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Study Protocol for a Randomized Controlled of Fecal Microbiota Transplantation via Different
Routes in Children with Moderate-to-Severe Autism Spectrum Disorder

Abstract
Background: Autism Spectrum Disorder (ASD) is strongly associated with gut microbiota dysbiosis.
Fecal Microbiota Transplantation (FMT), a therapeutic approach to remodel the gut ecosystem,
shows potential for alleviating core ASD symptoms and gastrointestinal comorbidities. However, the
optimal route of administration remains undetermined, and evidence from rigorously designed
randomized controlled trials is lacking.
Methods: This is a single-center, randomized, double-dummy, triple-blind, placebo-controlled,
three-arm parallel-group study. We plan to enroll 75 children (aged 3-16 years) diagnosed with ASD
(moderate-to-severe) and receiving stable behavioral intervention. Participants will be randomized in
a 1:1:1 ratio using block randomization and stratified by age and baseline Childhood Autism Rating
Scale (CARS) score into three groups. Group 1 (FMT-NJT): active FMT via nasojejunal tube + sham
colonoscopy. Group 2 (FMT-C): active FMT via colonoscopy with placement of a transendoscopic
enteral tube (TET) secured at the cecum during the first session, followed by two subsequent
infusions via the indwelling TET + sham nasojejunal intubation. Group 3 (Control): placebo via
nasojejunal tube + placebo via colonoscopy (sham procedures for both routes). The dosage is 5 ml/kg,
with a maximum total volume of 100 ml, administered once every other day for a total of three
sessions. A series of standardized scales will be used to evaluate core ASD symptoms and
gastrointestinal comorbidities, including the Autism Diagnostic Observation Schedule, Childhood
Autism Rating Scale (CARS), Autism Behavior Checklist (ABC), Gastrointestinal Symptom Rating
Scale (GSRS), Short Sensory Profile (SSP), Social Responsiveness Scale (SRS), Psychoeducational
Profile, and Children’s Sleep Habits Questionnaire (CSHQ). All FMT preparations and matched
placebo (inactivated, identical in appearance and smell) will be produced by an independent
pharmacy unit.
Primary and Secondary Outcomes: The primary outcome is the change from baseline to Week 24
in the total score of the CARS. Secondary outcomes include changes in scores on the SRS, ABC,
GSRS, SSP, and CSHQ, changes in gut metagenomic profiles from baseline to Week 48, and the
incidence of adverse events.
Ethics and Dissemination: Ethical approval has been obtained from the Shenzhen Children’s
Hospital Ethics Committee (Approval No.: 202500102). Results will be disseminated via peer-
reviewed publications and conference presentations.
Trial registration: Registered with the name of “Efficacy of Fecal Microbiota Transplantation in
Children with Autism and the Core Microbiota Colonization Patterns: a Randomized Controlled
Study”.
1. Introduction
Autism Spectrum Disorder (ASD) is a complex neurodevelopmental disorder characterized by core

features of persistent social communication deficits, restricted interests, and repetitive patterns of
behavior. It is frequently accompanied by gastrointestinal (GI) symptoms, immune dysfunction, and
metabolic dysregulation [1, 2]. ASD affects approximately 1-2% of children worldwide, with a
significant upward trend, making it a global public health challenge[3, 4].The etiology of ASD is likely
multifactorial, involving interactions between genetic susceptibility and environmental factors[1, 5].
Current primary interventions for ASD predominantly rely on behavioral and educational therapies,
with a notable lack of pharmacological agents that effectively target core symptoms. The efficacy of
intensive behavioral interventions requires further validation[6], while existing medications are
limited by adverse effects[7]. Consequently, there is an urgent need to explore safe and effective
therapeutic strategies.
Recent advances in understanding the microbiome-gut-brain axis (MGBA) have highlighted the



3

role of gut microbiota dysbiosis and its impact on neurodevelopment [8, 9]. The MGBA facilitates
bidirectional communication between the gut and the brain via via neural, immune, endocrine, and
metabolic pathways. Substantial evidence indicates that intestinal dysbiosis is a key susceptibility
factor in ASD[10]. Characteristic dysbiosis in ASD includes reduced microbial diversity, depletion of
beneficial bacteria, and enrichment of potential pathogens[11]. This dysbiosis is thought to drive
immune dysregulation and neuroinflammation, core features of ASD pathophysiology, and alter the
gut metabolome, thereby modulating brain function[12, 13] . The compelling link between gut
microbiota and ASD pathophysiology has spurred interest in microbiota-targeted therapies.
Fecal Microbiota Transplantation (FMT) has emerged as a promising approach to restore intestinal

microbial balance, demonstrating potential efficacy in alleviating both core ASD symptoms and co-
occurring GI disturbances in preliminary studies[14, 15]. Animal models of ASD show that FMT from
healthy donors can reduce anxiety-like and repetitive behaviors, improve social interaction, and
alleviate memory deficits, correlating with positive changes in gut microbiota and brain
biochemistry[16]. Early human studies, including open-label trials and prospective cohorts, have
reported improvements in behavioral scores, GI symptoms, and sleep disturbances following FMT,
alongside shifts in gut microbial ecology[2, 17-19].
Despite promising results, critical gaps remain. Various FMT protocols (e.g., colonoscopic infusion,

oral capsules, nasojejunal tube) have been employed, but a direct comparison of their efficacy and
associated microbial engraftment profiles is lacking. The optimal delivery route for maximizing
clinical outcomes and ensuring beneficial microbiota colonization in children with ASD is not
established. This study aims to address this pivotal question by directly comparing two invasive FMT
delivery routes - nasojejunal tube (NJT) to the jejunum and colonoscopic infusion to the cecum -
against a sham-controlled placebo group in a rigorously designed trial.
2. Methods and analysis
2.1 Trial Design and Registration
Trial Design: This is a single-center, prospective, randomized, double-dummy, triple-blind, placebo-
controlled, three-arm, parallel-group, superiority trial.The study workflow is summarized in Figure 1.
Trial Registration: The study is registered at on ClinicalTrials.gov (Identifier: To be assigned). The
protocol adheres to the principles of the Declaration of Helsinki and has been approved by the
Institutional Review Board of Shenzhen Children's Hospital (Approval No.: 202500102). Written
informed consent will be obtained from all participants' legal guardians.
2.2 Objectives
Primary Objective: To compare the efficacy of FMT delivered via NJT versus colonoscopy, both as
add-on therapies to existing behavioral intervention, against a placebo control, in improving social
interaction and communication (as measured by the change in the total score of the CARS) in
children with moderate-to-severe ASD from baseline to Week 24.
Secondary Objectives:
(1) To assess the effects of both FMT routes on overall social responsiveness (SRS), aberrant
behaviors (ABC), sensory processing (SSP), emotion regulation (ERC), and sleep quality (CSHQ).
(2) To evaluate the improvement of GI symptoms (GSRS) following FMT.
(3) To investigate gut microbiota engraftment dynamics and their correlation with clinical
efficacy using metagenomic sequencing.
(4) To evaluate the safety and tolerability of both FMT routes in children with ASD.
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Figure 1Workflow chart

2.3. Participants
2.3.1 Inclusion Criteria
Participants must meet all of the following criteria:

(1) Aged 3–16 years, any gender.
(2) Meets DSM-5 diagnostic criteria for moderate-to-severe ASD. with a CARS total score ≥36,
confirmed by the ADOS-2.
DSM-5 Diagnostic Criteria for ASD:
1 Onset in early developmental stages.
2 Persistent deficits in social communication and interaction across multiple contexts,
accompanied by restricted, repetitive patterns of behavior, interests, or activities.
3 Symptoms cause clinically significant impairment in social, occupational, or other critical
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functional areas.
4 Symptoms are not better explained by intellectual disability or global developmental delay.
CARS Scoring System:
1 Total score <30: non-autistic.
2 Total score 30–36: mild-to-moderate autism.
3 Total score ≥36: moderate-to-severe autism.

(3) Has been receiving and plans to maintain a stable behavioral intervention regimen (≥3 months
prior to enrollment, with no major changes planned for the next 6 months).
(4) Legal guardians fully comprehend the trial’s informed consent and voluntarily provide written
informed consent.
(5) Compliance with follow-up visits, examinations, and specimen collection.
(6) No use of probiotic/prebiotic/synbiotic supplements within 3 months prior to enrollment.
2.3.2 Exclusion Criteria
Participants will be excluded if any of the following criteria apply:
(1) Antibiotic usage within 1 month prior to enrollment.
(2) Presence of fever (axillary temperature ≥37.5°C).
(3) Dependency on tube feeding.
(4) Diagnosis of severe GI conditions requiring immediate intervention (e.g., life-threatening
intestinal obstruction, perforation, hemorrhage, ulcerative colitis, Crohn’s disease, celiac disease, or
eosinophilic esophagitis).
(5) Diagnosis of severe malnutrition, underweight status (BMI-for-age <3rd percentile).
(6) History of severe allergic reactions or known allergy to FMT preparation components.
(7) Monogenic disorders (e.g., Fragile X syndrome, Rett syndrome).
(8) Comorbid psychiatric diagnoses, including depression, developmental speech/language
disorders, intellectual disability, attention-deficit/hyperactivity disorder (ADHD), selective mutism,
reactive attachment disorder, or childhood schizophrenia.
(9) Presence of severe systemic organic diseases, immunodeficiency disorders, or chronic
infections.
(10) Contraindications to NJT placement or endoscopy.
(11) Unlikely to complete the study follow-up.
2.3.3. Withdrawal Criteria
Participants will be withdrawn from the study if:
(1) The legal guardian or participant withdraws informed consent due to inability or
unwillingness to continue the trial.
(2) The participant fails to complete scheduled follow-up assessments.
(3) Clinical deterioration renders continued participation unsafe or impractical.
(4) Intolerable adverse reactions occur, and the investigator deems the risks of continued
participation to outweigh potential benefits.
Note: Participants may withdraw from the trial at any time without justification. Investigators will

document the reasons for withdrawal (if provided) in the case report form and complete all feasible
assessments. Participants experiencing adverse reactions will receive appropriate medical
management based on their condition.

2.3.4. Elimination Criteria
Participants will be eliminated from the final analysis if:
(1) No data are recorded throughout the trial period.
(2) Serious protocol deviations occur.
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(3) Medications or interventions that could confound trial results are administered during the
study.
2.4. Sample Size and Randomization
(1)Sample Size Calculation:
The sample size for this prospective, randomized, three-arm study was determined based on the

primary outcome of the change in the CARS total score from baseline to 24 weeks post-intervention.
The calculation is primarily informed by data from the open-label study by Kang et al[17]. on FMT for
children with ASD.
In that study, FMT led to a mean improvement in CARS scores. To define a clinically meaningful

difference for this randomized controlled trial, we estimated that the active FMT intervention would
yield a 30% greater improvement compared to the placebo control. Based on a typical baseline
CARS score of 34.5, this translates to a target between-group difference (δ) of 2.5 points to be
detected.
The standard deviation (σ) for the change score is estimated to be 3.5 points, based on the

variability observed in prior studies. For the planned Analysis of Covariance (ANCOVA) which uses
baseline score as a covariate, the correlation between baseline and follow-up measurements (ρ) is
assumed to be 0.5, a conventional estimate for such scales.
Using a one-way ANCOVA model for three groups, with a significance level (α) of 0.05 (two-

sided) and a desired statistical power (1-β) of 80%, the required sample size per group (n) was

calculated using the formula appropriate for ANCOVA: n = 2× Z1-α2+Z1-β
2×σ2× 1−ρ2

δ2
, Where Zα/2 =

1.96 and Zβ = 0.84. This calculation yielded an initial requirement of 21 participants per group.
To account for a potential dropout rate of approximately 15% during the 24-week study period, the

sample size was adjusted:
Adjusted sample size per group = n / (1 - dropout rate) = 21 / (1 - 0.15) ≈ 24.7
Therefore, we plan to enroll 25 participants per group. With three groups, the total target sample

size is 75 participants. This enrollment provides sufficient statistical power to evaluate the primary
outcome while accounting for anticipated attrition.

(2)Randomization:
Eligible participants will be randomized in a 1:1:1 ratio to the three groups using a central

computerized block randomization system (with randomly varying block sizes). Randomization will
be stratified by age group (3-6 years, 7-12 years, 13-16 years) and baseline CARS severity
classification (Moderate, Severe) to ensure balance across groups.
2.5. Study Procedures
2.5.1. Recruitment and Screening of a Healthy Fecal Donor

A single healthy donor will be rigorously screened to ensure safety and consistency. Screening
includes:
a) Comprehensive screening includes periodic questionnaires, medical history review, and physical

examinations to exclude infectious diseases, metabolic syndrome, GI disorders, and neurological
conditions.

b) Serological tests to rule out HIV-1/2, hepatitis A/B/C, and syphilis.
c) Stool tests for bacterial pathogens (C.difficile toxin, Campylobacter, Salmonella, toxigenic E.

coli, Vibrio, Yersinia, Listeria, methicillin-resistant Staphylococcus aureus, vancomycin-
resistant Enterococcus), parasites (Giardia, Cryptosporidium, Cyclospora, Isospora), and viruses
(rotavirus A, adenovirus, norovirus).

d) Assessment of metabolic health via physical exams and serological tests (fasting glucose, lipid
profile, liver function tests, high-sensitivity C-reactive protein).

e) Assessment of autoimmune risks via fluorescent antinuclear antibody test.
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Before each donation, donors complete questionnaires addressing dietary habits, lifestyle, bowel
habits, and medication use. The donor will be re-evaluated before each donation cycle. Qualified
donors undergo regular metagenomic sequencing of fecal samples to monitor microbial composition
and abundance. In our preliminary studies, we have identified three super-donors. Therefore, this
study will primarily use fecal microbiota suspension from a single donor for FMT to ensure
homogeneity of the study. If this donor becomes unable to provide fecal samples due to illness or
other reasons, alternative donors will be considered as replacements.
2.5.2. Recruitment of ASD Children
A total of 75 children aged 3–16 years with moderate-to-severe ASD (CARS score ≥36) will be

recruited. Diagnosis will be confirmed by a qualified clinician using DSM-5 criteria and the CARS.
After obtaining written informed consent from guardians, eligible participants will be followed up
routinely at the psychology department and complete baseline assessments within two weeks prior to
FMT. Subsequently, they were randomly allocated into 3 groups based on the order of their
enrollment, with 25 participants in each group. The 3 groups will be comparable with no significant
differences in age or gender.
2.6 Interventions
The study involves add-on FMT or placebo procedures. To minimize known confounding factors

that can influence the gut microbiome, all participants continue their pre-existing stable behavioral
interventions regimen and avoid introducing major dietary changes throughout the study. A baseline
3-day dietary log will be collected. All concomitant medications and the use of supplements will be
recorded at each study visit. While household environment cannot be controlled, data on significant
dietary patterns and concomitant medications will be collected and considered as potential covariates
in exploratory statistical models.
2.6.1 Donor Fecal Collection
Fresh donor stool is collected and immediately transported in anaerobic bags to the FMT

processing laboratory.
Fresh stool is visually assessed using the Bristol Stool Form Scale (BSFS, type 3–5 are acceptable;

type 1, 2, 6, or 7 result in sample rejection). If transportation compromises visual assessment, donor-
provided Bristol scores are used.
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Table 1 Bristol stool form scale

2.6.2 Donor Fecal Preparation
FMT preparation is conducted in a dedicated laboratory at Shenzhen Children’s Hospital.

1) Active FMT Preparation: Donor stool is homogenized with saline and 10% glycerol. It is then
filtered, aliquoted into and stored at -80°C.
Step 1: Stool is weighed, mixed with 0.9% sterile saline at a 1:3 ratio and homogenized for 5 minutes
under anaerobic conditions. Adjustments are made for samples <100 g.
Step 2: The homogenate is filtered through a membrane-equipped bag using a stomacher (2 minutes)
to remove particulates.
Step 3: Filtrate is transferred to sterile cryovials, and 80% glycerol is added to a final concentration
of 10%.
Step 4: Cryovials are labeled with donor ID and preparation time.
Step 5: Preparations are stored at -80°C (stable for ≤6 months) or -20°C (use within 1–4 weeks). It is
thawed at room temperature (<6 hours) or in a water bath (≤37°C) before use.
Step 6: A "Donor Sample Processing Record" is completed.
Residual Sample Handling: Remaining filtrate is aliquoted into 2 mL/15 mL centrifuge tubes with
10% glycerol and stored at -80°C for quality control and post-treatment analysis. 1 mL aliquots of
saline and glycerol from the same batch are archived in 2.0 mL tubes.
2) Placebo Preparation: Uses the same donor stool batch as the active FMT. It is inactivated via
autoclaving or high-dose gamma irradiation to ensure no microbial viability while matching the
active FMT's appearance, color, viscosity, and odor. Aliquoting and storage procedures are identical.
2.6.4 Pre-FMT Preparation:
Patients initiated a colorless and residual-free semi-liquid diet 3 days prior to FMT and bowel

preparation with oral polyethylene glycol 4,000 powder 1 day prior to FMT. Bowel preparation
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adequacy was confirmed when colorless or light yellow transparent watery stools were discharged.
Omeprazole is administered intravenously before the procedure to suppress gastric acid and
maximize the viability of the transplanted microbiota during nasojejunal passage.

2.6.5 Group Allocation and Procedure (Double-Dummy Design):
Group 1 (FMT-NJT):
Active Procedure: Under endoscopic guidance, a NJT is placed with the tip positioned past the
Ligament of Treitz. Active FMT suspension (5 mL/kg, max 100 mL) is infused slowly.
Sham Procedure: Under anesthesia, a sham colonoscopy is performed. The colonoscope is inserted
to the rectosigmoid junction (approx. 15-20 cm), with sterile saline (approx. 20mL) insufflation to
simulate mucosal inspection. The dwell time matches the real colonoscopy group. No FMT is infused.
Group 2 (FMT-C):
Sham Procedure: A sham nasojejunal intubation is performed. The tube is placed into the stomach
(approx. 55-60 cm) and secured to the face, but not advanced into the duodenum. Placebo preparation
(sterile saline, 5 mL/kg, max 100 mL) is infused.
Active Procedure: Under anesthesia, a full colonoscopy is performed to the terminal ileum. During
this first session, active FMT preparation (5 mL/kg, no more than 100 ml) is infused into the cecum
via the biopsy channel. A transendoscopic enteral tube (TET) is then placed with its tip positioned in
the cecum and securely fixed using endoscopic clips. For the second and third treatment sessions
(Days 2 and 4), the active FMT preparation is infused through this indwelling TET without the need
for repeat colonoscopy or anesthesia.
Group 3 (Control):
Sham Procedure 1: Identical to Group 2's sham nasojejunal intubation, with infusion of placebo.
Sham Procedure 2: Identical to Group 1's sham colonoscopy, with no FMT infusion.
Treatment Schedule: FMT is repeated 3 times over 5 days (once every other day). For Group 2
(FMT-C), the first infusion is performed under colonoscopic guidance with TET placement. The
subsequent two infusions are administered via the indwelling TET.
2.6.6 Blinding (Triple-Blind):
This study is designed to achieve blinding of the participants and their guardians, outcome

assessors, and data analysts to group allocation.
Participants and Guardians: All interventional procedures (both active and sham) are performed

under sedation/anesthesia. The use of a matched placebo, identical in appearance and smell to the
active FMT preparation, minimizes the potential for participants to perceive differences based on the
treatment experience. Participants and their guardians are informed that they are receiving an
"intestinal microbiota modulation therapy" but remain unaware of the specific administration route
and whether they are receiving the active treatment or placebo.
Outcome Assessors: The clinicians and psychologists administering the primary (CARS) and

secondary behavioral outcome scales are fully blinded to group assignment. They are not involved in
the FMT administration process and have no access to procedural notes or reports that might reveal
the assigned intervention.
Data Analysts: Statisticians remain blinded until the final database is locked for the primary

analysis.
Intervention Team: An "Intervention Team" of endoscopists and nurses performs all intubation,

endoscopic, and infusion procedures. As the nature of the procedure itself cannot be concealed from
the operators, this team is aware of the assigned procedural route. However, to minimize bias, the
following measures are implemented:
All substances for infusion (active FMT or placebo) are prepared, aliquoted, and visually

standardized by an independent pharmacy unit according to the randomization code.
The Intervention Team is instructed only to administer the liquid corresponding to a specific code
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and remains blinded to whether it is the active preparation or placebo.
Members of the Intervention Team are strictly prohibited from discussing any procedural details

with participants, guardians, or outcome assessors.
2.6.7 Concomitant Care and Lifestyle
Guardians are instructed to maintain the child's typical diet and avoid initiating major dietary

changes during the study. A 3-day dietary log is collected at baseline. All concomitant medications
and supplements are recorded at each visit.
2.6.8 Study Flow and Assessments
The schedule of assessments is detailed in Table 1 (represented textually below).
Screening/Baseline (Week -4 to Day 0): Informed consent, eligibility screening, medical history,

demographics, physical exam, vital signs, laboratory tests (CBC, chemistry, coagulation, ECG),
collection of all baseline scales (ADOS-2, CARS, SRS, ABC, GSRS, SSP, CSHQ), and baseline
stool sample for metagenomics.
Intervention Period (Week 0): Hospitalization. Administration of FMT/placebo procedures (three

sessions). Daily recording of adverse events (AEs), GI symptoms (GSRS, Daily Stool Record - DSR),
and vital signs.
Follow-up Visits:
Weeks 2, 6, 12: Efficacy and safety assessments, AEs assessments, vital signs, GSRS, DSR, stool

sample metagenomics (CARS at Week 12).
Weeks 24 (Primary Endpoint): Efficacy and safety assessments, AEs assessments, vital signs,

laboratory tests (microbiota dynamics, immune/metabolic panels), GSRS, DSR, stool sample, CARS,
SRS, ABC, SSP, CSHQ, .
Weeks 48 (Long-term): Efficacy and safety assessments, AEs assessments, vital signs, laboratory

tests (microbiota dynamics, immune/metabolic panels), GSRS, DSR, stool sample, CARS, SRS,
ABC, SSP, CSHQ.

Activity/ Assessment Screening Baseline
(Day 0) Intervention* Week 2 Week 6 Week 12 Week 24 Week 48

Informed Consent X
Eligibility Criteria X
Demographics/history X
Physical Exam/Vitals X X X X X X X X
Randomization X
Lab tests* X X X X
FMT/Placebo Procedures X
ADOS-2 X
CARS X X X
SRS-2, ABC, SSP, CSHQ X X X X
GSRS, DSR X X Daily X X X X X
Recipient fecal collection X X X X X X X X
Stool for Metagenomics X X X X X X
AEs X X X X X X
*Intervention: during FMT, D0 - D4
*Lab tests include routine blood, urine, and stool test, liver function (ALT, AST), renal function (BUN, Creatinine),
coagulation profile, and ECG (baseline). Follow-up labs at week 6, 24 and 48 include inflammatory markers
(Complete blood count (CBC), hs-CRP, ESR) and metabolic panels (Fasting glucose, Hb Alc, Fasting lipid profile,
liver function. Renal function). *Long term safety & efficacy including immune, metabolic, and neurodevelopmental
parameters.
ABC, Aberant Behavior Checklist; CARs, Childhood Autism Rating Scale; DSR, Daily Stool Record; FMT, Fecal
Microbiota Transplantation; GSRS, Gastrointestinal symptom Rating Scale; SRS, Social Responsiveness Scale.
2.6.9 Adverse event management plan
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All AEs will be graded for severity according to the Common Terminology Criteria for Adverse
Events (CTCAE) v5.0 (Grades 1-5: Mild, Moderate, Severe, Life-threatening, Death).
Expected AEs:
Procedure-related: Sedation risks, sore throat, epistaxis, abdominal bloating/pain, GI bleeding or

perforation (very rare).
FMT-related: Diarrhea, constipation, bloating, belching, fever, nausea, vomiting. These are

typically self-limiting (Grade 1-2).
Management Protocol:
All AEs will be recorded in detail, including time of onset, severity, duration, relationship to

intervention, and outcome.For Grade 1-2 AEs, management will primarily involve observation and
symptomatic support. Any Grade 3 or higher SAE, or any unexpected serious event potentially
related to FMT (e.g., opportunistic infection, bacteremia), must be reported to the Principal
Investigator and the Ethics Committee within 24 hours. The event will be investigated immediately,
and unblinding may be performed if necessary to guide clinical management.The study will be
temporarily halted for immediate safety review if a serious infectious event unequivocally related to
FMT occurs.
2.7 Outcome Measures
(1) Primary Outcome
CARS Total Score Change: The change from baseline to Week 24 in the total score of the CARS,

administered by blinded, trained assessors.
(2) Secondary Outcomes
1 Behavioral and Symptom Scales: Change from baseline in scores on:
 Social Responsiveness Scale, 2nd Edition (SRS-2)
 Autism Behavior Checklist (ABC)
 Childhood Autism Rating Scale (CARS)
 Short Sensory Profile (SSP)
 Children's Sleep Habits Questionnaire (CSHQ)

2 Gastrointestinal Symptoms: Change from baseline in:
 Gastrointestinal Symptom Rating Scale (GSRS) score.
 Daily Stool Record (DSR) parameters (e.g., % days with abnormal bowel movements).

3 Microbiome Analysis: Changes in gut microbiota composition (alpha/beta diversity, specific
taxon abundances) and functional potential from baseline to follow-up time points (W2, W6, W12,
W24, W48) via shotgun metagenomic sequencing (target depth ≥10 Gbp/sample). Bioinformatic
analysis will include taxonomic profiling (Kraken2/MetaPhlAn), functional profiling (HUMAnN 3.0
against KEGG), and correlation with clinical changes.
4 Safety: Incidence, severity (graded by CTCAE v5.0), and relationship to intervention of all
adverse events (AEs) and serious adverse events (SAEs).

2.8 Safety Monitoring and Adverse Event Management
All AEs will be monitored, recorded, and graded for severity (CTCAE v5.0). Expected AEs

include transient GI symptoms (diarrhea, bloating), procedure-related discomfort (sore throat,
abdominal pain), and sedation risks. Management is primarily supportive. Any Grade ≥3 AE, SAE,
or unexpected event potentially related to FMT must be reported to the PI and Ethics Committee
within 24 hours. The study may be paused for safety review if a serious FMT-related infectious event
occurs.
2.9 Quality Control
Strict quality control is maintained for FMT preparation, including pathogen screening, viability

testing (target ≥5×10^8 viable cells/mL, ≥80% viability), and batch consistency monitoring.
Standardized operating procedures govern all laboratory and clinical processes.
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(1) Routine Stool Examination: Random samples are tested for pathogens and cell counts.
(2) Pathogen Detection: Negative results required for bacterial, parasitic, and viral pathogens;

multidrug-resistant genes (e.g., ESBL, carbapenemase) must be absent.
(3) Viability Standards: ≥80% bacterial viability; ≥5×10^8 viable cells/mL.
(4) Microbial Consistency:
Uniform microbial composition within the same donor and batch.
No statistically significant differences in microbiota between batches from the same donor within

6 months.
(5) Labeling: Each bottle must be independently packaged and labeled.
3. Discussion
This protocol describes a rigorous, triple-blind, randomized controlled trial designed to directly

compare the efficacy and safety of two invasive FMT delivery routes - NJT and colonoscopy - in
children with moderate-to-severe ASD. By employing a double-dummy design with sham procedures,
the study aims to provide high-level evidence while controlling for placebo effects associated with
invasive interventions, a notable challenge in previous FMT research.
The strengths of this study include its randomized, placebo-controlled design, the use of a single

donor to ensure microbial homogeneity, comprehensive and blinded outcome assessments using
CARS, and long-term follow-up to evaluate durability of effects and safety. The integrated
metagenomic analysis will offer mechanistic insights by correlating microbial engraftment patterns
with clinical response, potentially identifying predictors of success for each route.
A key challenge is maintaining blinding for participants undergoing different invasive procedures,

although sedation and the double-dummy design mitigate this. The requirement for multiple sedated
procedures also raises considerations regarding feasibility and participant burden. The sample size,
while large, is justified to detect a clinically meaningful difference between three groups.
If successful, this trial will provide crucial evidence to guide the standardization of FMT protocols

for ASD, informing the selection of the most effective and tolerable administration route. The
findings will significantly advance the field of microbiota-based therapies for neurodevelopmental
disorders and contribute to the development of future treatment guidelines.
A key methodological innovation in this trial is the modified colonoscopic FMT protocol. Instead

of subjecting participants to three separate colonoscopies under anesthesia, this group undergoes a
single colonoscopy for the initial microbiota infusion and the placement of a secured TET. The
subsequent two treatments are delivered via this TET. This approach significantly reduces the
procedural burden, anesthesia exposure, and associated risks for participants in the FMT-C arm,
enhancing the feasibility and ethical profile of the study. Furthermore, it ensures that all infusions are
delivered directly to the same target site (the cecum), which may promote more consistent microbial
engraftment compared to protocols relying on oral capsules that must transit the harsh acidic
environment of the stomach. We will closely monitor for potential complications related to the
indwelling TET, such as discomfort, accidental displacement, or local irritation.
4. Ethics statement
The studies involving humans have been approved by the Medical Ethics Committee of Shenzhen

Children’s Hospital (approval number: 202500102). The studies were conducted in accordance with
the local legislation and institutional requirements. Written informed consent for participation in this
study will be obtained from the legal guardians of the patients.
References
1 Hirota T, King BH. Autism Spectrum Disorder: A Review. Jama 2023; 329(2): 157-168 [PMID:
36625807 DOI: 10.1001/jama.2022.23661]

2 Wu R, Teng X, Guo Y, Cai Y, Lv Y, Gao H, Zhang W, Shen H, Fan J. Gut microbiota
characteristics and therapeutic effects of fecal microbiota transplantation in children with autism
spectrum disorder in central China: a combined cross-sectional and prospective study. Frontiers in



13

pediatrics 2025; 13: 1648471 [PMID: 40963960 PMCID: 12439472 DOI:
10.3389/fped.2025.1648471]

3 Salari N, Rasoulpoor S, Rasoulpoor S, Shohaimi S, Jafarpour S, Abdoli N, Khaledi-Paveh B,
Mohammadi M. The global prevalence of autism spectrum disorder: a comprehensive systematic
review and meta-analysis. Italian journal of pediatrics 2022; 48(1): 112 [PMID: 35804408
PMCID: 9270782 DOI: 10.1186/s13052-022-01310-w]

4 Zeidan J, Fombonne E, Scorah J, Ibrahim A, Durkin MS, Saxena S, Yusuf A, Shih A, Elsabbagh
M. Global prevalence of autism: A systematic review update. Autism research : official journal of
the International Society for Autism Research 2022; 15(5): 778-790 [PMID: 35238171 PMCID:
9310578 DOI: 10.1002/aur.2696]

5 Manoli DS, State MW. Autism Spectrum Disorder Genetics and the Search for Pathological
Mechanisms. The American journal of psychiatry 2021; 178(1): 30-38 [PMID: 33384012 PMCID:
8163016 DOI: 10.1176/appi.ajp.2020.20111608]

6 Kodak T, Bergmann S. Autism Spectrum Disorder: Characteristics, Associated Behaviors, and
Early Intervention. Pediatric clinics of North America 2020; 67(3): 525-535 [PMID: 32443991
DOI: 10.1016/j.pcl.2020.02.007]

7 Koch E, Demontis D. Drug repurposing candidates to treat core symptoms in autism spectrum
disorder. Frontiers in pharmacology 2022; 13: 995439 [PMID: 36172193 PMCID: 9510394 DOI:
10.3389/fphar.2022.995439]

8 You M, Chen N, Yang Y, Cheng L, He H, Cai Y, Liu Y, Liu H, Hong G. The gut microbiota-brain
axis in neurological disorders. MedComm 2024; 5(8): e656 [PMID: 39036341 PMCID: 11260174
DOI: 10.1002/mco2.656]

9 Morton JT, Jin DM, Mills RH, Shao Y, Rahman G, McDonald D, Zhu Q, Balaban M, Jiang Y,
Cantrell K, Gonzalez A, Carmel J, Frankiensztajn LM, Martin-Brevet S, Berding K, Needham BD,
Zurita MF, David M, Averina OV, Kovtun AS, Noto A, Mussap M, Wang M, Frank DN, Li E,
Zhou W, Fanos V, Danilenko VN, Wall DP, Cardenas P, Baldeon ME, Jacquemont S, Koren O,
Elliott E, Xavier RJ, Mazmanian SK, Knight R, Gilbert JA, Donovan SM, Lawley TD, Carpenter
B, Bonneau R, Taroncher-Oldenburg G. Multi-level analysis of the gut-brain axis shows autism
spectrum disorder-associated molecular and microbial profiles. Nature neuroscience 2023; 26(7):
1208-1217 [PMID: 37365313 PMCID: 10322709 Scientific Officer of Microbiotica. S.K.M. is a
co-founder and has equity in Axial Therapeutics. R.J.X. is a co-founder of Celsius Therapeutics
and Jnana Therapeutics, a member of the Scientific Advisory Board at Nestle and a member of the
Board of Directors at Moonlake Immunotherapeutics. R.B. is currently Executive Director of
Prescient Design, a Genentech Accelerator. J.T.M. is the founder of Gutz Analytics and a co-
founder of Integrated Omics AI. G.T.-O. is a Consultant-in-Residence at the Simons Foundation.
The remaining authors declare no competing interests. DOI: 10.1038/s41593-023-01361-0]

10 Ullah H, Arbab S, Tian Y, Liu CQ, Chen Y, Qijie L, Khan MIU, Hassan IU, Li K. The gut
microbiota-brain axis in neurological disorder. Frontiers in neuroscience 2023; 17: 1225875
[PMID: 37600019 PMCID: 10436500 DOI: 10.3389/fnins.2023.1225875]

11 Caputi V, Hill L, Figueiredo M, Popov J, Hartung E, Margolis KG, Baskaran K, Joharapurkar
P, Moshkovich M, Pai N. Functional contribution of the intestinal microbiome in autism spectrum
disorder, attention deficit hyperactivity disorder, and Rett syndrome: a systematic review of
pediatric and adult studies. Frontiers in neuroscience 2024; 18: 1341656 [PMID: 38516317
PMCID: 10954784 DOI: 10.3389/fnins.2024.1341656]

12 Ullah H, Arbab S, Tian Y, Chen Y, Liu CQ, Li Q, Li K. Crosstalk between gut microbiota
and host immune system and its response to traumatic injury. Frontiers in immunology 2024; 15:
1413485 [PMID: 39144142 PMCID: 11321976 DOI: 10.3389/fimmu.2024.1413485]

13 Goncalves CL, Doifode T, Rezende VL, Costa MA, Rhoads JM, Soutullo CA. The many
faces of microbiota-gut-brain axis in autism spectrum disorder. Life sciences 2024; 337: 122357



14

[PMID: 38123016 DOI: 10.1016/j.lfs.2023.122357]
14 Tan Q, Orsso CE, Deehan EC, Kung JY, Tun HM, Wine E, Madsen KL, Zwaigenbaum L,
Haqq AM. Probiotics, prebiotics, synbiotics, and fecal microbiota transplantation in the treatment
of behavioral symptoms of autism spectrum disorder: A systematic review. Autism research :
official journal of the International Society for Autism Research 2021; 14(9): 1820-1836 [PMID:
34173726 DOI: 10.1002/aur.2560]

15 Li Y, Wang Y, Zhang T. Fecal Microbiota Transplantation in Autism Spectrum Disorder.
Neuropsychiatric disease and treatment 2022; 18: 2905-2915 [PMID: 36544550 PMCID: 9762410
DOI: 10.2147/NDT.S382571]

16 Chen K, Fu Y, Wang Y, Liao L, Xu H, Zhang A, Zhang J, Fan L, Ren J, Fang B. Therapeutic
Effects of the In Vitro Cultured Human Gut Microbiota as Transplants on Altering Gut Microbiota
and Improving Symptoms Associated with Autism Spectrum Disorder. Microbial ecology 2020;
80(2): 475-486 [PMID: 32100127 DOI: 10.1007/s00248-020-01494-w]

17 Kang DW, Adams JB, Gregory AC, Borody T, Chittick L, Fasano A, Khoruts A, Geis E,
Maldonado J, McDonough-Means S, Pollard EL, Roux S, Sadowsky MJ, Lipson KS, Sullivan MB,
Caporaso JG, Krajmalnik-Brown R. Microbiota Transfer Therapy alters gut ecosystem and
improves gastrointestinal and autism symptoms: an open-label study. Microbiome 2017; 5(1): 10
[PMID: 28122648 PMCID: 5264285 DOI: 10.1186/s40168-016-0225-7]

18 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. Neuropsychiatric disease and treatment 2024;
20: 2391-2400 [PMID: 39677507 PMCID: 11646457 DOI: 10.2147/NDT.S488001]

19 Li Y, Xiao P, Cao R, Le J, Xu Q, Xiao F, Ye L, Wang X, Wang Y, Zhang T. Effects and
microbiota changes following oral lyophilized fecal microbiota transplantation in children with
autism spectrum disorder. Frontiers in pediatrics 2024; 12: 1369823 [PMID: 38783921 PMCID:
11112010 DOI: 10.3389/fped.2024.1369823]



15

Data Management and Statistical Analysis
1 Data Management
Data will be collected using electronic case report forms (eCRFs) in a secure, compliant electronic

data capture (EDC) system. Double data entry or equivalent quality control procedures will be
employed. The database will be locked before the blinding code is broken for analysis.
2 Analysis Sets:
Full Analysis Set (FAS): Will include all randomized participants, analyzed according to the

intention-to-treat (ITT) principle.
Per-Protocol Set (PPS): Will include all participants who complete the intervention and the primary
endpoint assessment without major protocol deviations.
Safety Set (SS): Will include all participants who receive at least one intervention procedure.
3 Statistical Methods:
Primary Endpoint Analysis: Analysis of Covariance (ANCOVA) will be used to compare the

change in CARS scores at Week 24 across the three groups, with baseline scores as a covariate. If the
overall ANCOVA test is significant, pairwise comparisons (e.g., FMT-NJT vs. Control, FMT-C vs.
Control) will be conducted with adjustment for multiple comparisons (e.g., Bonferroni correction).
Secondary Endpoints Analysis: Continuous variables will be analyzed using ANCOVA or mixed-

effects models for repeated measures. Categorical variables will be analyzed using Chi-square or
Fisher's exact tests.
Microbiome Data:Differential abundance analysis (e.g., LEfSe, DESeq2) and correlation analyses

(Spearman's rank) will be used to link microbial features with clinical outcomes.
Safety Analysis: Statistical analyses will be performed using SPSS (version 26.0). A two-sided p-

value <0.05 will be considered statistically significant for primary analysis.


