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Purpose: This research aimed to explore the clinical efficacy of fecal microbiota transplantation (FMT) in treating children with
autism spectrum disorder (ASD).

Methods: In this single-arm prospective study, every participant received FMT therapy, followed by an 8-week follow-up. Children
unable to swallow lyophilized capsules (Caps) received fecal solution through transendoscopic enteral tube (TET) or nasal jejunal tube
(NJT) approaches. All participants underwent assessments of ASD core symptoms, gastrointestinal (GI) symptoms and sleep status
initially, after treatment and during follow-up. The study outcomes included the changes in scores of the Autism Behavior Checklist
(ABC), Childhood Autism Rating Scale (CARS), Social Responsiveness Scale (SRS), Gastrointestinal Symptoms Rating Scale
(GSRS) and Sleep Disturbance Scale for Children (SDSC), as well as the adverse events (AEs).

Results: 98 participants were involved, consisting of 80 males and 18 females, with a median age of 7 years. 73 children received the
FMT in the form of Caps, while 13 patients underwent the procedure through TET and 12 patients via NJT. Improvements were
observed in all outcome measures for Caps and NJT groups at both the post-treatment and 8-week follow-up evaluations. Adjusted
between-group analyses at post-treatment and follow-up showed that Caps and NJT group had greater reduction in ABC, CARS and
SRS scores compared with TET group, while NJT group had greater reduction in SDSC scores compared with Caps and TET group.
The incidence of AEs was 8.2% in the Caps group, 23.1% in the TET group, and 8.3% in the NJT group, with no serious AEs reported.
Conclusion: FMT treatment can improve the core symptoms, GI symptoms and sleep disturbances in children with ASD. The upper
GI tract routes, including Caps and NJT, may be more effective and safe compared to the lower GI tract route of TET.
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Introduction

Autism spectrum disorder (ASD) is a condition related to neurodevelopment that impacts roughly 1% of children
globally.! The manifestations of ASD include challenges with social communication, repetitive actions, intensely focused
interests, and it is typically diagnosed before the age of three.” The challenges associated with ASD often continue into
adulthood, resulting in difficulties with social integration, limited job opportunities, a higher prevalence of mental health
problems, and low participation rates in the workforce among parents or caregivers.” The burden of ASD worldwide is on
the rise, posing a significant mental health challenge.”

Therapy of ASD aims to enhance an individual’s functioning and quality of life.” There is strong evidence to support
that using behavioral interventions in early childhood and throughout the lifespan can effectively enhance social
communication interactions and reduce problem behaviors. Nonetheless, behavioral interventions typically take
a long time, and some parents hold opposing views on the use of any punishment-based procedures.” At present, there
is no medication proven to be effective for the core symptoms of ASD.* Medication interventions are used to alleviate
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concurrent behavioral and emotional regulation challenges in patients with ASD, such as aripiprazole and risperidone.
However, these medications can cause side effects, with the most common being changes in appetite, weight, and sleep.g
Therefore, the current treatment of ASD requires further exploration of alternative or adjunct therapies.

Recent studies have suggested that the microbiota-gut-brain axis plays a crucial role in ASD and is being viewed as
a potential target for therapeutic interventions.'® Research on the therapeutic effects of fecal microbiota transplantation
(FMT) in individuals with ASD is limited, with insufficient evidence to demonstrate the effectiveness of FMT interven-
tions and therapy options for children with ASD. Therefore, we analyzed clinical research data by applying a larger
sample size and compared the differences in efficacy among various FMT treatment approaches on core symptoms
(primary aim) as well as gastrointestinal (GI) symptoms and sleep disturbance (secondary aims) in ASD children.
Exploratory objectives included analyzing the number of adverse events.

Methods

Study Design and Participants

Children with ASD who received treatment at the Gastroenterology, Hepatology, and Nutrition department of Shanghai
Children’s Hospital from January 2022 to January 2024 were included if they met specific criteria: they needed to be
under 18 years of age; they must fulfill the diagnostic requirements for ASD as outlined in the DSM-5 and other
commonly used diagnostic tools; their legal guardian had to fully comprehend and sign the informed consent form,
permitting the collection of clinical data by the researchers; and they should be capable of ongoing participation in the
study and attending follow-up appointments. Patients were excluded from the study if they had any of the following:
a confirmed diagnosis of Reye’s syndrome or other psychiatric disorders; a documented history of brain injury, cerebral
palsy, encephalitis, or other organic brain conditions; use of probiotics, antibiotics, proton pump inhibitors, or any other
medications that influence gut microbiota within the last three months; the presence of serious gastrointestinal diseases or
organic intestinal issues, such as congenital megacolon, intestinal obstruction, or intussusception; or if they demonstrated
poor adherence to study protocols.

Throughout the study, each child underwent FMT, followed by an observation phase lasting 8 weeks after the
treatment concluded. All patients underwent assessments of core symptoms, GI symptoms, and sleep status at baseline
(prior to FMT treatment), after treatment concluded and during the monitoring period. Any adverse events occurring after
the initial transplantation were documented. The study was reviewed and approved by the Ethics Review Committee of
Shanghai Children’s Hospital, School of medicine, Shanghai Jiao Tong University. The guardians of the participants
provided written consent before the children were admitted to the study.

Recruitment and Screening of Donors

The study recruited three eligible donors after the screening process. The criteria for eligibility as stool donors included:
being between the ages of 15 and 30; being generally healthy; having a body mass index (BMI) ranging from 18.5 to
23.9 kg/m?; and having consistent fecal excretions once or twice a day, particularly classified as type 4 on the Bristol
stool scale. Exclusion criteria encompassed: a prior diagnosis of GI or chronic systemic diseases, cancer, or having
undergone radiotherapy or chemotherapy; any ongoing medical conditions; use of antibiotics, probiotics, prebiotics,
proton pump inhibitors, immunosuppressants, or blood products in the last 3 months; positive serum tests for hepatitis A,
B, or C, HIV, syphilis, Epstein-Barr virus, or cytomegalovirus; positive stool tests for pathogens; and the presence of

multidrug-resistant genes, such as extended-spectrum beta-lactamases and carbapenemases.'!

Preparation of FMT Solution

Fresh stool samples from donors were obtained using a single-use container. The 100g of stool samples were diluted with
500mL of saline solution to achieve a homogeneous mixture. This process was completed within 6 hours using an
automated microfiltration device (GenFMTer, Jiangsu Province, China). The fecal suspension was subsequently pro-
cessed through the equipment according to the established schedule.'? After completing the microfiltration process, the
suspension was transferred into 50 mL tubes and centrifuged at 1500g for 3 minutes. The resulting supernatant was
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discarded, and the sediment was reconstituted in normal saline to create the FMT solution. This fecal solution was then
placed into a sterile bottle for administration to the patient within two hours, or it could be frozen at —80°C for further
usage.

Preparation of Lyophilized FMT Capsules

The fecal solution was combined with lyophilized protective agent, and the mixture was then processed into a powder
using a low-temperature freeze dryer. The final freeze-dried powder was placed into size 00 hypromellose capsules
(Anhui Huangshan Capsule, Anhui Province, China) using a double-encapsulation process. The lyophilized capsules
were stored at —80°C, and then kept at a temperature of —20°C for about two hours prior to being orally administered to
the patient.

FMT Procedure

According to our findings on FMT therapy for pediatric conditions, the dosage for each FMT course was determined by
the weight of the donor stool sample and the body weight of the children with ASD. The ratio used was 1 gram of donor
stool per 1 kilogram of the recipient’s body weight. Furthermore, by analyzing the changes observed in patients both
prior to and following FMT procedure, we determined that the duration of the microbial colonization is approximately 4
weeks.'* 1> Consequently, we opted to conduct three treatment courses to promote the establishment of the gut
microbiota.

For the capsule group, the participants took a course of capsules before meals for 3 consecutive days. This course of
capsules was repeated every 4 weeks, resulting in a total of 3 courses over a 12-week period. Meanwhile, patients who
could not tolerate the capsule approach received fecal solution through the transendoscopic enteral tube or nasal jejunal
tube. As the placement of the tube required general anesthesia and gastroenteroscopy, in order to reduce the risk and
intolerance of multiple anesthesia procedures for the patients, the tube was left in place for 3 days. During this period, the
patients received one course of fecal solution infusion over 5 minutes daily, resulting in a total of 3 courses over a 4-week
period.

Evaluations and Data Collection

To assess symptoms associated with ASD, the following scales were employed: the Childhood Autism Rating Scale
(CARS), the Autism Behavior Checklist (ABC) and the Social Responsiveness Scale (SRS). To assess the GI symptoms
of each participant, parents were requested to fill out the Gastrointestinal Symptoms Rating Scale (GSRS), while the
Sleep Disturbance Scale for Children (SDSC) was employed to evaluate sleep-related issues. The CARS, ABC, SRS,
GSRS, and SDSC were administered to participants at three distinct time points: at baseline, after treatment, and at the
conclusion of the follow-up period.

Statistical Analysis

Statistical analysis was conducted using descriptive methods and SPSS 29.0 software. Continuous variables were
reported as medians along with interquartile ranges (IQR). Normality tests were carried out to determine the appropriate
statistical tests to use. Additionally, the Kruskal-Wallis H-test was applied for comparing measurement data, while
categorical data comparisons were performed using the chi-square test. A p-value of less than 0.05 was considered
statistically significant.

Results

Patient Characteristics

98 participants were involved in the study, consisting of 18 females and 80 males. Among these children, 35 were
diagnosed with severe autism, and 79 presented with comorbid GI symptoms including abdominal pain, reflux,
indigestion, diarrhea and constipation. According to the acceptability of FMT, 73 patients (74.5%) received the FMT
in the form of oral capsules, while 13 patients (13.3%) underwent the procedure through a transendoscopic enteral tube,
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Table | Characteristics of Children with ASD

Item N=98
Gender; male, n (%) 80 (81.6)
Age, years (median [IQR]) 7.0 (5.0-9.0)
BMI, kg/m? (median [IQR]) 16.3 (14.7-18.9)
Autism severity, n (%)
Mild and moderate 63 (64.3)
Severe 35 (35.7)
GI symptoms, n (%)
No 19 (19.4)
Abdominal pain 18 (18.4)
Reflux 6 (6.1)
Indigestion 62 (63.3)
Diarrhea 29 (29.6)
Constipation 55 (56.1)
Unbalanced diet, n (%) 58 (59.2)
Allergy, n (%) 43 (43.9)
Fecal calprotectin (ug/g) (median [IQR]) | 32.5 (31.045.2)
FMT pathway, n (%)
Capsules 73 (74.5)
Transendoscopic enteral tube 13 (13.3)
Nasal jejunal tube 12 (12.2)

Abbreviations: IQR, interquartile range; BMI, body mass index.

and 12 patients (12.2%) received the transplant via a nasal jejunal tube (Table 1). The median age of the 73 children with
ASD in the capsule group was 7 years, while the median ages were 4 years for the transendoscopic enteral tube group and
4.5 years for the nasal jejunal tube group, respectively. In addition, the condition of unbalanced diet behaviors, food
allergies and fecal calprotectin levels were also assessed.

Primary Outcome Measures

Improvements were observed in all primary outcome measures for capsule (Caps) and nasal jejunal tube (NJT) groups at
both the post-treatment and 8-week follow-up evaluations (Figure 1). For the Caps group, the scores on the ABC, CARS,
and SRS had the following changes: the median (IQR) decreased from 68.0 (57.5-90.5), 33.0 (31.0-39.5), and 161.0
(146.0-170.0) at baseline to 57.0 (46.0-76.0), 30.0 (27.0-36.0), and 149.0 (132.0-160.0) at follow-up, respectively
(Table 2). Similarly, for the NJT group, the scores on the three scales had the following changes: the median (IQR)
decreased from 76.0 (58.0-87.3), 34.0 (31.0-39.6), and 165.0 (158.5-175.3) at baseline to 56.0 (45.0-84.0), 30.0
(30.0-35.0), and 155.0 (138.0-169.0) at follow-up, respectively. For the transendoscopic enteral tube (TET) group, the
scores on the ABC and CARS did not show a significant decline after the FMT treatment. By the follow-up period, the
median (IQR) ABC score had decreased from 68.0 (61.0-77.5) at baseline to 65.0 (50.3—81.8). The median (IQR) SRS
score had decreased from 162.0 (144.0-172.5) at baseline to 150.0 (140.0-169.0) after the FMT treatment, but then
rebounded during the follow-up period. Adjusted between-group analyses at post-treatment and follow-up showed that
Caps and NJT group had greater reduction in ABC, CARS and SRS scores compared with TET group.

Secondary Outcome Measures

All treatment groups demonstrated some degree of improvement across all secondary outcome measures, both at the
post-treatment evaluation as well as the 8-week follow-up assessment (Table 3). For the changes in GSRS scores across
the three groups, the median (IQR) decreased from a baseline range of 20.0 (15.0-33.5) to 22.0 (18.0-32.5), down to
19.0 (15.0-22.0) to 19.5 (15.0-23.8) during the follow-up period. The Caps and NJT groups both showed decreases in
their median (IQR) SDSC scores from baseline 45.0 (39.0-52.0) and 47.0 (32.0-57.8), to follow-up 40.0 (35.0-47.0) and
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Figure | The changes in ASD core symptoms after FMT. ASD core symptoms were assessed through ABC, CARS and SRS scales at three different time points: baseline,
post-FMT and follow-up period. (A) Capsules group. (B) Transendoscopic enteral tube group. (C) Nasal jejunal tube group. The Wilcoxon test was used to determine the
significance. ns, no significance, *P < 0.05, **P < 0.01, ****P < 0.0001.

40.0 (32.0-51.3), respectively. Adjusted between-group analyses at post-treatment and follow-up showed that NJT group
had greater reduction in SDSC scores compared with Caps and TET group.

Adverse Events of FMT

Adverse events (AEs) associated with FMT were categorized into short-term (within 48 hours post-FMT) and long-term
(up to 3 months).'® Meanwhile, various AEs were monitored for the different FMT administration routes, including
capsules, transendoscopic enteral tube and nasal jejunal tube (Table 4). All short-term AEs were mild, with patients
becoming symptom-free within 48 hours, and during the follow-up period, a total of 10 (10.2%) minor AEs occurred that
did not require any intervention or medication. The main AEs included 5 cases of vomiting, with 3 (4.1%) occurring in
the Caps group, and the other 2 cases in the TET group (7.7%) and NJT group (8.3%), respectively. Additionally, there
were 2 cases of abdominal pain, one each in the Caps group and the TET group. The Caps group also had 2 cases of
nausea and fever, while the TET group had 1 case of headache. The treatment and follow-up period did not yield any
reports of serious AEs.

Discussion
In this research, 98 children diagnosed with ASD were involved. Earlier studies indicated that FMT could alleviate core
symptoms of ASD in small sample sizes and limited treatment methods,'’ 2 and the impact of different FMT
administration routes on the efficacy has not been confirmed. This study followed up 98 ASD children to explore the
therapeutic efficacy of different FMT administration routes on ASD. The study endpoints included the changes in ASD
core symptoms (ABC, CARS and SRS scores), GI symptoms (GSRS scores), sleep disorders (SDSC scores), as well as
the adverse events of FMT.

Research regarding the medicinal efficacy of FMT for individuals with ASD is still quite limited. In a prior open-label
trial, 18 children with ASD who experienced moderate to severe GI issues underwent a two-week course of antibiotics
and bowel preparation, followed by FMT. Participants were randomly assigned to receive FMT either rectally or orally,
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Table 2 Analyses of Primary Outcome Measures

Time Caps No. Median (IQR) TET No. Median (IQR) NJT No. Median (IQR) P value Adjusted Differences, Mean (P value)
TET vs Caps | NJT vs Caps | NJT vs TET
ABC
Baseline 73 68.0 (57.5-90.5) 13 68.0 (61.0-77.5) 12 76.0 (58.0-87.3) NA NA NA NA
Post-FMT 70 60.0 (47.0-80.0) 12 69.0 (51.8-81.0) 11 57.0 (43.0-84.0) 0.58 8.6 (0.92) 0.2 (1.00) —8.8 (1.00)
Follow-up 67 57.0 (46.0-76.0) 12 65.0 (50.3-81.8) I 56.0 (45.0-84.0) 0.51 9.3 (0.76) 0.7 (1.00) —10.0 (1.00)
CARS
Baseline 73 33.0 (31.0-39.5) 13 32.0 (31.0-38.0) 12 34.0 (31.0-39.6) NA NA NA NA
Post-FMT 70 30.0 (27.0-36.0) 12 33.5 (27.8-38.5) I 30.0 (30.0-39.0) 0.63 7.9 (1.00) 2.9 (1.00) —5.0 (1.00)
Follow-up 67 30.0 (27.0-36.0) 12 32.5 (27.8-38.5) I 30.0 (30.0-35.0) 0.47 9.9 (1.00) 3.2 (0.67) —6.7 (1.00)
SRS
Baseline 73 161.0 (146.0-170.0) 13 162.0 (144.0-172.5) 12 165.0 (158.5-175.3) NA NA NA NA
Post-FMT 70 151.5 (134.0-162.0) I 150.0 (140.0-169.0) I 155.0 (138.0-169.0) 0.74 5.5 (1.00) 4.6 (1.00) —0.9 (1.00)
Follow-up 67 149.0 (132.0-160.0) 12 154.0 (137.5-167.8) I 155.0 (138.0-169.0) 0.60 6.6 (1.00) 6.1 (1.00) —0.5 (1.00)

Abbreviations: Caps, capsules; TET, transendoscopic enteral tube; NJT, nasal jejunal tube; IQR, interquartile range; NA, not applicable.
Significance was determined by using Kruskal-Wallis H-test.
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Table 3 Analyses of Secondary Outcome Measures

Time Caps No. Median (IQR) TET No. Median (IQR) NJT No. Median (IQR) P value Adjusted Differences, Mean (P value)
TET vs Caps | NJT vs Caps | NJT vs TET
GSRS
Baseline 59 22.0 (17.0-27.0) 12 22.0 (18.0-32.5) 8 20.0 (15.0-33.5) NA NA NA NA
Post-FMT 56 18.0 (15.0-21.0) I 19.0 (17.0-23.8) 7 19.0 (15.0-23.0) 0.21 7.4 (0.87) 13.2 (0.37) 5.8 (1.00)
Follow-up 54 19.0 (15.0-22.0) I 19.5 (15.0-23.8) 8 19.0 (15.0-23.0) 091 0.3 (1.00) 3.5 (1.00) 3.2 (1.00)
SDSC
Baseline 73 45.0 (39.0-52.0) 13 47.0 (43.5-53.0) 12 47.0 (32.0-57.8) NA NA NA NA
Post-FMT 70 41.0 (34.048.0) I 45.0 (44.0-51.0) I 38.0 (32.044.0) 0.09 15.9 (0.17) —7.1 (1.00) —23.0 (0.11)
Follow-up 67 40.0 (35.047.0) 12 44.5 (43.0-48.0) 10 40.0 (32.0-51.3) 0.33 11.8 (0.43) —0.6 (1.00) —12.4 (0.79)

Abbreviations: Caps, capsules; TET, transendoscopic enteral tube; NJT, nasal jejunal tube; IQR, interquartile range; NA, not applicable.
Significance was determined by using Kruskal-Wallis H-test.
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Table 4 Adverse Events of FMT

Item No. (%)
Capsules | Transendoscopic Enteral Tube | Nasal Jejunal Tube | P value
Total No. 6 (8.2) 3(23.0) I (83) 0.27
Short-term AEs
Abdominal pain I (1.4) 1 (7.7) 0 0.45
Abdominal bloating 0 0 0 NA
Nausea I (1.4) 0 0 1.00
Vomiting 3410 1 (7.7) I (83) 1.00
Diarrhea 0 0 0 NA
Gl bleeding 0 0 0 NA
Fever I (1.4) 0 0 1.00
Headache 0 1 (7.7) 0 0.26
Allergic reactions 0 0 0 NA
Long-term AEs 0 0 0 NA

Note: Significance was determined by using chi-square test or Fisher’s exact probability method.
Abbreviations: No., number; AEs, adverse events; NA, not applicable.

beginning with a higher initial dose, which was then maintained at a lower level for 8 weeks. They also took Prilosec
during the treatment period. Follow-up evaluations conducted 8 weeks post-treatment revealed that 89% of the
participants experienced improvements in GI symptoms as measured by GSRS scores, while CARS scores decreased
by 24% throughout the treatment duration.'” Another study involved 40 children with ASD who exhibited GI symptoms,
alongside 16 typically developing peers. The ASD participants underwent four weeks of FMT treatment, followed by an
eight-week observation period. Among the ASD group, 27 received the FMT through oral freeze-dried capsules, while 13
were treated via colonoscopy. Prior to the FMT, all participants underwent bowel preparation. The findings indicated that
both oral and colonoscopic methods effectively alleviated GI symptoms and improved core ASD symptoms, with no
significant differences observed between the two administration methods.'® Additionally, another study showed that 49
ASD children who underwent at least two rounds of washed microbiota transplantation via the transendoscopic enteral
tube method experienced effective improvement in their autism symptoms, sleep disturbances, stool consistency, and
constipation.'®?! We have also conducted a pilot study on the usage of lyophilized capsules for the FMT therapy of 38
ASD children.*

Currently, FMT can be delivered through various administration routes, including oral fecal capsules, nasointestinal
infusion, or endoscopic procedures.?” In this research, we compared three different routes for administering FMT on
ASD: oral capsules, nasal jejunal tube and transendoscopic enteral tube. The findings indicated that the TET method
appeared to offer the least benefits. The group using capsules had a notably higher number of participants compared to
those in the TET and NJT groups. This disparity is likely due to the capsule method being more straightforward,
convenient, and leading to better adherence from patients. However, there were no significant differences in the AEs
reported among the three different administration methods.

The majority of adverse reactions to FMT treatment are GI symptoms, which typically resolve within 2-3 days.?
During the course of this study, a total of 10 (10.2%) AEs occurred, the most common being vomiting and abdominal
pain. Compared to the capsule and NJT methods, the TET approach had the highest proportion of side effects. All
adverse reactions were self-resolving, and no severe AEs observed during the monitoring period. In 2019, the FDA
issued a warning about two donors who were inadequately screened, leading to serious infections after FMT, which
unfortunately resulted in the death of one patient.”* However, our team has administered FMT for various pediatric
conditions since 2013 without any incidents of serious adverse reactions.

The limitations of this study include its open-label design, the absence of a placebo group, and potential biases in
recruitment, which should be taken into account when interpreting the findings. Due to medical ethics, we were unable to
use a placebo group for the ASD children. The number of children receiving oral lyophilized powder capsule treatment

2398

Dove!

Neuropsychiatric Disease and Treatment 2024:20


https://www.dovepress.com
https://www.dovepress.com

Dove Li et al

was significantly higher than the other two administration routes, which may introduce potential bias in the data. Some
patients who underwent TET had used polyethylene glycol bowel preparation prior to the treatment, which inevitably led
to mild GI discomfort, but it was relieved within 24 hours.

Conclusion

This prospective single-arm study assessed the impact of FMT on treating ASD using a larger participant sample and
compared the effectiveness of different FMT approaches. The findings indicated that FMT is both an effective and safe
treatment option for children with ASD. Specifically, the upper gastrointestinal tract routes, including capsules and nasal
jejunal tubes, may be more effective and safe compared to the lower gastrointestinal tract route of transendoscopic enteral
tube.

Data Sharing Statement

The datasets produced or analyzed during the study can be requested from the corresponding author upon a reasonable
inquiry.
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Committee at the Shanghai Children’s Hospital, Shanghai Jiao Tong University (Approval number: 2021R117-F02). The
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Helsinki Declaration.
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