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Highlights

What are the main findings?

e In a single-centre retrospective cohort of 73 children undergoing 108 colonoscopy-
delivered FMT procedures, the short-term adverse event rate was 10.2%, with all
events graded CTCAE 1-2 and no serious adverse events.

e The most common adverse events were diarrhoea (5.6%) and vomiting (2.8%); ad-
verse event rates varied by underlying indication, with the lowest rate observed in
procedures performed for autism spectrum disorder.

What are the implications of the main findings?

e  Colonoscopy-delivered FMT in children appears safe in the short term, supporting its
continued use for recurrent C. difficile infection and its careful investigation in other
emerging pediatric indications.

e  Underlying disease activity (e.g., recurrent CDI, IBD) may influence procedural risk
and should be taken into account in the design of future studies.

Abstract

Background/Objectives: Fecal microbiota transplantation (FMT) is an established treat-
ment for recurrent or refractory Clostridioides difficile infection (rCDI) and is increasingly
investigated for other gastrointestinal and neuropsychiatric conditions in children. How-
ever, pediatric safety data remains limited. This study aimed to evaluate the short-term
safety of colonoscopy-delivered FMT in a heterogeneous pediatric cohort. Methods: We
conducted a retrospective single-centre cohort study of all FMT procedures performed
at Vilnius University Hospital Santaros Klinikos between 2017 and 2025. Fecal material
from three screened healthy pediatric donors was delivered to the caecum via colonoscopy
under general anesthesia. Adverse events (AEs) arising within 72 h of each procedure
were identified from the clinical records and assigned a severity grade using version 5.0 of
the Common Terminology Criteria for Adverse Events (CTCAE). AEs were analyzed on
a per-procedure basis. Associations between sex, age, and underlying indication and AE
occurrence were assessed using Fisher’s exact test and the Mann-Whitney U test. Results:
A total of 108 FMT procedures were performed on 73 children aged 2 to 17 years. The
predominant indication was autism spectrum disorder (ASD) and other developmental
disorders (80.6%). AEs were reported after 11 procedures (10.2%); all were classified as
CTCAE grade 1 or 2, and no serious AEs occurred. The most common AEs were diarrhoea
(5.6%) and vomiting (2.8%). In an exploratory comparison, procedures performed for ASD
were associated with a lower AE rate compared with other indications combined (6.9% vs.
23.8%; OR 0.24, 95% CI 0.06-0.87). Conclusions: Colonoscopy-delivered FMT was well
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tolerated in pediatric patients, with a favorable short-term safety profile consistent with
published pediatric FMT literature. As follow-up was largely passive and the cohort was
predominantly children with ASD, the observed rate should be regarded as a lower bound,
and these findings warrant confirmation in prospective studies.

Keywords: fecal microbiota transplantation; pediatric; colonoscopy; safety; adverse events

1. Introduction

The human gut is home to a diverse and continually changing community of mi-
croorganisms that contributes to host metabolism, shaping of the immune system, and
maintenance of the intestinal lining. Quantitative, qualitative or functional disruptions
to microbial balance, called dysbiosis, have been associated with intestinal as well as
systemic diseases [1-3]. As a result, there is growing interest in developing strategies to
modulate the gastrointestinal microbial ecosystem to prevent or treat various pathological
conditions. Among these, fecal microbiota transplantation (FMT) has been emerging as
a direct and effective method to improve dysbiosis and restore a healthy gut microbial
ecosystem [4,5]. FMT involves introducing a minimally processed microbial community
and metabolites, prepared from the stool of a healthy donor, into the gut of a recipient in
order to alter that recipient’s own microbiota [6]. With FMT, the recipient receives not only
microorganisms but also microbial metabolites and food residues, which may have both
beneficial and adverse effects. The first FMT in children was reported in 2010 [7]. Cur-
rently, FMT is considered as a standard treatment for recurrent or refractory Clostridioides
difficile infection (rCDI) and it is the only indication confirmed by North American Society
for Pediatric Gastroenterology, Hepatology, and Nutrition (NASPGHAN) and European
Society for Pediatric Gastroenterology, Hepatology, and Nutrition (ESPGHAN) consensus
guidelines [8]. Outside CDI, FMT is being explored across a range of other conditions:
gastrointestinal ones including inflammatory bowel disease (IBD) [9], irritable bowel syn-
drome (IBS) [10], and constipation [11], and neuropsychiatric ones such as autism spectrum
disorder (ASD) [12], Parkinson’s disease [13], and anorexia nervosa [14,15]. For all of
these conditions other than rCDI, FMT remains investigational. Although the therapeutic
benefits of FMT in CDI are well recognised, and being researched in other conditions, the
data regarding the adverse events (AE) associated with the procedure especially in the
children population is limited [16,17]. The adverse effects reported most often are mild and
gastrointestinal, including nausea, vomiting, diarrhoea, abdominal pain, flatulence, and
low-grade fever [18].

The rationale for FMT is based on restoring a depleted or imbalanced microbial
community to a more diverse and functional state, increasingly understood as the re-
establishment of cooperative microbial networks rather than the simple replacement of
missing species [19], although the underlying mechanisms are only partly understood
and differ between indications [20]. A varied microbiota restores colonisation resistance,
whereby resident commensals hold pathogens in check by outcompeting them for nutrients
and attachment sites, acidifying the lumen, and releasing inhibitory substances [21]. In
recurrent C. difficile infection this effect is reinforced once normal bile-acid handling is
re-established, since a healthy microbial community transforms primary bile acids into
secondary forms that suppress C. difficile spore germination and growth [22]. Fermentation
by gut microbes additionally generates short-chain fatty acids, which fuel colonocytes,
support the integrity of the epithelial barrier, and help regulate mucosal immunity [23-25].
Beyond the intestine, microbial metabolites and neuroactive signals are believed to oper-
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ate along the gut-brain axis, offering a rationale for exploring FMT in neuropsychiatric
conditions such as ASD [26,27] (Figure 1).
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Figure 1. Overview of faecal microbiota transplantation (FMT): procedure and proposed mechanisms
of action. (A) The FMT process. Stool is obtained from a healthy donor who has passed questionnaire,
blood and stool screening to exclude transmissible infection; the sample is suspended in saline,
homogenised and filtered, and administered either fresh (as in the present cohort) or after freeze—
thawing. FMT may be delivered by the upper gastrointestinal route (nasogastric/nasojejunal tube or
oral capsules) or the lower gastrointestinal route (colonoscopic delivery to the caecum, as used in this
cohort, or enema). (B) Proposed mechanisms through which FMT restores an interacting microbial
community: (1) colonisation resistance, in which diverse commensals compete with pathogens for
nutrients and adhesion sites and lower luminal pH or produce inhibitory compounds; (2) bile-acid
metabolism, in which the restored microbiota convert primary bile acids to secondary bile acids that
inhibit C. difficile germination and outgrowth; (3) short-chain fatty acid (SCFA) production, which
nourishes colonocytes and supports the epithelial barrier; (4) immune modulation, in which microbes
and their metabolites modulate mucosal and systemic immune responses, of particular relevance in
inflammatory bowel disease; and (5) gut-brain axis signalling, in which microbial metabolites and
neuroactive signals link the gut and brain.
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In practice, FMT proceeds through several steps (Figure 1). A healthy donor is se-
lected and screened with a structured questionnaire and laboratory testing of blood and
stool to exclude potentially transmissible infection. Donor stool is suspended usually in
saline, homogenised, and strained to remove solid matter, and the resulting preparation
may be administered fresh or after freezing and thawing. Delivery may be via the up-
per gastrointestinal tract (nasogastric or nasojejunal tube, or oral capsules) or the lower
tract (colonoscopy or enema), with bowel preparation generally preceding lower-route
administration [8]. However, important uncertainties remain regarding how FMT is best
performed: from the route of delivery, donor screening, and stool preparation to the condi-
tions it should treat and the strength of the underlying safety and efficacy evidence [28].
The donor screening, stool processing, and delivery protocol used in the present cohort are
detailed in the Materials and Methods.

Adverse events and their frequency differ among these delivery routes, which makes
route-specific safety data even scarcer. Given the paucity of safety data in children, the
present study aims to conduct a retrospective cohort analysis focusing specifically on the
colonoscopy method.

2. Materials and Methods
2.1. Study Population

FMT was performed as individualized clinical care under a pre-existing hospital clin-
ical protocol in place at our centre since 2017, operating independently of any research
activity. The indication for FMT in each child was determined on a case-by-case basis by
a multidisciplinary clinical consilium according to the individual clinical situation. For
non-established indications, including ASD, the consilium met with the parents or legal
guardians before the procedure and explicitly disclosed that, under current guidelines,
FMT is not a standard or approved treatment for these conditions. FMT was offered as an
additional option and was never a precondition for access to standard care. Parents and
legal guardians were not pressured to choose FMT; the decision was entirely voluntary,
and declining FMT did not affect the child’s access to standard care or any other services.
Standard care for children with ASD at our institution consists of individualized multidis-
ciplinary non-pharmacological interventions (kinesitherapy, speech and language therapy,
occupational therapy, structured teaching, and art therapy), determined and continued at
the discretion of the treating clinicians independently of FMT.

Clinical informed consent for the procedure was obtained from the parents or legal
guardians before each FMT as part of routine clinical care. Separately, for the present
retrospective analysis, use of the patients’ medical records was approved by Vilnius Re-
gional Bioethics Committee (Approval No.: 4-1400-893, approved 12 April 2022), and the
study was conducted in accordance with the Declaration of Helsinki. The committee’s
approval covered the retrospective collection and analysis of clinical data rather than the
procedures themselves.

An overview of the study design and workflow is provided in Figure 2.

2.2. Choice of Donors, FMT Preparation and Procedure
2.2.1. Donor Eligibility and Exclusion Criteria

Stool was donated by three unrelated healthy children aged 3-7 years, who partici-
pated as volunteers without any payment or compensation. Candidate donors were evalu-
ated through a structured medical interview and had to meet the following requirements:

Eligibility required:
e  Good general health, with no symptoms at the time of donation;
e Aregular bowel pattern and well-formed stools.
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A candidate was not accepted if any of the following applied:
e A known food allergy;

e Intake of antibiotics, probiotics, or other medication in the preceding 30 days;
e A chronic illness in the donor or their close family.

Study design and workflow

Study population

Children who underwent colnnn;copic FMT, 2017-2025

v

Retrospective review of clinical records approved by the Regional

Ethics approval

Bioethics Committee (12 April 2022)

v

Clinical records reviewed for eligibility; no records excluded

Final cohort
73 children who underwent a total of

108 FMT procedures

Demographics and clinical indication

Eligibility screening

Data extracted

Donor and procedure characteristics

Adverse events within 72h of the procedure

v

Adverse events graded by CTCAE v5.0

Safety outcomes

Per-procedure adverse-event rate: 10.2%
Per-patient adverse-event rate: 15.1%

Exploratory subgroup analyses
J

Figure 2. Overview of the study design and workflow. CTCAE, Common Terminology Criteria for
Adverse Events; FMT, faecal microbiota transplantation.

Comprehensive donor screening investigations were repeated every three months. In
addition, a short health questionnaire was completed before each individual stool donation
to identify any interim changes in health status, recent medication use, gastrointestinal
symptoms, or potential infectious exposures. Only donors with negative results on all
screening tests and no concerning findings on the pre-donation questionnaire were eligible
to participate.

During the COVID-19 pandemic period, SARS-CoV-2 RT-PCR testing from na-
sopharyngeal swabs was additionally performed on donors prior to donation; 26 of the
108 procedures in this cohort were performed during the pandemic period in Lithuania
(February 2020-May 2022).

2.2.2. Stool Screening Panel

Each donor stool sample was tested across several categories before use. Parasitolog-
ical assessment comprised microscopy for protozoa and helminth ova, alongside a fecal
occult blood test. Adenovirus, norovirus, and rotavirus were sought on viral testing. A PCR-
based bacterial panel covered Campylobacter spp., Salmonella spp., Shigella spp., Vibrio spp.,
Yersinia spp., toxin-producing Escherichia coli, Listeria monocytogenes, vancomycin-resistant
Enterococcus (VRE), and methicillin-resistant Staphylococcus aureus (MRSA); Clostridioides
difficile toxins A and B were also assayed.
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2.2.3. Blood Screening Panel

Venous blood was also drawn from every donor to rule out transmissible infection.
The serological work-up covered hepatitis A virus IgM, hepatitis B surface antigen (HB-
sAg), hepatitis C virus antibodies (anti-HCV), human immunodeficiency virus (HIV),
cytomegalovirus (CMV) IgM, and Epstein—Barr virus (EBV) IgM, with syphilis assessed
by the rapid plasma reagin (RPR) test. A full blood count, C-reactive protein (CRP), and
erythrocyte sedimentation rate (ESR) were obtained in addition.

2.2.4. FMT Preparation

Fresh stool was used for all procedures. Donor stool samples were collected and stored
at +4 °C, and in all cases the interval between collection and FMT was less than 8 h. Stool
was diluted in 0.9% NaCl at an approximate 1:1 ratio (approximately 1 g of stool per 1 mL
of saline); absolute amounts ranged from 50 to 300 g of stool in 50 to 300 mL of saline,
scaled to the recipient’s age and weight. The suspension was homogenized using a blender
and filtered to remove undigested material and solid particles. After preparation, the fecal
suspension was administered within 1 h.

2.2.5. Bowel Preparation and FMT Procedure

Patients underwent bowel preparation with 1.5-3 L of polyethylene glycol 4000 (For-
trans, Beaufour Ipsen Industrie, Dreux, France) or a weight-based dose of sodium pi-
cosulfate with magnesium citrate (Picoprep, Ferring GmbH, Kiel, Germany) solution,
administered the day before and on the morning of the procedure. No routine pre-FMT
antibiotic decolonization regimen was used. Pre-FMT antibiotic exposure differed by indi-
cation: two patients in the rCDI group received oral vancomycin as part of their clinical
care, in both cases completed more than five days before FMT. Patients treated for other
indications did not receive antibiotics before FMT.

The fecal solution was delivered to the caecum via colonoscopy under general anes-
thesia with sevoflurane administered by mask. The whole FMT procedure lasted from 10
to 20 min.

2.3. Evaluation of FMT-Related Adverse Events

Only short-term AE were analyzed in this study. Short-term AE were defined as any
medical occurrence within 72 h of the FMT procedure, including new symptoms as well as
exacerbations of pre-existing conditions. As this was a retrospective study, AE data were
extracted from inpatient medical records and nursing documentation.

Follow-up combined active in-hospital monitoring with passive post-discharge contact.
The duration of in-hospital observation was determined primarily by logistical factors,
including parental preference and distance from the hospital; most patients remained
hospitalized for at least 24 h after the procedure, while a subset was discharged on the day
of the procedure. Patients who developed AE during the in-hospital observation period
were monitored for a longer duration as clinically indicated. Throughout the inpatient
stay, symptoms, vital signs, and clinical status were systematically documented. Upon
discharge, all patients and their parents or legal guardians were provided with direct contact
information of the gastroenterologist who performed the procedure and were instructed to
report any new or worsening symptoms occurring within the 72 h follow-up window.

No scheduled follow-up contact was performed; AE assessment was considered
complete at the end of the inpatient stay unless the family contacted the team. Information
obtained through post-discharge contacts was recorded in the patient’s medical record and
included in the analysis if it occurred within 72 h of the procedure.
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The severity of each AE was classified using version 5.0 of the Common Terminol-
ogy Criteria for Adverse Events (CTCAE) [29]. AEs were analyzed on a per-procedure
basis rather than per-patient. Given the retrospective design and the heterogeneity of
underlying conditions, indications for repeat FMT, and intervals between procedures, the
per-procedure approach allows a more granular assessment of procedural safety and avoids
underestimating cumulative risk in patients receiving multiple FMTs.

No formal causality-attribution method was applied to individual events. Because
an adverse event occurring after the procedure cannot reliably be attributed to the FMT
itself rather than to bowel preparation, colonoscopy, or anesthesia, all events arising within
the 72 h window were counted as procedure-associated regardless of presumed cause.
This conservative approach may over-attribute events to FMT but minimizes the risk of
underestimating adverse events.

2.4. Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics, version 29 (IBM Corp.,
Armonk, NY, USA). Median and interquartile range (IQR) were used to describe continuous
variables and counts with percentages to describe categorical variables.

Associations between patient and procedural characteristics (sex, age, and underlying
disease) and the occurrence of AE were assessed on a per-procedure basis. Because of
the small sample and sparse subgroup cells, between-group comparisons of categorical
variables relied on Fisher’s exact test; for each disease subgroup versus all others, we
derived odds ratios (OR) with 95% confidence intervals (CI). Age, treated as a continuous
variable, was compared between procedures with and without AE using the Mann-Whitney
U test. A two-sided p-value < 0.05 was considered statistically significant.

Given the small number of events (n = 11) and the sparse cell counts within subgroups,
we did not fit a multivariable logistic-regression model, since the available data fell short of
the number of events per predictor needed for stable estimation. Findings are therefore
reported as unadjusted associations only and should be read as preliminary and hypothesis-
forming rather than confirmatory. Considering the marked imbalance in subgroup sizes
(several indications comprising as few as three procedures) and the multiple comparisons
performed without formal correction, the subgroup analyses are severely underpowered
and prone to both Type I and Type II error and cannot support conclusions about subgroup-
specific risk. Accordingly, the only indication comparison treated as interpretable was ASD
versus all non-ASD indications combined. Additionally, to assess the potential impact
of repeated procedures within patients, a per-patient sensitivity analysis was performed,
classifying a patient as having an AE if any of their procedures was associated with one.

Figures 1 and 2 were created as original vector graphics using Inkscape version 1.4.3.

3. Results
3.1. Patient Characteristics

A total of 108 FMT procedures were performed on 73 children aged 2 to 17 years. Nine-
teen patients received more than one FMT; as previously described, each procedure was
analyzed as a separate event. The characteristics of patients per procedure are summarized
in Table 1.

According to the most recent systematic review of FMT in children, the main indication
for FMT in pediatric patients is recurrent rCDI [18]. In contrast, the predominant indication
in our cohort was ASD and other developmental disorders (80.6%), reflecting the fact that
most patients (or their caregivers) actively sought FMT as a novel treatment option.

https://doi.org/10.3390/children13081005


https://doi.org/10.3390/children13081005

Children 2026, 13, 1005

8 of 14

Table 1. Demographic characteristics of patients per procedure (N = 108).

Characteristic n (%) or Median [IQR]
Sex
Male 78 (72.2)
Female 30 (27.8)
Age (years) 7.7 [5.5-12.3]
Indication
ASD and other developmental disorders 87 (80.6)
Inflammatory bowel disease (IBD) 3(2.8)
rCDI 3(2.8)
IBD + rCDI 12 (11.1)
Other ! 3(2.8)

! Includes primary sclerosing cholangitis and two patients with anorexia nervosa. Abbreviations: ASD, autism
spectrum disorder; IBD, inflammatory bowel disease; IQR, interquartile range; rCDI, recurrent Clostridioides
difficile infection.

3.2. Adverse Events

AE were reported after 11 of 108 procedures (10.2%). All AEs were graded as CTCAE
grade 1 or 2; no serious AE (CTCAE grade > 3) occurred. The most frequently reported
AE was diarrhoea (5.6%) with the duration of 1 to 2 days. The incidence of each AE is
detailed in Table 2. Each of the 11 AE-associated procedures occurred in a different child.
No patient experienced an adverse event after more than one procedure. Thus, although 19
patients underwent multiple FMTs, AEs were not clustered within individuals, minimizing
the statistical dependence that repeated within-patient observations could introduce. On
a per-patient basis, 11 of 73 patients (15.1%) experienced at least one AE, similar to the
per-procedure rate of 10.2%.

Table 2. AE reported following FMT (N = 108 procedures).

Adverse Event n (%)
Diarrhoea 6 (5.6%)
Vomiting 3 (2.8%)
Headache 1 (0.9%)

Fever 1 (0.9%)
Total 11 (10.2%)

Two cases warrant additional clinical context. One patient (0.9%) who reported
a headache following FMT had a two-year history of recurrent headaches, occurring
2-3 times per month and managed with non-steroidal anti-inflammatory drugs. The post-
FMT headache was described as more severe than her typical episodes. A second patient
(0.9%) developed fever and pharyngitis three days after the procedure; given the timing and
clinical presentation, this was considered most likely to represent a community-acquired
infection unrelated to the FMT.

3.3. Factors Associated with Adverse Events

Associations between patient sex, age, and underlying disease and the occurrence of
AEs were assessed (Table 3). No association was observed between sex and AE occurrence
(p = 1.000). Patient age did not differ between procedures with and without AEs (median
[IQR]: AE group 7.7 [5.2-12.8] years vs. no-AE group 7.6 [5.5-12.0] years; Mann-Whitney
U =547.5, p = 0.887). When stratified by age group, AEs occurred in 3 of 33 procedures
(9.1%) in children aged 2-5 years, 4 of 47 (8.5%) aged 6-11 years, and 4 of 28 (14.3%) aged
12-17 years, with no clear trend across age groups (Table 4). Given the small number of
events (n = 11), these age-stratified figures are descriptive.
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Table 3. Patient characteristics and adverse event occurrence per procedure (N = 108).
Characteristic Subgroup No AE, n (%) AE, n (%) p-Value!  OR?2 95% CI

Sex Male 70 (89.7) 8 (10.3)

1.000 1.03 0.24-4.35
Female 27 (90.0) 3(10.0)

Age, years 3 — 7.6 [5.5-12.0] 7.7 [5.2-12.8] 0.887 — —
Indication 5D and developmental = o) o5 4 6 (6.9)
disorders
Non-ASD indicat 0.036 0.24 0.06-0.87
on- indications

combined 4 16 (76.2) 5(23.8)

! p-values calculated using Fisher’s exact test for associations between categorical variables and Mann-Whitney U
test for age comparisons between groups. 2 For the indication comparison, the odds ratio compares ASD with all
non-ASD indications combined. 3 Age values are median [IQR]; Mann-Whitney U = 547.5. 4 Non-ASD indications
combined comprises IBD (n = 3), rCDI (n = 3), combined IBD and rCDI (n = 12), and other indications (n = 3);
these were pooled because individual subgroups were too small for meaningful comparison. Abbreviations: AE,
adverse event; ASD, autism spectrum disorder; CI, confidence interval; IBD, inflammatory bowel disease; IQR,
interquartile range; OR, odds ratio; rCDI, recurrent Clostridioides difficile infection.

Table 4. Adverse event incidence by age group (N = 108 procedures).

Age Group (Years) * Procedures, n AE, n AE Rate, %
2-5 33 3 9.1
6-11 47 4 8.5
12-17 28 4 14.3
Total 108 11 10.2

* Age groups correspond to conventional pediatric developmental stages (preschool, 2-5 years; school-age,
6-11 years; adolescent, 12-17 years); bands were chosen to retain a sufficient number of procedures per group
given the small number of events.

Because the individual non-ASD indications each comprised as few as three pro-
cedures, subgroup-by-subgroup comparison was not statistically meaningful; the only
sufficiently powered indication comparison was ASD versus all non-ASD indications com-
bined. Procedures performed for ASD and other developmental disorders were associated
with a lower AE rate than non-ASD indications combined (6.9% vs. 23.8%; OR 0.24, 95%
CI0.06-0.87; p = 0.036). For completeness, AEs within the non-ASD group occurred in 0
of 31BD, 2 of 3 rCDl], 2 of 12 combined IBD and rCD], and 1 of 3 other procedures; given
these very small counts, individual indications were not tested separately and no inference
should be drawn from them.

These subgroup analyses are exploratory only and substantially underpowered. Given
the marked imbalance in subgroup sizes, the small number of events (n = 11), and the
multiple comparisons involved, they are prone to both Type I and Type II error and should
be regarded as descriptive observations rather than evidence of subgroup-specific risk.

4. Discussion

In this single-centre retrospective study of 108 FMT procedures on 73 children, the
overall short-term adverse event (AE) rate was 10.2%, and all AEs were classified as CTCAE
grade 1 or 2. No serious AE occurred. A 2022 systematic review and meta-analysis by Wang
et al., which included 18 studies and 681 children over 20 years of pediatric FMT experience,
reported an overall AE rate of 28.86% (95% CI 19.56-39.15%), with mild-to-moderate events
accounting for 27.72% and severe events for only 0.90% [30]. Our rate is well below this
pooled estimate and is comparable to two of the largest single-centre pediatric cohorts
published to date: Xiao et al. reported a 5.8% AE rate within 48 h among 813 children
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over 10 years [31], while Zou et al. reported 13.7% per-procedure and 35.1% per-patient
rates among 74 children undergoing 508 FMT procedures [32]. The complete absence of
CTCAE grade > 3 events in our cohort is consistent with these large-scale series, which
have similarly reported very low severe AE rates of 0.2-0.9%.

The most common AEs in our study were diarrhoea (5.6%) and vomiting (2.8%), with
isolated reports of headache and fever. It is similar to those described in the pediatric
FMT literature, in which gastrointestinal symptoms (abdominal pain, diarrhoea, vomiting)
consistently emerge as the most frequent procedure-related events [18,30-32]. These symp-
toms most plausibly reflect transient mucosal and microbial perturbation following the
introduction of donor microbiota.

Subgroup analyses identified disease-related differences in AE occurrence. Proce-
dures performed for ASD were associated with a lower AE rate compared with all other
indications combined (6.9% vs. 23.8%; OR 0.24, 95% CI 0.06-0.87). Although statistically
significant, this association should not be interpreted as a biologically protective effect of
the ASD diagnosis itself. It probably reflects the underlying gastrointestinal health of this
subgroup relative to the comparator. Patients undergoing FMT for ASD generally lacked
active mucosal inflammation, ongoing infection, or other gastrointestinal pathology, in
contrast to patients with rCDI, IBD, or combined IBD and rCDI, whose gut environments
were affected by active disease at the time of the procedure. This absence of active mucosal
disease is the most plausible explanation for the lower adverse event rate in the ASD
subgroup, as an inflamed or infected mucosa is more likely to react to bowel preparation,
colonoscopy, and the introduction of donor microbiota. This interpretation is supported by
direct comparison with published ASD-specific cohorts: in a prospective study of 98 ASD
children undergoing FMT, Li et al. reported AE rates of 8.2-10.2% depending on delivery
route [33], comparable to the 6.9% we observed in our ASD subgroup. A 2025 systematic
review of FMT in pediatric ASD similarly concluded that the procedure is generally safe in
this population, with no serious AEs reported across nine studies [34]. Because the overall
10.2% rate is dominated by procedures performed in children without active mucosal
inflammation, it should not be extrapolated to settings where FMT is used predominantly
for rCDI or IBD, where higher procedural risk may be expected.

Conversely, procedures performed for rCDI showed a numerically higher AE rate.
However, this estimate is based on only three rCDI procedures, which is too small for
statistical interpretation. Importantly, this finding is not supported by the largest published
pediatric series: Xiao et al. did not identify rCDI as an independent risk factor (OR 0.5,
p = 0.75) [31]. For IBD, our subgroups were not significant (IBD 0%; IBD + rCDI 16.7%),
whereas larger series have reported elevated risk—Xiao et al. for IBD (OR 3.98, 95% CI
1.78-8.92) [31], Zou et al. for ulcerative colitis (OR 7.68) [32], and a 2023 systematic review
pooling AE and serious AE rates of 29% and 10% [35]. All of our subgroup estimates derive
from three to twelve procedures and must be read as descriptive rather than confirmatory;
they cannot exclude true differences in risk.

These results support a view of pediatric FMT safety in which the procedure itself
is well tolerated, but in which baseline mucosal status and underlying disease activity
meaningfully influence the likelihood of transient post-procedural symptoms [17,18,36]. In
particular, bowel preparation and colonoscopy frequently produce transient diarrhoea and
abdominal discomfort, and general anesthesia can contribute to post-procedural vomiting
and headache. Some of the events we recorded (especially diarrhoea, vomiting, and
headache) may reflect these peri-procedural factors rather than the transplanted microbiota.
Because we counted all events within the window regardless of cause, our adverse event
rate conservatively encompasses both procedure- and FMT-related events.
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The choice of delivery route is another factor known to influence the AE profile of
FMT. Xiao et al. reported AE rates ranging from 2.5% for capsule delivery to 16.0% for
nasogastric tube administration, with colonoscopy yielding a 10.3% rate [31] which is very
similar to the 10.2% observed in our exclusively colonoscopy-delivered cohort. Some AEs
attributed to colonoscopic FMT may reflect peri-procedural factors (bowel preparation,
general anesthesia, or the colonoscopy itself) and not the microbiota transplant itself. Wang
et al.’s meta-analysis found no significant difference in pediatric AE rates between upper
and lower gastrointestinal routes, though comparative pediatric data remain limited [18,30].

Limitations

Several limitations should be acknowledged. First, the retrospective single-centre de-
sign has inherent constraints on data completeness and generalizability, and AEs identified
through chart review may be subject to documentation bias.

Second, post-discharge follow-up was passive and relied on families spontaneously
contacting the physician: families were provided with direct contact information of the
treating gastroenterologist but no scheduled follow-up was performed, which may have
led to under-capture of mild self-limiting AEs that resolved without prompting families to
contact the team. The true incidence of minor AEs is therefore likely underestimated, and
the observed 10.2% rate should be regarded as a lower bound for short-term events.

Third, the cohort was heterogeneous in terms of underlying indication. With more
than 80% of procedures performed for ASD and related developmental disorders, which
represents a case mix markedly different from the rCDI-predominant populations described
in current guidelines, the generalizability of these findings to other pediatric FMT indica-
tions is limited. This pattern is increasingly common in some pediatric FMT cohorts, for
example, ASD comprised 49.6% of Xiao et al.’s 813-patient series [31]. Nonetheless, the
predominance of ASD in our cohort limits direct comparisons across indications and may
influence AE reporting patterns, as caregiver expectations and motivation to seek treatment
differ across diagnoses.

In addition, the specific donor used for each procedure was not captured in our dataset;
consequently, we could not evaluate whether adverse event occurrence varied by donor.
Although all donors underwent identical screening and re-screening, a potential donor
effect cannot be excluded and warrants assessment in future prospective studies.

With respect to the analysis, although AEs were analyzed primarily per procedure, no
patient experienced more than one AE, so the within-patient correlation that could under-
mine this approach was absent. The higher per-patient rate (15.1% vs. 10.2%) reflects only
the smaller patient denominator rather than any clustering of events within individuals,
and the overall finding of a low rate of exclusively mild AEs remains unchanged.

Engraftment was not evaluated and could not be assessed retrospectively: microbiome
sequencing and donor-recipient strain analyses were not part of clinical care, and no
banked samples exist for this cohort. We therefore cannot report whether the transferred
microbiota established or persisted in recipients. This reflects both the retrospective design
and the study’s focus on procedural safety, and represents an important question for future
prospective, microbiome-based studies.

Beyond its clinical findings, this study was conducted with careful attention to ethical
rigour: because FMT remains investigational for most of the indications represented here,
every procedure was undertaken as individualized clinical care, decided case by case by a
multidisciplinary consilium, with families explicitly informed of its investigational status
and free to decline without any effect on their child’s continued care. The retrospective
analysis of these records was subsequently approved by the regional bioethics committee.
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Finally, the AE assessment window was limited to 72 h, and longer-term outcomes,
including delayed AEs, were not assessed.

5. Conclusions

Within these limitations, our findings support the short-term safety of colonoscopy-
delivered FMT in a pediatric population with a heterogeneous mix of indications, with an
overall AE rate (10.2%) and severity profile (all CTCAE grade 1-2) that compares favorably
with other pediatric FMT literature. Accordingly, these findings should be interpreted as
evidence of immediate procedural safety rather than as an assessment of the long-term
or overall safety profile of FMT, which will require dedicated longer-term surveillance.
Additionally, the findings apply most directly to an ASD-predominant cohort. Larger
prospective multicentre studies with longer follow-up and standardized AE reporting are
needed to confirm subgroup risk patterns.
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Abbreviations

The following abbreviations are used in this manuscript:

AE adverse event

ASD autism spectrum disorder

CDI Clostridioides difficile infection

CI confidence interval

CRP C-reactive protein

CTCAE Common Terminology Criteria for Adverse Events
ESPGHAN European Society for Pediatric Gastroenterology, Hepatology, and Nutrition
ESR erythrocyte sedimentation rate

FMT fecal microbiota transplantation

IBD inflammatory bowel disease

IBS irritable bowel syndrome

IOR interquartile range

MRSA methicillin-resistant Staphylococcus aureus

NASPGHAN  North American Society for Pediatric Gastroenterology, Hepatology, and Nutrition
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OR odds ratio

PCR polymerase chain reaction

rCDI recurrent Clostridioides difficile infection
RPR rapid plasma reagin

VRE vancomycin-resistant Enterococcus

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Gilbert, J.A.; Blaser, M.].; Caporaso, ].G.; Jansson, ].K.; Lynch, S.V.; Knight, R. Current Understanding of the Human Microbiome.
Nat. Med. 2018, 24, 392-400. [CrossRef] [PubMed]

Chang, C.; Lin, H. Dysbiosis in Gastrointestinal Disorders. Best Pract. Res. Clin. Gastroenterol. 2016, 30, 3-15. [CrossRef] [PubMed]
Acevedo-Roman, A.; Pagan-Zayas, N.; Velazquez-Rivera, L.I.; Torres-Ventura, A.C.; Godoy-Vitorino, F. Insights into Gut Dysbiosis:
Inflammatory Diseases, Obesity, and Restoration Approaches. Int. . Mol. Sci. 2024, 25, 9715. [CrossRef] [PubMed]

Sahle, Z.; Engidaye, G.; Shenkute Gebreyes, D.; Adenew, B.; Abebe, T.A. Fecal Microbiota Transplantation and Next-Generation
Therapies: A Review on Targeting Dysbiosis in Metabolic Disorders and Beyond. SAGE Open Med. 2024, 12, 20503121241257486.
[CrossRef] [PubMed]

Hou, S; Yu, ].; Li, Y;; Zhao, D.; Zhang, Z. Advances in Fecal Microbiota Transplantation for Gut Dysbiosis-Related Diseases. Adv.
Sci. 2025, 12, 2413197. [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]

Russell, G.; Kaplan, J.; Ferraro, M.; Michelow, I.C. Fecal Bacteriotherapy for Relapsing Clostridium difficile Infection in a Child: A
Proposed Treatment Protocol. Pediatrics 2010, 126, e239-e242. [CrossRef] [PubMed]

Davidovics, Z.H.; Michail, S.; Nicholson, M.R.; Kociolek, L.K.; Pai, N.; Hansen, R.; Schwerd, T.; Maspons, A.; Shamir, R,;
Szajewska, H.; et al. Fecal Microbiota Transplantation for Recurrent Clostridium difficile Infection and Other Conditions in
Children: A Joint Position Paper from the North American Society for Pediatric Gastroenterology, Hepatology, and Nutrition and
the European Society for Pediatric Gastroenterology, Hepatology, and Nutrition. J. Pediatr. Gastroenterol. Nutr. 2019, 68, 130-143.
[CrossRef] [PubMed]

Ishikawa, D.; Zhang, X.; Nomura, K.; Nagahara, A. Fecal Microbiota Transplantation for Inflammatory Bowel Disease: Where We
Stand and What Is Next. Inflamm. Intest. Dis. 2025, 10, 371-386. [CrossRef] [PubMed]

El-Salhy, M.; Hatlebakk, J.G.; Gilja, O.H.; Brathen Kristoffersen, A.; Hausken, T. Efficacy of Faecal Microbiota Transplantation
for Patients with Irritable Bowel Syndrome in a Randomised, Double-Blind, Placebo-Controlled Study. Gut 2020, 69, 859-867.
[CrossRef] [PubMed]

Wang, K.; Gao, C.; Zhu, L.; Chen, M.,; Tong, Y.X.; Zhang, S. Fecal Microbiota Transplantation for Chronic Constipation: A
Systematic Review and Meta-Analysis of Clinical Efficacy, Safety, and Microbial Dynamics. Front. Microbiol. 2025, 16, 1604571.
[CrossRef] [PubMed]

Mtynarska, E.; Barszcz, E.; Budny, E.; Gajewska, A.; Kope¢, K.; Wasiak, J.; Rysz, ].; Franczyk, B. The Gut-Brain—-Microbiota
Connection and Its Role in Autism Spectrum Disorders. Nutrients 2025, 17, 1135. [CrossRef] [PubMed]

Bruggeman, A.; Vandendriessche, C.; Hamerlinck, H.; De Looze, D.; Tate, D.].; Vuylsteke, M.; De Commer, L.; Devolder, L.; Raes,
J.; Verhasselt, B.; et al. Safety and Efficacy of Faecal Microbiota Transplantation in Patients with Mild to Moderate Parkinson’s
Disease (GUT-PARFECT): A Double-Blind, Placebo-Controlled, Randomised, Phase 2 Trial. eClinicalMedicine 2024, 71, 102563.
[CrossRef] [PubMed]

Maschek, S.; Ostergaard, T.H.; Krych, L.; Zachariassen, L.F,; Serensen, D.B.; Junker Mentzel, C.M.; Hansen, A.K; Sjogren, ] M.;
Barfod, K.K. Investigating Fecal Microbiota Transplants from Individuals with Anorexia Nervosa in Antibiotic-Treated Mice
Using a Cross-over Study Design. J. Eat. Disord. 2025, 13, 82. [CrossRef] [PubMed]

Wilson, B.C.; Tweedie-Cullen, R.Y.; Albert, B.B.; Derraik, ].G.B.; Ho, D.; Depczynski, M.; Creagh, C.; Edwards, T.; Gali, S.; Thabrew,
H.; et al. Encapsulated Faecal Microbiota Transfer in Young Women with Anorexia Nervosa: An Open-Label Feasibility Pilot
Trial. Nat. Commun. 2025, 17, 571. [CrossRef] [PubMed]

Hourigan, S.K.; Nicholson, M.R.; Kahn, S.A.; Kellermayer, R. Updates and Challenges in Fecal Microbiota Transplantation for
Clostridioides difficile Infection in Children. ]. Pediatr. Gastroenterol. Nutr. 2021, 73, 430-432. [CrossRef] [PubMed]

Gu, X.; Chen, Z.-H.; Zhang, S.-C. Fecal Microbiota Transplantation in Childhood: Past, Present, and Future. World ]. Pediatr. 2023,
19, 813-822. [CrossRef] [PubMed]

Lauwers, E.; Sabino, J.; Hoffman, I.; Van Hoeve, K. Faecal microbiota transplantation in children: A Systematic Review. Acta
Paediatr. 2024, 113, 1991-2002. [CrossRef] [PubMed]

https://doi.org/10.3390/children13081005


https://doi.org/10.1038/nm.4517
https://www.ncbi.nlm.nih.gov/pubmed/29634682
https://doi.org/10.1016/j.bpg.2016.02.001
https://www.ncbi.nlm.nih.gov/pubmed/27048892
https://doi.org/10.3390/ijms25179715
https://www.ncbi.nlm.nih.gov/pubmed/39273662
https://doi.org/10.1177/20503121241257486
https://www.ncbi.nlm.nih.gov/pubmed/38826830
https://doi.org/10.1002/advs.202413197
https://www.ncbi.nlm.nih.gov/pubmed/40013938
https://doi.org/10.1053/j.gastro.2015.05.008
https://www.ncbi.nlm.nih.gov/pubmed/25982290
https://doi.org/10.1542/peds.2009-3363
https://www.ncbi.nlm.nih.gov/pubmed/20547640
https://doi.org/10.1097/MPG.0000000000002205
https://www.ncbi.nlm.nih.gov/pubmed/30540704
https://doi.org/10.1159/000549227
https://www.ncbi.nlm.nih.gov/pubmed/41346377
https://doi.org/10.1136/gutjnl-2019-319630
https://www.ncbi.nlm.nih.gov/pubmed/31852769
https://doi.org/10.3389/fmicb.2025.1604571
https://www.ncbi.nlm.nih.gov/pubmed/40822387
https://doi.org/10.3390/nu17071135
https://www.ncbi.nlm.nih.gov/pubmed/40218893
https://doi.org/10.1016/j.eclinm.2024.102563
https://www.ncbi.nlm.nih.gov/pubmed/38686220
https://doi.org/10.1186/s40337-025-01276-0
https://www.ncbi.nlm.nih.gov/pubmed/40361238
https://doi.org/10.1038/s41467-025-67267-6
https://www.ncbi.nlm.nih.gov/pubmed/41392089
https://doi.org/10.1097/MPG.0000000000003229
https://www.ncbi.nlm.nih.gov/pubmed/34238831
https://doi.org/10.1007/s12519-022-00655-w
https://www.ncbi.nlm.nih.gov/pubmed/36484871
https://doi.org/10.1111/apa.17167
https://www.ncbi.nlm.nih.gov/pubmed/38391047
https://doi.org/10.3390/children13081005

Children 2026, 13, 1005 14 of 14

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Andary, C.M.; Al, K.E; Chmiel, ].A.; Gibbons, S.; Daisley, B.A.; Parvathy, S.N.; Maleki Vareki, S.; Bowdish, D.M.E_; Silverman,
M.S.; Burton, J.P. Dissecting Mechanisms of Fecal Microbiota Transplantation Efficacy in Disease. Trends Mol. Med. 2024, 30,
209-222. [CrossRef] [PubMed]

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

Seekatz, A.M.; Safdar, N.; Khanna, S. The Role of the Gut Microbiome in Colonization Resistance and Recurrent Clostridioides
difficile Infection. Ther. Adv. Gastroenterol. 2022, 15, 17562848221134396. [CrossRef] [PubMed]

McMillan, A.S.; Theriot, C.M. Bile Acids Impact the Microbiota, Host, and C. difficile Dynamics Providing Insight into Mechanisms
of Efficacy of FMTs and Microbiota-Focused Therapeutics. Gut Microbes 2024, 16, 2393766. [CrossRef] [PubMed]

Shin, Y.; Han, S.; Kwon, J.; Ju, S.; Choi, T.; Kang, I.; Kim, S. Roles of Short-Chain Fatty Acids in Inflammatory Bowel Disease.
Nutrients 2023, 15, 4466. [CrossRef] [PubMed]

Koh, A.; De Vadder, F,; Kovatcheva-Datchary, P.; Backhed, F. From Dietary Fiber to Host Physiology: Short-Chain Fatty Acids as
Key Bacterial Metabolites. Cell 2016, 165, 1332-1345. [CrossRef] [PubMed]

Mann, E.R.; Lam, Y.K.; Uhlig, H.H. Short-Chain Fatty Acids: Linking Diet, the Microbiome and Immunity. Nat. Rev. Immunol.
2024, 24, 577-595. [CrossRef] [PubMed]

Lee, S.-H.; Han, C.; Shin, C. [IUPHAR Review: Microbiota-Gut-Brain Axis and Its Role in Neuropsychiatric Disorders. Pharmacol.
Res. 2025, 216, 107749. [CrossRef] [PubMed]

Socata, K.; Doboszewska, U.; Szopa, A.; Serefko, A.; Wlodarczyk, M.; Zieliniska, A.; Poleszak, E.; Fichna, J.; Wlaz, P. The Role
of Microbiota-Gut-Brain Axis in Neuropsychiatric and Neurological Disorders. Pharmacol. Res. 2021, 172, 105840. [CrossRef]
[PubMed]

Wang, X.; Zhao, D.; Bi, D.; Li, L.; Tian, H,; Yin, F; Zuo, T,; Ianiro, G.; Li, N.; Chen, Q.; et al. Fecal Microbiota Transplantation:
Transitioning from Chaos and Controversial Realm to Scientific Precision Era. Sci. Bull. 2025, 70, 970-985. [CrossRef] [PubMed]
U.S. Department of Health and Human Services. Common Terminology Criteria for Adverse Events (CTCAE), Version 5.0; National
Cancer Institute: Bethesda, MD, USA, 2017. Available online: https://ctep.cancer.gov/protocoldevelopment/electronic_
applications/ctc.htm (accessed on 9 November 2025).

Wang, J.; Liang, Q.; Dou, H.; Ou, Y. The Global Incidence of Adverse Events Associated with Fecal Microbiota Transplantation in
Children over the Past 20 Years: A Systematic Review and Meta-analysis. |. Gastroenterol. Hepatol. 2022, 37, 2031-2038. [CrossRef]
[PubMed]

Xiao, P; Li, Y,; Li, X.; Ge, T,; Li, D.; Xu, Q.; Ruan, Y.; Xiao, F; Xiao, Y.; Zhang, T. Long-Term Safety of Fecal Microbiota
Transplantation in Chinese Children from 2013 to 2023: A Single-Center Retrospective Study. BMC Microbiol. 2025, 25, 152.
[CrossRef] [PubMed]

Zou, B,; Liu, S.-X,; Li, X.-S.; He, ].-Y.; Dong, C.; Ruan, M.-L.; Xu, L.; Bai, T.; Huang, Z.-H.; Shu, S.-N. Long-Term Safety and
Efficacy of Fecal Microbiota Transplantation in 74 Children: A Single-Center Retrospective Study. Front. Pediatr. 2022, 10, 964154.
[CrossRef] [PubMed]

Li, Y; Xiao, P; Ding, H.; Wang, H.; Xu, Q.; Wang, R.; Zheng, L.; Song, X.; Wang, Y.; Zhang, T. Fecal Microbiota Transplantation in
Children with Autism. Neuropsychiatr. Dis. Treat. 2024, 20, 2391-2400. [CrossRef] [PubMed]

Liber, A.; Wiech, M. The Impact of Fecal Microbiota Transplantation on Gastrointestinal and Behavioral Symptoms in Children
and Adolescents with Autism Spectrum Disorder: A Systematic Review. Nutrients 2025, 17, 2250. [CrossRef] [PubMed]

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] [PubMed]

Bieganska, E.A.; Kosinski, P.; Wolski, M. Possible Applications of Fecal Microbiota Transplantation in the Pediatric Population: A
Systematic Review. Biomedicines 2025, 13, 1393. [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/10.3390/children13081005


https://doi.org/10.1016/j.molmed.2023.12.005
https://www.ncbi.nlm.nih.gov/pubmed/38195358
https://doi.org/10.1038/nrgastro.2016.98
https://www.ncbi.nlm.nih.gov/pubmed/27329806
https://doi.org/10.1177/17562848221134396
https://www.ncbi.nlm.nih.gov/pubmed/36425405
https://doi.org/10.1080/19490976.2024.2393766
https://www.ncbi.nlm.nih.gov/pubmed/39224076
https://doi.org/10.3390/nu15204466
https://www.ncbi.nlm.nih.gov/pubmed/37892541
https://doi.org/10.1016/j.cell.2016.05.041
https://www.ncbi.nlm.nih.gov/pubmed/27259147
https://doi.org/10.1038/s41577-024-01014-8
https://www.ncbi.nlm.nih.gov/pubmed/38565643
https://doi.org/10.1016/j.phrs.2025.107749
https://www.ncbi.nlm.nih.gov/pubmed/40306604
https://doi.org/10.1016/j.phrs.2021.105840
https://www.ncbi.nlm.nih.gov/pubmed/34450312
https://doi.org/10.1016/j.scib.2025.01.029
https://www.ncbi.nlm.nih.gov/pubmed/39855927
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/ctc.htm
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/ctc.htm
https://doi.org/10.1111/jgh.15996
https://www.ncbi.nlm.nih.gov/pubmed/36066910
https://doi.org/10.1186/s12866-025-03858-z
https://www.ncbi.nlm.nih.gov/pubmed/40098090
https://doi.org/10.3389/fped.2022.964154
https://www.ncbi.nlm.nih.gov/pubmed/36304525
https://doi.org/10.2147/NDT.S488001
https://www.ncbi.nlm.nih.gov/pubmed/39677507
https://doi.org/10.3390/nu17132250
https://www.ncbi.nlm.nih.gov/pubmed/40647353
https://doi.org/10.3390/microorganisms11051272
https://www.ncbi.nlm.nih.gov/pubmed/37317246
https://doi.org/10.3390/biomedicines13061393
https://www.ncbi.nlm.nih.gov/pubmed/40564111
https://doi.org/10.3390/children13081005

	Introduction 
	Materials and Methods 
	Study Population 
	Choice of Donors, FMT Preparation and Procedure 
	Donor Eligibility and Exclusion Criteria 
	Stool Screening Panel 
	Blood Screening Panel 
	FMT Preparation 
	Bowel Preparation and FMT Procedure 

	Evaluation of FMT-Related Adverse Events 
	Statistical Analysis 

	Results 
	Patient Characteristics 
	Adverse Events 
	Factors Associated with Adverse Events 

	Discussion 
	Conclusions 
	References

