investi-
gated in preclinical studies as well. In fact, it has been shown that Akkermansia reduced the
severity of colitis in DSS murine models [34]. The mechanisms underpinning Akkermansia’s
contributions to therapeutic responses warrant further investigation. Potential avenues
include its ability to enhance mucosal health, influence the gut–immune axis, and modulate
metabolic functions.

In addition, our study has unveiled a notable contrast in the gut microbiota compo-
sition of non-responders to FMT, characterized by elevated levels of Peptostreptococcus,
Lactobacillus, and Veillonella.

An increased abundance of Peptostreptococcus was observed in previous studies in
which higher concentrations of this bacteria were associated with both inflammatory bowel
disease and colorectal cancer [35,36].

Elevated levels of Lactobacillus in non-responders to FMT resonate with studies impli-
cating certain Lactobacillus strains in promoting intestinal inflammation and diminishing
treatment efficacy. While Lactobacillus is generally associated with beneficial effects re-
garding gut health, it is important to note that the genus Lactobacillus encompasses a
diverse group of species, some of which may have differing effects in the context of UC
and FMT [37].
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The increased prevalence of Veillonella in non-responder patients is in line with research
highlighting, for instance, in a pediatric multicentric population, how the abundance of
Veillonella was associated with an increased risk of penetrating complications [38].

Nevertheless, our paper has limitations. First, we did not collect the fecal samples
from all patients for microbiota assessment, as they were not fully available for the present
publication. We also believe that being an exploratory feasibility trial, microbial data could
have been difficult to analyze and interpret for such a small number of patients. In addition,
in the present paper, we analyzed only the induction of remission and clinical response
after FMT, without a real “maintenance” strategy or a “re-do trial” strategy. However, our
objective was to investigate the feasibility and safety of a protocol including intensive serial
colonoscopies as the route of administration of fecal infusions in UC patients. We are aware
that this is only a pilot study that may chart a course for future RCTs, including different
methods of infusion and a placebo treatment group.

5. Conclusions

Our study suggests that FMT via colonoscopy may be a reliable option for induc-
ing remission in UC, although other less invasive strategies—perhaps enemas—should
be proposed for maintenance. Overall, this trial reinforces the positive results reported
in other studies [17,19], highlighting colonoscopy as a feasible and potentially effective
approach to curing patients with UC through the use of FMT, at least in an induction phase.
Although many questions remain, our results support the idea that active modulation of
the microbiota could represent a reliable and promising therapeutic avenue for managing
UC [2].

Author Contributions: L.R.L., S.P., G.I., E.S., D.N., L.L. and D.P.: investigation; V.P., G.Q., F.D.C. and
A.P.: methodology; L.R.L. and P.P.: writing—original draft preparation; A.G., G.C., M.S., L.P., A.A.
and L.M.: writing—review and editing; F.S.: supervision. All authors have read and agreed to the
published version of the manuscript.

Funding: This work was supported by the Ministry of Health, Italy, project number GR-2016-
02364891 “Toward a personalized approach in ulcerative colitis: integrating genetics with microbiota
analysis to select therapy and predict individual response” to F.S. and by the CCF Clinical Research
Investigator-Initiated Award (to L.R.L.).

Data Availability Statement: Full data are unavailable due to privacy or ethical restrictions; however,
authors can ask permission following specific requests.

Acknowledgments: Special thanks to Fondazione Roma for the continuous and crucial support of
our scientific research. We also thank IBD UNIT-CEMAD (Daniela Pugliese, Loris Riccardo Lopetuso,
Luisa Guidi, Marco Pizzoferrato, Norma Alfieri, Fabiola De Biasio, Gabriele Rumi, Irene Mignini,
Lucrezia Laterza, Laura Parisio, Gaetano Coppola, Valentin Calvez, Valentina Giorgio, Maria Assunta
Zocco, Maria Elena Ainora, Fabrizio Pizzolante, Nicoletta De Matthaeis, Tiziana Bernabei, Daniele
Napolitano Elisa Schiavoni, Laura Turchini, Valeria Amatucci, Luciana Nicola Giordano, Valentina
Benini, Carla Conticelli, Anna De Vito, Alessandra Di Massimo, Antonia Lorusso, Valentina Pettinari,
Carmela Virone, Daniela Belella, Giorgia Spagnuolo, Daniele Ferrarese, Valentina Petito, Letizia Masi,
Francesca Maria Calà Palmarino, Caterina Fanali, Francesca Calà, Vincenzina Mora, Alfredo Papa,
Antonio Gasbarrini, and Franco Scaldaferri) and Servizio di Endoscopia Digestiva at CEMAD.

Conflicts of Interest: The authors declare no specific conflict of interest.

References
1. Bamias, G.; Corridoni, D.; Pizarro, T.T.; Cominelli, F. New Insights into the Dichotomous Role of Innate Cytokines in Gut

Homeostasis and Inflammation. Cytokine 2012, 59, 451–459. [CrossRef] [PubMed]
2. Cammarota, G.; Ianiro, G.; Cianci, R.; Bibbò, S.; Gasbarrini, A.; Currò, D. The Involvement of Gut Microbiota in Inflammatory

Bowel Disease Pathogenesis: Potential for Therapy. Pharmacol. Ther. 2015, 149, 191–212. [CrossRef] [PubMed]
3. Harbord, M.; Eliakim, R.; Bettenworth, D.; Karmiris, K.; Katsanos, K.; Kopylov, U.; Kucharzik, T.; Molnár, T.; Raine, T.;

Sebastian, S.; et al. Third European Evidence-Based Consensus on Diagnosis and Management of Ulcerative Colitis. Part 2:
Current Management. J. Crohns. Colitis 2017, 11, 769–784. [CrossRef] [PubMed]

https://doi.org/10.1016/j.cyto.2012.06.014
https://www.ncbi.nlm.nih.gov/pubmed/22795953
https://doi.org/10.1016/j.pharmthera.2014.12.006
https://www.ncbi.nlm.nih.gov/pubmed/25561343
https://doi.org/10.1093/ecco-jcc/jjx009
https://www.ncbi.nlm.nih.gov/pubmed/28513805


Microorganisms 2023, 11, 2536 15 of 16

4. van Nood, E.; Vrieze, A.; Nieuwdorp, M.; Fuentes, S.; Zoetendal, E.G.; de Vos, W.M.; Visser, C.E.; Kuijper, E.J.;
Bartelsman, J.F.W.M.; Tijssen, J.G.P.; et al. Duodenal Infusion of Donor Feces for Recurrent Clostridium Difficile. N. Engl. J. Med.
2013, 368, 407–415. [CrossRef] [PubMed]

5. Cammarota, G.; Masucci, L.; Ianiro, G.; Bibbò, S.; Dinoi, G.; Costamagna, G.; Sanguinetti, M.; Gasbarrini, A. Randomised Clinical
Trial: Faecal Microbiota Transplantation by Colonoscopy vs. Vancomycin for the Treatment of Recurrent Clostridium Difficile
Infection. Aliment Pharmacol. Ther. 2015, 41, 835–843. [CrossRef]

6. Kao, D.; Roach, B.; Silva, M.; Beck, P.; Rioux, K.; Kaplan, G.G.; Chang, H.J.; Coward, S.; Goodman, K.J.; Xu, H.; et al. Effect
of Oral Capsule- vs. Colonoscopy-Delivered Fecal Microbiota Transplantation on Recurrent Clostridium Difficile Infection: A
Randomized Clinical Trial. JAMA 2017, 318, 1985–1993. [CrossRef]

7. Lee, C.H.; Steiner, T.; Petrof, E.O.; Smieja, M.; Roscoe, D.; Nematallah, A.; Scott Weese, J.; 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, 142–149. [CrossRef]

8. Kelly, C.R.; Khoruts, A.; Staley, C.; Sadowsky, M.J.; Abd, M.; Alani, M.; Bakow, B.; Curran, P.; McKenney, J.; Tisch, A.; et al. Effect
of Fecal Microbiota Transplantation on Recurrence in Multiply Recurrent Clostridium Difficile Infection: A Randomized Trial.
Ann. Intern. Med. 2016, 165, 609–616. [CrossRef]

9. 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]

10. Quraishi, M.N.; Widlak, M.; Bhala, N.; Moore, D.; Price, M.; Sharma, N.; Iqbal, 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]

11. 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. J. 2018, 6, 1232–1244. [CrossRef]

12. McDonald, L.C.; Gerding, D.N.; Johnson, S.; Bakken, J.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]

13. Debast, S.B.; Bauer, M.P.; Kuijper, E.J.; Allerberger, F.; Bouza, E.; Coia, J.E.; Cornely, O.A.; Fitzpatrick, F.; Guery, B.; Wilcox, M.; et al.
European Society of Clinical Microbiology and Infectious Diseases: Update of the Treatment Guidance Document for Clostridium
Difficile Infection. Clin. Microbiol. Infect. 2014, 20 (Suppl. S2), 1–26. [CrossRef]

14. 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]

15. Kump, P.K.; Gröchenig, H.P.; Lackner, S.; Trajanoski, S.; Reicht, G.; Martin Hoffmann, K.; Deutschmann, A.; Wenzl, H.H.;
Petritsch, W.; Krejs, G.J.; et al. Alteration of Intestinal Dysbiosis by Fecal Microbiota Transplantation Does Not Induce Remission
in Patients with Chronic Active Ulcerative Colitis. Inflamm. Bowel Dis. 2013, 19, 2155–2165. [CrossRef] [PubMed]

16. Damman, C.J.; Brittnacher, M.J.; Westerhoff, M.; Hayden, H.S.; Radey, M.; Hager, K.R.; Marquis, S.R.; Miller, S.I.; Zisman, T.L.
Low Level Engraftment and Improvement Following a Single Colonoscopic Administration of Fecal Microbiota to Patients with
Ulcerative Colitis. PLoS ONE 2015, 10, e0133925. [CrossRef] [PubMed]

17. Moayyedi, P.; Surette, M.G.; Kim, P.T.; Libertucci, J.; Wolfe, M.; Onischi, C.; Armstrong, D.; Marshall, J.K.; Kassam, Z.;
Reinisch, W.; et al. Fecal Microbiota Transplantation Induces Remission in Patients with Active Ulcerative Colitis in a Ran-
domized Controlled Trial. Gastroenterology 2015, 149, 102–109.e6. [CrossRef] [PubMed]

18. Costello, S.P.; Hughes, P.A.; Waters, O.; Bryant, R.V.; Vincent, A.D.; Blatchford, P.; Katsikeros, R.; Makanyanga, J.;
Campaniello, M.A.; Mavrangelos, C.; et al. Effect of Fecal Microbiota Transplantation on 8-Week Remission in Patients
with Ulcerative Colitis: A Randomized Clinical Trial. JAMA 2019, 321, 156–164. [CrossRef] [PubMed]

19. Paramsothy, S.; Kamm, M.A.; Kaakoush, N.O.; Walsh, A.J.; van den Bogaerde, J.; Samuel, D.; Leong, R.W.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]

20. 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. The lancet.
Gastroenterol. Hepatol. 2022, 7, 141–151. [CrossRef]

21. Crothers, J.W.; Chu, N.D.; Nguyen, L.T.T.; Phillips, M.; Collins, C.; Fortner, K.; Del Rio-Guerra, R.; Lavoie, B.; Callas, P.;
Velez, M.; et al. Daily, oral FMT for long-term maintenance therapy in ulcerative colitis: Results of a single-center, prospective,
randomized pilot study. BMC Gastroenterol. 2021, 21, 281. [CrossRef] [PubMed]

22. Rossen, N.G.; Fuentes, S.; Van Der Spek, M.J.; Tijssen, J.G.; Hartman, J.H.A.; Duflou, A.; Löwenberg, M.; Van Den Brink, G.R.;
Mathus-Vliegen, E.M.H.; 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] [PubMed]

https://doi.org/10.1056/NEJMoa1205037
https://www.ncbi.nlm.nih.gov/pubmed/23323867
https://doi.org/10.1111/apt.13144
https://doi.org/10.1001/jama.2017.17077
https://doi.org/10.1001/jama.2015.18098
https://doi.org/10.7326/M16-0271
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
https://doi.org/10.1111/1469-0691.12418
https://doi.org/10.1038/ajg.2013.257
https://www.ncbi.nlm.nih.gov/pubmed/24060759
https://doi.org/10.1097/MIB.0b013e31829ea325
https://www.ncbi.nlm.nih.gov/pubmed/23899544
https://doi.org/10.1371/journal.pone.0133925
https://www.ncbi.nlm.nih.gov/pubmed/26288277
https://doi.org/10.1053/j.gastro.2015.04.001
https://www.ncbi.nlm.nih.gov/pubmed/25857665
https://doi.org/10.1001/jama.2018.20046
https://www.ncbi.nlm.nih.gov/pubmed/30644982
https://doi.org/10.1016/S0140-6736(17)30182-4
https://doi.org/10.1016/S2468-1253(21)00400-3
https://doi.org/10.1186/s12876-021-01856-9
https://www.ncbi.nlm.nih.gov/pubmed/34238227
https://doi.org/10.1053/j.gastro.2015.03.045
https://www.ncbi.nlm.nih.gov/pubmed/25836986


Microorganisms 2023, 11, 2536 16 of 16

23. Romani, L.; Del Chierico, F.; Chiriaco, M.; Foligno, S.; Reddel, S.; Salvatori, G.; Cifaldi, C.; Faraci, S.; Finocchi, A.; Rossi, P.; et al.
Gut Mucosal and Fecal Microbiota Profiling Combined to Intestinal Immune System in Neonates Affected by Intestinal Ischemic
Injuries. Front. Cell. Infect. Microbiol. 2020, 10, 59. [CrossRef]

24. Del Chierico, F.; Trapani, V.; Petito, V.; Reddel, S.; Pietropaolo, G.; Graziani, C.; Masi, L.; Gasbarrini, A.; Putignani, L.;
Scaldaferri, F.; et al. Dietary Magnesium Alleviates Experimental Murine Colitis through Modulation of Gut Microbiota. Nutrients
2021, 13, 4188. [CrossRef]

25. Friedman, J.; Alm, E.J. Inferring correlation networks from genomic survey data. PLoS Comput. Biol. 2012, 8, e1002687. [CrossRef]
26. Dhariwal, A.; Chong, J.; Habib, S.; King, I.L.; Agellon, L.B.; Xia, J. MicrobiomeAnalyst: A Web-Based Tool for Comprehensive

Statistical, Visual and Meta-Analysis of Microbiome Data. Nucleic Acids Res. 2017, 45, W180–W188. [CrossRef]
27. Chong, J.; Liu, P.; Zhou, G.; Xia, J. Using MicrobiomeAnalyst for Comprehensive Statistical, Functional, and Meta-Analysis of

Microbiome Data. Nat. Protoc. 2020, 15, 799–821. [CrossRef]
28. 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]

29. Khoruts, A.; Sadowsky, M.J. Understanding the Mechanisms of Faecal Microbiota Transplantation. Nat. Rev. Gastroenterol. Hepatol.
2016, 13, 508–516. [CrossRef] [PubMed]

30. Mah, C.; Jayawardana, T.; Leong, G.; Koentgen, S.; Lemberg, D.; Connor, S.J.; Rokkas, T.; Grimm, M.C.; Leach, S.T.; Hold, G.L.
Assessing the Relationship between the Gut Microbiota and Inflammatory Bowel Disease Therapeutics: A Systematic Review.
Pathogens 2023, 12, 262. [CrossRef] [PubMed]

31. Björkqvist, O.; Rangel, I.; Serrander, L.; Magnusson, C.; Halfvarson, J.; Norén, T.; Bergman-Jungeström, M. Faecalibacterium
prausnitzii increases following fecal microbiota transplantation in recurrent Clostridioides difficile infection. PLoS ONE 2021,
16, e0249861. [CrossRef] [PubMed]

32. Machiels, K.; Joossens, M.; Sabino, J.; De Preter, V.; Arijs, I.; Eeckhaut, V.; Ballet, V.; Claes, K.; Van Immerseel, F.; Verbeke, K.; et al.
A decrease of the butyrate-producing species Roseburia hominis and Faecalibacterium prausnitzii defines dysbiosis in patients
with ulcerative colitis. Gut 2014, 63, 1275–1283. [CrossRef] [PubMed]

33. Rodrigues, V.F.; Elias-Oliveira, J.; Pereira, Í.S.; Pereira, J.A.; Barbosa, S.C.; Machado, M.S.G.; Carlos, D. Akkermansia muciniphila
and Gut Immune System: A Good Friendship That Attenuates Inflammatory Bowel Disease, Obesity, and Diabetes. Front.
Immunol. 2022, 13, 934695. [CrossRef] [PubMed]

34. Yang, Y.; Zheng, X.; Wang, Y.; Tan, X.; Zou, H.; Feng, S.; Zhang, H.; Zhang, Z.; He, J.; Cui, B.; et al. Human Fecal Microbiota
Transplantation Reduces the Susceptibility to Dextran Sulfate Sodi-um-Induced Germ-Free Mouse Colitis. Front. Immunol. 2022,
13, 836542. [CrossRef] [PubMed]

35. Nishino, K.; Nishida, A.; Inoue, R.; Kawada, Y.; Ohno, M.; Sakai, S.; Inatomi, O.; Bamba, S.; Sugimoto, M.; Kawahara, M.; et al.
Analysis of endoscopic brush samples identified mucosa-associated dysbiosis in inflammatory bowel disease. J. Gastroenterol.
2018, 53, 95–106. [CrossRef]

36. Yu, L.; Zhao, G.; Wang, L.; Zhou, X.; Sun, J.; Li, X.; Zhu, Y.; He, Y.; Kofonikolas, K.; Bogaert, D.; et al. A systematic review of
microbial markers for risk prediction of colorectal neoplasia. Br. J. Cancer 2022, 126, 1318–1328. [CrossRef]

37. Heeney, D.D.; Gareau, M.G.; Marco, M.L. Intestinal Lactobacillus in health and disease, a driver or just along for the ride? Curr.
Opin. Biotechnol. 2018, 49, 140–147. [CrossRef]

38. Kugathasan, S.; Denson, L.A.; Walters, T.D.; Kim, M.O.; Marigorta, U.M.; Schirmer, M.; Mondal, K.; Liu, C.; Griffiths, A.; Noe,
J.D.; et al. Prediction of complicated disease course for children newly diagnosed with Crohn’s disease: A multicentre inception
cohort study. Lancet 2017, 389, 1710–1718. [CrossRef]

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/10.3389/fcimb.2020.00059
https://doi.org/10.3390/nu13124188
https://doi.org/10.1371/journal.pcbi.1002687
https://doi.org/10.1093/nar/gkx295
https://doi.org/10.1038/s41596-019-0264-1
https://doi.org/10.1136/gutjnl-2023-329948
https://doi.org/10.1038/nrgastro.2016.98
https://www.ncbi.nlm.nih.gov/pubmed/27329806
https://doi.org/10.3390/pathogens12020262
https://www.ncbi.nlm.nih.gov/pubmed/36839534
https://doi.org/10.1371/journal.pone.0249861
https://www.ncbi.nlm.nih.gov/pubmed/33836037
https://doi.org/10.1136/gutjnl-2013-304833
https://www.ncbi.nlm.nih.gov/pubmed/24021287
https://doi.org/10.3389/fimmu.2022.934695
https://www.ncbi.nlm.nih.gov/pubmed/35874661
https://doi.org/10.3389/fimmu.2022.836542
https://www.ncbi.nlm.nih.gov/pubmed/35237276
https://doi.org/10.1007/s00535-017-1384-4
https://doi.org/10.1038/s41416-022-01740-7
https://doi.org/10.1016/j.copbio.2017.08.004
https://doi.org/10.1016/S0140-6736(17)30317-3

	Introduction 
	Materials and Methods 
	Study Design and Patients’ Population 
	Aims of the Study and Outcomes Measures 
	FMT Procedure 
	Donor Selection 
	Stool Preparation and Fecal Infusion 

	Patient Perspectives Assessment 
	Microbiota Profiling 
	Statistical Analysisis 

	Results 
	Safety Assessment 
	FMT Perception 
	Exploratory Efficacy Evaluation 
	Gut Microbiota Foreshadowed the Response to FMT in UC 

	Discussion 
	Conclusions 
	References

