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ABSTRACT

Introduction Autism spectrum disorder (ASD) is

a complicated diffuse developmental disorder that
commonly involves gastrointestinal distress and
dysbacteriosis. Emerging lines of evidence have shown
faecal microbiota transplantation (FMT) to be a potential
therapeutic strategy for improving the clinical outcomes

of patients with ASD by re-establishing their intestinal
microflora. We are undertaking the first-ever multicentre,
double-blind, randomised controlled trial of FMT for the
treatment of children with both ASD and gastrointestinal
symptoms and will assess the feasibility and efficacy
outcomes of this strategy.

Methods In total, 318 children with both ASD and
gastrointestinal symptoms will be enrolled (from 15
hospitals in China) to receive either FMT intervention
(n=212) or a placebo (control, n=106). Children aged
3-6 years will take two capsules two times a day, and
those older than 6 years will take three capsules two
times a day. Each patient will receive four treatment
courses, with each 12-day course being repeated

every month. Qutcomes will be evaluated at baseline,
throughout the period of intervention, and at subsequent
follow-ups for 2 months. The primary trial objective

is to investigate the remodelling effect of FMT on the
intestinal microflora in patients with ASD. The secondary
objective focuses on the clinical efficacy and safety of
FMT, including its improvement of the clinical response
and metabonomics.

Ethics and dissemination Ethical approval was obtained
from the hospital Ethics Committee of each Faecal Transfer
for ASD China Multicenter Trial Working Group. The ongoing
FMT clinical trial is intended to support the approval of the
new technology and its administration. The results of this
trial will provide high-quality evidence to inform the future
clinical application of this new therapy.

Trial registration number ChiCTR2100043906; Pre-
results.

Strengths and limitations of this study

» This multicentre, double-blind, randomised con-
trolled trial will be the first-ever study to provide the
strongest evidence of the feasibility and efficacy of
faecal microbiota transplantation (FMT) for treating
children with autism spectrum disorder (ASD).

» The trial will verify the correlation between ASD core
symptoms and the microbiota and metabonomics,
which may further explain the role of the brain—gut
axis in this disorder.

» The intervention period is 6 months and will involve
the equivalent of approximately 24-36g of human
stool in total, making it one of the longest studies
with the largest usage of FMT.

» Although selective digestive tract decontamination
through combination antibiotics and FMT may have
further effects on the gut microbiota, antibiotics will
not be used before FMT in this study, given that they
may have a long-term impact on the children.

INTRODUCTION

Autism spectrum disorder (ASD), a compli-
cated diffuse developmental disorder of the
central nervous system, responds poorly to treat-
ment.' * Most children with ASD have gastroin-
testinal (GI) problems, such as constipation,
diarrhoea and indigestion.” * Autism and GI
symptoms may be related to intestinal microbes
via the brain-gut axis.” The gut microbiota of
children with ASD is significantly different
from that of healthy children, with the Firmic-
utes and Proteobacteria being increased and the
Bacteroidetes reduced in individuals with the
disorder.® Particularly, the main species of the
Firmicutes that is increased is Clostridium histolyt-
icum, which releases neurotoxins through the
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vagus nerve into the central nervous system, thereby inhib-
iting the release of neurotransmitters and resulting in ASD
behaviour.” Treatment with Clostridium-targeting oral vanco-
mycin ameliorates GI symptoms in some children with ASD
and to improve their communication and social skills.® *
However, the difficulty in eliminating the bacterial spores
completely can lead to recurrence after treatment discon-
tinuation.'” Additionally, the metabolites of some gut micro-
biota have also been thought to be possible causes of ASD;"!
for example, the excessive production of short-chain fatty
acids, p-methylphenol, and ammonia.'* ™ Propionic acid, a
type of short-chain fatty acid produced mainly by Clostridium
and Bacteroides, was shown to limit behavioural interest and
impair social behaviour and cognitive functions in rats,
suggesting its association with ASD."*

Therefore, modulation of the gut microbiota and micro-
biome may play a therapeutic role in ASD, as was demon-
strated through the improvement of symptoms following
dietary and probiotic interventions.” ' However, the
effects of food, probiotics and prebiotics are limited when
faced with the huge amount of microorganisms in the gut.
Faecal microbiota transplantation (FMT) is a treatment
method that involves the transplantation of a whole healthy
gut microbiota into the gut of patients to reconstruct their
intestinal microflora and cure associated diseases.'”” When
faeces collected from a patient with ASD were transplanted
into sterile mice, the offspring of the mice developed symp-
toms of ASD.” In a long-term open-ended study on the
safety, tolerability and efficacy of this strategy for ASD treat-
ment,19 16 of 18 children with ASD who had received FMT
for 8 weeks showed significant improvement of their autism
and GI symptoms, as determined using the Gastrointestinal
Symptom Rating Scale (GSRS), Childhood Autism Rating
Scale (CARS), Parent Global Impressions—III question-
naire and Vineland Adaptive Behavior Scale.”” The effects
lasted at least 8 weeks after the treatment, and the CARS
score improved by 50% after 2 years." In an early explor-
atory study conducted by our centre, the efficacy of FMT in
the treatment of ASD was approximately 64.6%," with core
symptoms such as social communication disorder and GI
symptoms being apparently improved and changes in the
composition of the intestinal microflora evident. Because
standard FMT procedures were lacking and the sample
size was limited in previous studies, the efficacy and safety
of this treatment method have not been verified with strong
evidence, which can only be gathered through well-designed
randomised controlled trials (RCTs). Therefore, we have
initiated a phase II study targeted at a paediatric population,
with a well-calculated sample size and randomised controls.
The systematic preparation of the faecal microbiota and
the procedure used in this trial for its transfer will provide a
reference for standard FMT, which is essential for its further
development and clinical application.

Significance

The treatment of patients with ASD through FMT may
interfere with and improve the GI and core symptoms of
the disorder. Our centre is the first in China to initiate

a multicentre, double-blind, randomised, placebo-
controlled study on FMT in children with ASD. To the
best of our knowledge, no multicentre RCT or a trial with
a large sample size has been conducted on FMT in ASD.
Moreover, there are no reports of studies exploring the
pathophysiological mechanisms of ASD from the point of
view of the microbiota and their metabolites, GI symp-
toms, and autism symptoms in children.

Objectives
The objectives of this study are to evaluate the efficacy and
safety of oral administrations of faecal microbiota-filled
capsules (cFM) in children with both ASD and GI symp-
toms. This trial will test the hypothesis that four courses
of cFMs from standardised faecal donors will result in
improved therapeutic effects.

Primary objective: to evaluate the effect of repeated
FMT on the remodelling of the gut microecology in chil-
dren with GI symptoms.

Secondary objectives:

1. To study the efficacy of FMT in treating core symptoms
and emotional symptoms in children with ASD.

2. To study the efficacy of FMT in treating GI symptoms
in children with ASD.

3. To study the efficacy of FMT in treating other comor-
bidities in children with ASD, such as allergy, dermati-
tis, asthma and the metabolic syndrome.

4. To study the safety of FMT in children with ASD.

The exploratory objective is to study the dynamic
changes in the intestinal microflora and host metabolism
following FMT treatment to identify the mechanisms and
microbes related to ASD. A further aim is to study the
impacts of FMT on the intestinal permeability, immune
response and nervous system in ASD.

METHODS AND ANALYSIS

Study design

The Fecal Transfer for ASD China Multicenter Trial
(FTACMT) study will be a multicentre, double-blind,
randomised, placebo-controlled trial. The study will
recruit 318 children with both ASD and GI symptoms
from 15 hospitals in China. Patient enrolment began in
May 2021.

In accordance with the protocol, the study participants
will be seen on-site for all scheduled visits (figure 1). The
study will use a parallel-arm approach composed of an
FMT intervention group (n=212) and a placebo group
(n=106) at a 2:1 ratio. The FMT group will receive cFMs
prepared through a standard procedure, whereas the
control group will receive placebo capsules containing
microcrystalline cellulose (MCC). The placebo capsules
are similar to the cFMs in appearance, smell and weight.
Previous reports and our own research have indicated
that MCC is not harmful to children with ASD.'® Four
cFMs have an equivalent of approximately 1.0 g of human
stool. The number of live bacteria is more than 5.O><109/g,
composing more than 70% of each capsule. The study
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Screening(V1: D-14~D-1)
Informed consent signed
Inclusion & exclusion criteria Met

Baseline data collection(V2: D0)
Scales assessment: ABC, CARS, BSFS, GSRS, SASC
Samples collection: blood, urine, saliva, stool

Randomized(n=318)
(V2: DO)

Allocated to FMT(n=212)

Intervention(V3~V6: D1~D120)
2 FMT capsules BID x 12d x 4m (Age for 3~6y)
3 FMT capsules BID x 12d x 4m (Age for > 6y)
Scales assessment: ABC, CARS, BSFS, GSRS, SASC
Samples collection: blood, urine, saliva, stool

Allocated to placebo(n=106)

Intervention(V3~V6: D1~D120)

2 Placebo capsules BID x 12d x 4m (Age for 3~6y)
3 FMT capsules BID x 12d x 4m (Age for > 6y)
Scales assessment: ABC, CARS, BSFS, GSRS, SASC
Samples collection: blood, urine, saliva, stool

Followup(V7~V8: D121~D180)
Scales assessment: ABC, CARS, BSFS, GSRS, SASC
Samples collection: blood, urine, saliva, stool

Figure 1

Protocol flow chart of the study. ABC, Autism Behavior Checklist; BSFC, Bristol Stool Form Scale; CARS, Childhood

Autism Rating Scale; FMT, faecal microbiota transplantation; GSRS, Gastrointestinal Symptom Rating Scale; SASC, Social

Anxiety Scale for Children.

duration will be 6 months per patient, composed of 4
months of treatment and 2 months of follow-up.

Inclusion/exclusion criteria

The inclusion criteria for study participation are as

follows:

1. Age 3-13 years, male or female.

2. Meeting the ASD diagnostic criteria of the Diagnostic
and Statistical Manual of Mental Disorders-5 of the
American Psychiatric Association.

3. A recurrence of diarrhoea, constipation, abdominal
distension, and/or food allergy/intolerance for at
least 6 months and these same symptoms occurring
within the last 3 months.

4. An informed consent form signed by the study partici-
pant or their guardian and agreement of cooperation
with the researcher (who will collect clinical data and
blood, saliva, urine and faecal samples) throughout
the whole process of the clinical trial.

5. An ability to swallow two or three cFMs unaided, de-
pending on the age group.

The exclusion criteria are as follows:

1. Diagnosis of Rett syndrome.

2. Previous history of brain injury, cerebral palsy, enceph-
alitis or other organic brain diseases.

3. Diagnosis of other mental diseases.

4. Diagnosis of organic GI diseases, such as congenital
megacolon, intestinal obstruction, intussusception
and inflammatory bowel disease.

5. Severe obesity or malnutrition.

6. Use of probiotics, antibiotics and other drugs affecting
the intestinal microflora in a planned way within the
last 3 months or in the following 6 months.

7. Recipient of FMT treatment in the past 12 months.

8. An inability to swallow two or three cFMs, depending
on the age group.

Sample size estimation

The proposed sample size for the present study is 318.
According to a previous study conducted at our centre, the
mean Shannon index for the alpha diversity of intestinal
microflora in children with ASD is approximately 2.923, with
an SD of 0.674. After receiving cFMs, the mean Shannon
index increased by 0.298, with an SD of 0.705. The supe-
riority of the means of the two groups will be tested using
Power Analysis and Sample Size software, with an ¢ value of
0.025 (one-sided), power-of-test value of 0.9, difference value
of 0.3, SD of 0.7 and dividing value of 0. When calculated
at 2:1, the effective sample size should not be less than 260.
Given the high natural attrition rate of children with ASD,
the dropout rate of study participants is assumed to be 20%.
Thus, we finally set the sample size to 318, including 212 for
the FMT group and 106 for the control group.
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Randomisation

All patients who meet the eligibility criteria will be enrolled.
Patients will be allocated in a 2:1 ratio to the FMT inter-
vention and control groups, respectively, via computer-

Intervention
The FMT group will receive oral administrations of cFMs
two times a day. The 3-6years old children will ingest two

3

in appearance, smell and weight. The placebo doses and
courses will be the same as those of the cFMs (figure 1).

Follow-up

Screening will be conducted at the first visit (V1), following
which baseline data will be collected (V2). The interven-
tion will be carried out according to the plan for 4 months,
during which monthly visits will be conducted (V3-V6).
Follow-up will be conducted for 2 months, during which
the participants will be visited once a month (V7 and V8).
The last visit (V8) will be conducted at the end of the sixth
month, when the trial ends. In accordance with the require-
ments of the study protocol, the participants should not

during the trial period (table 1).

Fecal microbiota donor screening criteria
General information and laboratory tests:

Examinations Screening Baseline Intervention

Follow-up

Informed consent *

Clinical assessment

CARS * * * * * * *

GSRS * * * * * * *

Other symptoms * * * * * * *

Stool samples * * * * * *

Blood samples * * * * * *

Safety assessment

Vital signs * * * * * * *

Concomitant * * * * * * *
medications

Biochemistry * * * * * * *

Infectious markers * * * * * * *

Capsules distribution * * * *

ABC, Autism Behavior Checklist; BSFC, Bristol Stool Form Scale; CARS, Childhood Autism Rating Scale; GSRS, Gastrointestinal Symptom Rating Scale; SASC, Social Anxiety Scale
for Children.

E-
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1. Age 18-30 years; men or women; body mass index of
18.5-22.9kg/m”.

2. Haematological tests: normal routine blood test re-
sults, liver and kidney function, and electrolyte and C
reactive protein levels; negative for infectious hepati-
tis, HIV, syphilis, Epstein-Barr virus, cytomegalovirus,
nematodes, amoebas and other pathogens.

3. Faecal test: normal routine stool test results; negative
occult-blood test results; negative for Clostridium difficile,
Campylobacter, Salmonella, Shigella, toxigenic Escherichia
coli, parasitic ova, vesicles, and spores, norovirus, and
rotavirus; and negative for pathogens with multidrug
resistance genes (including extended-spectrum beta-
lactamase-producing bacteria, carbapenem-resistant
Enterobacteriaceae among others).

Medical history:

1. Previous history: no GI symptoms in the last 2 weeks;
no use of antibiotics, acid inhibitors, immune suppres-
sors, or chemotherapeutic drugs for nearly 3 months;
no chronic pain symptoms; no history of digestive sur-
gery; no history of infections or exposure to infectious
diseases; no history of allergic disease, autoimmune
disease, metabolic disease, cardiovascular disease, and
nervous system or mental disease; no history of malig-
nancy; and no injections of growth hormones, insulin,
or clotting factors.

2. Personal history: having a regular schedule, healthy
diet and domestic peace; no promiscuity; no smoking,
drinking or drug addictions; no vaccinations or drug
tests in the past 6 months; no tattoos or skin damage
in the past 6 months; no contact with tropical areas in
the past 6 months.

3. Family history: no family history of GI diseases, malig-
nant tumours or infectious diseases.

4. Others: not pregnant or menstruating.

Capsule quality control standards

The preparation of the cFMs meets the Chinese expert
consensus on the standardised methodology and clinical
application of FMT.*?* The donated stools are processed
into lyophilised powder using a lyophiliser and then filled
into capsules. For each donor sample, capsules will be
randomly sampled after their formulation to test for the
presence of pathogenic organisms, infectious sources and
multidrug-resistant bacteria, which should all be nega-
tive. The number of live bacteria in each capsule should
not be less than 2.5><108/ g, and the 16S rDNA bacterial
sequencing results should be consistent in the same batch
samples. Capsules will be refrigerated and transported at
-20°C.

Patient and public involvement

The study design was informed by two follow-up studies
on the perceptions that patients and parents had about
FMT. One of the follow-up studies has been published,*
and the other is under preparation.

STATISTICAL PROGRAM

Outcome measures

The primary outcome measure will be the increase in the

Shannon index for the alpha diversity of intestinal micro-

flora in children with ASD, from the baseline (V1) to the

end (V8) of the study.

The secondary outcome measures constitute specific
biological aims from the baseline (V1) to the end (V8)
of the study.

1. Comparison of autism symptoms between the treat-
ed and control patients (assessed using the Autism
Behavior Checklist (ABC) and CARS).

2. Comparison of GI symptoms between the treated and
control patients (assessed using the Bristol Stool Form
Scale (BSFS) and GSRS).

3. Comparison of emotional symptoms between the treat-
ed and control patients (assessed using the Social Anx-
iety Scale for Children (SASC)).

4. Determination of the safety and tolerability of FMT in
children with ASD through routine blood, urine and
stool tests; liver and kidney function tests; serum an-
tibody detection; stool pathogenic bacteria detection;
and the presence of abdominal pain, distension, con-
stipation, diarrhoea, allergies, asthma and other symp-
toms.

5. Determination of changes in other comorbidities
(eg, allergy, asthma, dermatitis and the metabolic syn-
drome) and in other symptoms.

6. Analysis of faecal, urine, saliva and blood samples to
evaluate and compare the metabolic profiles between
the two groups.

7. Analysis of changes in intestinal permeability indexes
(including plasma lipopolysaccharide (LPS) and LPS-
binding protein).

8. Analysis of neuroinflammatory biomarkers (including
serum levels of interleukin (IL)-1b, IL-6, IL-8, 1L-12,
IL-13, IL-17, interferon-gamma and tumour necrosis
factor-alpha).

Adverse events and safety

According to the International Conference on Harmon-
isation of Technical Requirements for Registration of
Pharmaceuticals for Human Use, adverse events (AEs)
refer to all adverse medical events that occur after the
study participant receives the investigational drug,
including signs, symptoms and laboratory abnormalities,
all of which should be recorded. However, such events
do not necessarily have a causal relationship with the
experimental drugs. Severe AEs (SAEs) refer to any of the
following AEs: death, life-threatening symptoms resulting
in hospitalisation or prolonging hospitalisation, congen-
ital abnormalities/malformation, and permanent/major
disabilities.

Many studies have suggested that FMT is a safe therapy,
and few associated SAEs have been reported. The inci-
dence of AEs after FMT remains at approximately 1%,
with the most common event being abdominal discomfort.
Other common AEs associated with FMT are diarrhoea,
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transient allergy, transient fever, nausea and vomiting,

most of which are mild to moderate adverse reactions

and self-limited. Thus, we will conduct the following to
account for AEs:

1. An adverse
established.

2. Strict inclusion and exclusion criteria will be imple-
mented, and the risk of complications before FMT will
be assessed.

3. Mild symptoms, such as dizziness, nausea and abdomi-
nal discomfort, can be observed clinically.

4. Moderate symptoms will be treated according to the
usual clinical practice guidelines; for example, oral
antidiarrhoeal agents for diarrhoea, oral non-steroidal
antipyretics for fever, spasmolysis for abdominal pain
and metoclopramide for nausea and vomiting.

5. In the event of severe symptoms, FMT will be suspend-
ed or terminated and the patient must receive appro-
priate treatments, such as oral antidiarrheal agents,
fluid replacement therapy and the maintenance of
homeostasis when diarrhoea occurs more than five
times. Moreover, for patients whose body temperature
exceeds 39°C, tests should be performed to exclude
intestinal infection.

6. When intestinal infection is suspected, FMT treatment
must be immediately terminated, testing for pathogens
in the faeces of both the donor and recipient should
be performed, blood culture tests should be conduct-
ed, and anti-infective and fluid replacement therapies
should be administered.

In the event of symptoms that could be considered

SAEs occur, the investigators are responsible for reporting

those to the appropriate ethics committee.

reaction reporting system will be

Data recording and monitoring

Case report forms will be prepared for data recording. A
certified contract research organisation (CRO) is respon-
sible for monitoring the study. The CRO is in contact with
the principal investigators and will visit each centre to discuss
and collect data. The CRO has organised meetings before
the start of the study to discuss the protocol and obligations
of the investigators and will monitor every centre from the
beginning to the end. All observations and findings in the
clinical trial will be verified to ensure the reliability of the
data and that the conclusions of the trial are derived from
the original data. There are corresponding data manage-
ment measures in the clinical trial and data processing
stage. All records will be made available, including original
medical documents, protocol copies, patient identification
codes, source data, informed consent forms, case report
forms and other documents related to the study. Medical
records and medical record forms are regarded as original
records and generally cannot be altered. Should any correc-
tions be needed, the original record will remain unaltered.
Corrections should only be an additional statement with
reasons given and must be signed and dated by the physician
participating in the clinical trial. No study document can be

destroyed. All original documents and copies of the study
will be stored for inspection.

Statistical analysis

Data will be statistically analysed by professional statisticians.
All statistical tests will be conducted as a two-sided test,
with a p value of less than 0.05 considered to be statistically
significant. For clinical outcome measures, we will compare
changes in the ABC, CARS, BSFS, GSRS and SASC total
scores and those in the ABC and CARS subscores, from base-
line to each time point, in the treatment and control groups.
A logistic regression model will be used to compare clinical
endpoints in each group. The mean values for different
biomarkers will be assessed. Mean differences between the
treatment groups are to be calculated using the ttest or
Wilcoxon-Mann-Whitney test. One-way repeated-measures
analysis of variance will be used to assess the average change
over time for the same variables mentioned above. Different
prognostic factors will be tested between the two treat
ment groups. Microbiome analysis will be performed using
specific software and different models, each with different
microbiomes or biomarkers as dependent variables. Records
of any AEs will be kept until the end of the study, and a safety
analysis will be performed accordingly for each study partic-
ipant receiving at least one course of cFM. The Cox propor-
tional risk model will be used to adjust for any possible
irregularities.

ETHICS AND DISSEMINATION

All researchers involved in this study will follow the Regu-
lations of Ethical Reviews of Biomedical Research Involving
Human Subjects (2016), the Declaration of Helsinki, as
amended by the 64th WMA General Assembly (2013), and
the International Ethical Guide for Human Biomedical
Research (CIOMS, 2002). Under the guidance of the Good
Practice for Quality Management of Drug Clinical Trials, the
study shall be conducted according to the requirements of
the protocol approved by the ethics committee to ensure
the scientific nature of the study and protect the health and
rights of the study participants.

The trial has been registered with the Chinese Clinical
Trial Registry (ChiCTR; https://www.chictr.org.cn) under
the reference number ChiCTR2100043906. After being
provided written and oral information, all study participants
and guardians will sign an approved informed consent form
that explains the rationale, procedure, duration and possible
risks and benefits of the study. Participants or their guardians
will be informed that participation in the study is voluntary
and that refusal or withdrawal from the study at any time will
not result in any penalty or loss of benefit. Additionally, the
phone number of the FTACMT leader will be provided in
the informed consent form to facilitate a point of contact
for participants or guardians needing to obtain indepen-
dent information. Data privacy and confidentiality will be
addressed according to the constitution of the People’s
Republic of China. The lead ethics committee will be respon-
sible for addressing all ethical issues during the study. The
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CRO and FTACMT will be responsible for addressing secu-
rity and validity issues. The handling of all clinical data on
the patients will be supervised by the funding committee of
the Clinical Research Plan of SHDC. This study involves the
collection of clinical data and blood, faeces, saliva and other
samples from the participants. It does not involve trading,
export, exit and other activities as well as highly pathogenic
microorganisms. The study will be conducted in accordance
with the relevant provisions of the Interim Measures for the
Management of Human Genetic Resources. The results will
be published on the ChiCTR website and in international
peerreviewed journals.

DISCUSSION

Studies have shown that the gut microbiota has a potential
therapeutic effect on ASD."'*'¥ Moreover, prebiotics, probi-
otics and FMT can improve GI and autism symptoms.'® ' 1
Unlike probiotics, which typically contain only a few bacterial
strains, FMT involves the intake of more than 1000 strains
of the gut microbiota, covering a full spectrum of microbial
species.” It is also more effective than prebiotics and probi-
otics in regulating the nervous system, endocrine system and
behavioural performance.”* However, most studies on FMT
in ASD involved animal experiments.'*'**® Considering that
most of the patients are children, the impairment from ASD
should be controlled and safety is of utmost importance. In
earlier studies, the oral intake of human faecal suspensions
was considered disgusting and highly unpleasant by patients
and might even cause other problems in those taking acid
inhibitors.?” % Thus, the best formulation for children would
be oral colon-release capsules, which are made of acid-
resistant hydroxypropyl cellulose.”

In recent studies, FMT was demonstrated to be safe and
achieved promising clinical results," * with almost half
of the children demonstrating continuously improved
behaviour for 2 years after the treatment.' In another study
on the long-term efficacy and complications of FMT treat-
ment, 64% of the 3932 participants showed improvement of
their ASD symptoms, with 59% of them retaining the posi-
tive effects for 4 years, and the treatment efficacy was found
to increase with a higher number of admitted courses.”'

However, in previous studies, placebo controls were
lacking and the sample sizes were limited. The present study
will be the firstever multicentre, double-blind RCT of FMT
for the treatment children with both ASD and GI symp-
toms. Donors of the faecal microbiota are managed through
standardised procedures and are anonymous and non-
household.* Every child will receive a total of four courses
of cFMs produced from homogeneous donors. To ensure
the safety of FMT and clarify its effect, the administration
of antibiotics will be forbidden. Although vancomycin could
improve the communication and social skills of patients with
regressive-onset autism, antibiotics may have side effects on
children.” Moreover, the spores of certain bacilli are difficult
to destroy, and the abuse of antibiotics may result in patho-
gens acquiring resistance to the drugs.'” Such risks need to
be minimised. Additionally, gut microbiota dysbiosis involves

large amounts and different types of bacteria, viruses and
other microorganisms.29 If one type of bacteria is reduced,
other microorganisms will increase. Based on the clinical
results, we hypothesise that the metabonomics of the micro-
biota play an equally important role in treatment. Although
many blood, salivary, urinary and faecal metabolites (eg,
5-hydroxytryptamine, exorphin, sulfate, propionic acid, and
S-adenosylmethionine) have been reported as being associ-
ated with ASD, no representative biomarker of the disorder
has been identified to date.!? 1330 % Therefore, amino acid
metabolism, sulphur metabolism, fatty acid metabolism,
redox balance, nutrients, allergy and autoimmunity will all
be tested to search for biomarkers of ASD and to clarify the
involvement of the brain—gut axis.

In conclusion, we have initiated an innovative and high-
quality study to clarify the feasibility and safety of FMT for
the treatment of children with both ASD and GI symptoms.
Since 2012, our intestinal microecology treatment centre
has treated more than 4000 patients with various diseases.”
We have accumulated extensive experience and established
a Chinese consensus on the selection and establishment of
FMT delivery routes for use in clinical practice as well as an
expert consensus on the establishment of a standardised
methodology for the clinical application for FMT.*
Furthermore, this study will provide preliminary evidence
on potential biomarkers of ASD. We believe that this study
is gathering increasing interest from the international scien-
tific community.
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