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ABSTRACT 

Autism spectrum disorder (ASD), due to its rising prevalence, poses a global public 

health issue. It is a neurodevelopmental disorder marked by difficulties in social 

communication, language, and repetitive behaviors. These disorders may be 

associated with irritability, sleep problems, withdrawal, stereotypical behaviors, or 

sudden changes in behavior. Therefore, this review focuses on symptoms and 

practical therapeutic approaches related to the oral and gut microbiome. The 

microbiota-gut-brain axis plays an important role not only in regulating digestion 

but also in brain development and function. Disruptions in this axis may contribute 

to the development or persistence of symptoms associated with ASD. The gut 

microbiota is essential for maintaining homeostasis, and dysbiosis can negatively 

affect key physiological processes. Studies have shown differences in the 

composition of the gut and oral microbiomes between individuals with ASD and 

neurotypical control subjects. Diet can further modulate the gut microbiome and 

influence selected outcomes. 
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1. INTRODUCTION  

Autism spectrum disorder (ASD) is a chronic, multifaceted neurodevelopmental 

disorder, first manifesting in newborns and young children defined by enduring 

deficits in social communication and social reciprocity, alongside the presence of 

restricted, repetitive patterns of behavior, interests or activities, in children, 

characteristic features include absent response to name, unusual sensory response, 

limited or no use of communicative gestures and a lack of imaginative play (Anwar 

et al., 2020, Billeci et al., 2023; Hirota & King, 2023; Taha et al., 2025). It is important 

to consider comorbidities in studies of the microbiota in children with ASD. 

Approximately 70% of children with ASD have at least one additional diagnosis, 
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and 41% exhibit two or more. This indicates the high health burden of this group and the difficulties that comorbidities pose both in 

everyday clinical practice and research efforts (Lefter et al., 2019).  

Gastrointestinal (GI) disorders are highly prevalent in children with ASD, with reported rates ranging widely from 9% to 91% 

substantially higher than in neurotypical children and nearly half of children with ASD experiencing at least one chronic GI symptom, 

such as food allergies, malabsorption and feeding maladjustment and most commonly constipation, diarrhea and abdominal pain 

(Wasilewska et al., 2009; Horvath et al., 1999; Holingue et al., 2018; Adams et al., 2011). Because comorbit symptoms impair daily 

functioning such as nutrition, sleep, pain, oral hygiene and burden on caregivers, it should be taken seriously. 

 

 

Figure 1. PRISMA flow diagram 

 

2. REVIEW METHODS 

A literature review was conducted using the PubMed database, covering English-language publications from 1999 to 2025. The review 

focused on studies concerning autism spectrum disorder, gastrointestinal symptoms, the oral and gut microbiome, the microbiota-gut-

brain axis, diet, probiotics, prebiotics, fecal microbiota transplantation, microbiota transfer therapy, and washed microbiota 

transplantation. Our review included original research articles, clinical studies, systematic reviews, and meta-analyses. Exclusion 

criteria: lack of full text, publications in languages other than English, and studies not related to ASD or the microbiome, and studies 
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focused only on adult populations. During the selection, we made based on titles, abstracts, and full texts. We grouped the results by 

the main topic: gut microbiota, oral microbiota, microbiota-gut-brain axis, GI symptoms, dietary interventions, and microbiota-

modulating therapies. The article screening process followed the PRISMA guidelines (Figure 1). 

  

3. RESULTS AND DISCUSSION 

Microbiota-Gut-Brain Axis 

The microbiota-gut-brain (MGB) axis represents bidirectional communication between the central nervous system and the 

gastrointestinal microbiota, providing a key pathway through which changes in the gut microbiota can influence brain function  and 

development (Cryan and O'Mahony, 2011). This communication occurs primarily through the vagus nerve and the enteric nervous 

system, which regulate the functions for appetite and modulation of cognitive processes, emotions, anxiety, and stress responses 

(Mayer et al., 2006; Collins et al., 2012). GI symptoms (especially constipation) often coexist with an increased stress response, poorer 

cognitive function, and speech disorders in children with ASD (Hicks et al., 2018). Furthermore, the incidence of constipation appears 

to be the severity of the child's social and language difficulties (Jašarević et al., 2015). Despite a growing body of evidence suggesting 

that MGB axis abnormalities may play a role in the development and/or maintenance of, the current evidence remains mainly 

associative (Johnson et al., 2020). 

 

Gastrointestinal Symptoms, Diet, and Gut Microbiota 

Gut bacteria serve many functions, among others supporting digestion, metabolism, immune function, and neuroendocrine regulation. 

These gut microorganisms interact closely with host cells, and any dysbiosis can adversely affect key physiological processes  and may 

contribute to the development of numerous health disorders (Anwar et al., 2020). Recent studies have shown that individuals with ASD 

have a gut microbiota composition that differs from that of individuals with typical development (Johnson et al., 2020). Research has 

shown that individuals with ASD exhibit an increased Bacteroidetes-to-Firmicutes ratio compared to neurotypical controls, although 

no specific microbiome signature has been identified for autism; however, consistently reported findings include reduced microbial 

diversity, and lower abundance of Bifidobacterium, which may be related to the typical low dietary diversity, rather than with autism 

(Palmer et al., 2025; Navarro et al., 2016; Finegold et al., 2010). Research shows that children with ASD who have chronic GI symptoms 

have a different gut microbiota compared to the control group (Wang et al., 2023). Similarly, dietarydisorders seem to influence 

constipation and overall digestive health through alteration of specific gut taxa, including Turicibacter, Coprococcus 1, and  

Eggerthellaceae (Li et al., 2023). Ultimately, all studies confirm that gastrointestinal symptoms are much more common in children with 

ASD than in their neurotypical peers. The most reported symptom was constipation, followed by diarrhea; abdominal pain, altered 

stool pattern, flatulence, reflux, food refusal, and selective eating were also described.  

Irritability, withdrawal, sleep problems, or repetitive behaviors may be a sign that patient is experiencing pain or discomfort. Food 

selectivity is also an important problem. A restricted diet, repetitive behaviors, and sensitivity to stimuli can cause a child to consume 

too little fiber and fluids, increasing the risk of constipation. Children with ASD often have difficulty eating, which may make them 

more vulnerable to deficiencies in important nutrients. For this reason, it is worth regularly monitoring the levels of iron, calcium, 

iodine, magnesium, selenium, vitamin D, vitamin E, vitamin B12 and biotin (Gray, 2025; Li et al., 2023).   

 

Oral Microbiota and Oral Health 

Oral cavity microbiota play an important role in maintaining oral health (Patel et al., 2022). Many children with ASD experience 

sensory hypersensitivity, picky eating, speech difficulties, and oral hygiene problems; given that the mouth is the starting point of the 

digestive tract, the oral microbiome plays an important role in ASD. An analysis of oral microbiome activity successfully differentiated 

children with ASD from their typically developing children. They were also able to distinguish children with ASD who had GI 

disturbance from those without, with AUC = 0.857 (Hicks et al., 2018). Another study found no significant differences in overall alpha- 

and beta-diversity of the microbiome (Evenepoel et al., 2024). Some bacteria, including Solobacterium, Stomatobaculum, 

Ruminococcaceae UCG.014, Tannerella, and Campylobacter, were more common in children with ASD with repetitive behaviors, and 

anxiety, and difficulties in social interaction (Evenepoel et al., 2024). Additionally, children with ASD often have poor oral hygiene, 

tooth decay, limited access to dental care, and therefore co-occurring oral dysbiosis (Patel et al., 2022).  
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Diet and Microbiota-Targeted Nutritional Approaches 

Diet plays an important role in modulating the gut microbiota (Santocchi et al. 2020). Given that a large proportion of children with 

ASD have restrictive and avoidant eating habits, this may lead to reduced intake of prebiotics naturally present in foods, thereby 

reducing the availability of fermentable substrates that support microbial diversity (Navarro et al., 2016). In ASD, dietary interventions 

are primarily studied in the context of GI symptoms, food selectivity, inflammation, and potential modulation of the gut microbiota. 

After 3 months of a diet without processed foods and preservatives, children with ASD experienced improved daily functioning, a 

reduction in some autism symptoms, and a marked reduction in GI symptoms (El Raghy et al., 2025). 

 

Probiotics, Prebiotics, and Symbiotic 

The International Society for Probiotics and Prebiotics defines prebiotics as substrates that are selectively utilized by host 

microorganisms to confer a health benefit (Navarro et al., 2016). Prebiotics support the growth of gut bacteria, primarily La ctobacilli 

and Bifidobacteria (Patel et al., 2022; Navarro et al., 2016). Probiotics are live microorganisms that provide a health benefit to the host 

by modulating gut microbial composition and function (Johnson et al., 2020). The topic of probiotic use in individuals with ASD results 

from the frequent coexistence of disturbances the gut microbiota along with GI and behavioral symptoms.  Still, the results of the 

studies are not consistent; however, most of the research is based on Lactobacillus and Bifidobacterium. The study showed that 

probiotics significantly reduce GI symptoms (Borbélyová et al., 2025). In a 3-month study, children taking probiotics had reduced 

autism symptoms and fewer problems with constipation and diarrhea (Narula Khanna et al., 2025). In Santocchi et al., (2020) s tudy, 

probiotic administration did not improve autism-related symptoms. Nevertheless, exploratory analyses suggested greater 

improvement in social affect on the ADOS-CSS and total ADOS-CSS scores in children without GI symptoms, as well as selected GI and 

sensory benefits in children with GI symptoms. Some probiotics, such as Lactobacillus plantarum PS128, have a positive effect on 

certain behaviors, but there is not yet sufficient evidence to recommend routine use of probiotics in the treatment of ASD (Liu et al., 

2019; Mazzone et al., 2024). Currently, prebiotics, probiotics, and synbiotics should be considered as additional support that may help 

reduce GI and behavioral symptoms in children with ASD (Patel et al., 2022; Patusco & Ziegler, 2018; Taha et al., 2025). 

 

Fecal Microbiota Transfer and Washed Microbiota Transplantation 

Fecal microbiome transplantation (FMT) and washed microbiota transplantation (WMT) are experimental approaches aimed at 

modifying the gut microbiome ecosystem to a greater extent than probiotics or prebiotics. Research suggests that they can improve 

both GI symptoms and behavioral symptoms. Studies of FMT in children with ASD have shown improved social skills (Wan et al., 

2024). Similarly, WMT therapy may reduce autism symptoms after several treatment cycles (Zheng et al., 2025). Additionally, it was 

noted that children without constipation improved more quickly, while children with constipation needed more cycles of therapy to 

achieve similar effects (Pan et al., 2025). Despite promising results, FMT and WMT are still experimental methods and require  further 

research (Taha et al., 2025; Mallick et al., 2025). 

 

Prevention and Health Education 

The goal of microbiome research in ASD is to create practical strategies for patient care. Any microbiome interventions should only 

serve as supportive care because, for now, the most important thing is to monitor gastrointestinal problems, which are often hidden 

signs of pain or discomfort. Additionally, in children with ASD who have difficulty communicating, GI symptoms may include 

irritability and sleep disorders, withdrawal, stereotypical behavior, or sudden behavior change (Gray, 2025; Patusco and Ziegler, 2018; 

Olsen and Hicks, 2020).  Doctors need to educate caregivers that children with limited food variety and low fiber intake are at high risk 

of nutritional deficiencies. Dental care aimed at early detection of dental caries is equally important. 

The summarized studies presented in Table 1 suggest that findings regarding the microbiota in ASD are clinically significant but 

inconsistent. Most of the available scientific evidence points to the need for close monitoring and treatment of gastrointestinal 

symptoms, nutrition, and oral health. At the same time, microbiota-targeted therapies should be used only as adjunctive treatments for 

autism. Although the relationship between the gut microbiome and ASD is extensive, the potential role of microbial factors in  ASD, 

whether from an etiological perspective or in relation to the various comorbidities affecting this population, is undeniable. Due to the 

complex nature of ASD, current research to elucidate the precise mechanisms associated with this disorder remains largely insufficient, 

and current findings are primarily associative rather than causal. Increasing attention is being paid to the influence of geographic 

location and diet on ASD and its associated microbiota.  
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Current clinical studies focusing on the microbiome are limited by insufficient sample sizes and the lack of large population-based 

studies, which reflects the inherent complexity and heterogeneity of ASD. Therefore, to validate the data, a greater number of studies 

on larger cohorts from different regions, using standardized criteria (e.g., age, sex, comorbidities), are necessary. Future studies should 

more carefully control for age, sex, diet, antibiotics, gastrointestinal symptoms, oral hygiene, comorbidities, and baseline microbial 

composition.  

 

Table 1. Summary of studies included in the review. 

Study Design / focus Main findings Interpretation for this review 

Adams et al., 2011; Holingue 

et al., 2018; Wasilewska et al., 

2009; Horvath et al., 1999 

Clinical and review 

evidence on GI symptoms 

in ASD. 

GI complaints, especially constipation, 

diarrhea, abdominal pain, food 

selectivity, malabsorption, and feeding 

difficulties, were reported more 

frequently in children with ASD than 

in neurotypical children. 

GI symptoms should be 

actively screened because 

discomfort may appear as 

irritability, sleep problems, 

withdrawal, or behavioral 

change. 

Wang et al., 2023 

Children with ASD and 

chronic GI symptoms; gut 

microbiota profiling. 

Children with ASD and chronic GI 

symptoms differed from healthy 

controls in microbial richness and 

community structure, including 

observed species, Chao1 and ACE 

indices, and beta-diversity. 

Supports an association 

between chronic GI symptoms 

and gut microbial alterations, 

but causality remains 

uncertain. 

Hicks et al., 2018 
Oral microbiome activity 

in children with ASD. 

Taxonomic indicators distinguished 

children with ASD from typically 

developing children and also 

differentiated ASD children with and 

without GI disturbance. 

Suggests that oral microbiota 

may have diagnostic and 

clinical relevance, especially in 

relation to GI symptoms. 

Evenepoel et al., 2024 

Oral microbiota and 

clinical characteristics in 

autistic children. 

No significant overall alpha- or beta-

diversity differences were found, but 

selected genera were more prevalent 

and associated with social difficulties, 

repetitive behavior, or anxiety. 

Oral microbiome findings are 

promising but inconsistent 

and should be interpreted 

cautiously. 

El Raghy et al., 2025 

Dietary intervention 

excluding processed 

foods, additives, and 

preservatives. 

After three months, children showed 

improvement in ATEC and GI 

symptom scores, despite no significant 

overall change in gut microbiome 

profile. 

Diet may improve selected 

clinical parameters, but 

should not be presented as a 

causal treatment for ASD. 

Palmer et al., 2025 

Double-masked 

randomized controlled 

trial of prebiotic 

supplementation. 

The effects of prebiotics on children's 

behavior, gastrointestinal problems, 

parents' quality of life, and microbiome 

composition were studied. 

Prebiotics can help as 

additional support, but their 

effects depend on the child's 

diet, symptoms, and the type 

of bacteria present in the 

intestines. 
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Study Design / focus Main findings Interpretation for this review 

Liu et al., 2019 

Randomized, double-

masked, placebo-

controlled trial of 

Lactobacillus plantarum 

PS128. 

Targeted probiotic supplementation 

showed beneficial effects on selected 

aspects of behavioral functioning. 

Supports further study of 

strain-specific probiotic 

approaches. 

Santocchi et al., 2020 

Randomized controlled 

trial of probiotic 

supplementation. 

ADOS-CSS score did not decrease, but 

some children may have experienced 

improvements in social contacts, GI 

symptoms, and sensory responses. 

Probiotics should be 

considered as additional 

support, not standard ASD 

therapy. 

Wan et al., 2024 

Randomized, double-

masked, placebo-

controlled oral FMT trial. 

After FMT, improvement was 

observed in some areas of social 

functioning according to the Vineland-

3 scale, without serious side effects. 

FMT is still a method under 

investigation and requires 

further research. 

Zheng et al., 2025 

Retrospective review of 

washed microbiota 

transplantation. 

Single- and multidonor WMT were 

associated with reduced symptom 

severity on ABS, CARS, and SDSC 

after treatment cycles, without severe 

adverse reactions. 

WMT is promising but should 

be treated as an emerging, 

non-routine intervention. 

Pan et al., 2025 
Study of constipation and 

WMT effectiveness. 

Constipation influenced early response 

to WMT, with different ABC score 

changes after the first and second 

treatment courses. 

Baseline GI status may 

influence response to 

microbiota-transfer 

interventions. 

 

4. CONCLUSION 

ASD poses a significant health and economic burden for both individuals with ASD and their caregivers. It is an increasingly serious 

global problem that requires heightened attention and coordinated action. Managing ASD in clinical practice is often complicated by a 

range of severe co-occurring health conditions. Research efforts in this area must be broadened to evaluate the clinical efficacy of these 

microbiome-based interventions thoroughly. The most important interventions targeting the microbiota include regular monitoring of 

GI symptoms, assessment of diet and the risk of nutritional deficiencies, prevention of such deficiencies, and providing support for 

proper oral hygiene and interdisciplinary care tailored to the child’s individual needs. 

 

Acknowledgments 

There are no acknowledgments to disclose.  

 

Authors’ Contributions 

Conceptualization: Agata Kolanek and Karolina Kaczmarczyk; 

Methodology: Agata Kolanek and Izabela Ślinko; 

Software: Not applicable; 

Check: Agata Kolanek, Karolina Kaczmarczyk, Izabela Ślinko, Daria Metelkina, Ewa Dryl-Jarmoc, Gabriela Kuliś, Zuzanna Panas, 

Kacper Krawczuk, Jakub Dziemianczuk, Mateusz Zimowski, Piotr Kadysz and Mateusz Czajkowski; 

Formal analysis: Agata Kolanek; 

Investigation: Izabela Ślinko, Daria Metelkina, Ewa Dryl-Jarmoc, Gabriela Kuliś, Zuzanna Panas, Kacper Krawczuk, Jakub 

Dziemianczuk, Mateusz Zimowski, Piotr Kadysz and Mateusz Czajkowski; 



 

REVIEW | OPEN ACCESS   

 

Medical Science 30, e135ms3930 (2026)                                                                                                                                                                 7 of 9 

Resources: Izabela Ślinko, Daria Metelkina, Ewa Dryl-Jarmoc, Gabriela Kuliś, Zuzanna Panas, Kacper Krawczuk, Jakub Dziemianczuk, 

Mateusz Zimowski, Piotr Kadysz and Mateusz Czajkowski; 

Data curation: Karolina Kaczmarczyk, Izabela Ślinko, Daria Metelkina, Ewa Dryl-Jarmoc, Gabriela Kuliś, Zuzanna Panas, Kacper 

Krawczuk, Jakub Dziemianczuk, Mateusz Zimowski, Piotr Kadysz and Mateusz Czajkowski; 

Writing-rough preparation: Agata Kolanek, Karolina Kaczmarczyk, Izabela Ślinko, Daria Metelkina, Ewa Dryl-Jarmoc, Gabriela Kuliś, 

Zuzanna Panas and Jakub Dziemianczuk; 

Writing-review and editing: Agata Kolanek, Karolina Kaczmarczyk, Izabela Ślinko, Daria Metelkina, Ewa Dryl-Jarmoc, Gabriela Kuliś, 

Kacper Krawczuk, Mateusz Zimowski, Piotr Kadysz and Mateusz Czajkowski; 

Visualization: Not applicable; 

Supervision: Agata Kolanek and Karolina Kaczmarczyk; 

Project administration: Agata Kolanek. 

All authors have read and agreed to the final published version of the manuscript. 

 

Informed consent 

Not applicable. 

 

Ethical approval 

Not applicable. This article does not contain any studies with human participants or animals performed by any of the authors.  

 

Funding 

This research did not receive any external funding like specific grant from funding agencies in the public, commercial, or nonprofit 

sectors. 

 

Conflict of interest 

The authors declare that they have no conflicts of interest, competing financial interests or personal relationships that could have 

influenced the work reported in this paper. 

 

Data and materials availability 

All data associated with this study will be available based on the reasonable request to corresponding author. 

 

REFERENCES 

1. Adams JB, Johansen LJ, Powell LD, Quig D, Rubin RA. 

Gastrointestinal flora and gastrointestinal status in children 

with autism – comparisons to typical children and correlation 

with autism severity. BMC Gastroenterol 2011;11(1):22. doi: 

10.1186/1471-230X-11-22. 

2. Anwar H, Irfan S, Hussain G, Faisal MN, Muzaffar H, 

Mustafa I, Mukhtar I, Malik S, Ullah MI. Gut Microbiome: A 

New Organ System in Body. In: Bastidas Pacheco GA, 

Kamboh AA, editors. Parasitology and Microbiology 

Research. IntechOpen 2020. doi: 10.5772/intechopen.89634. 

3. Billeci L, Callara AL, Guiducci L, Prosperi M, Morales MA, 

Calderoni S, Muratori F, Santocchi E. A randomized 

controlled trial into the effects of probiotics on 

electroencephalography in preschoolers with autism. Autism 

2023;27(1):117-132. doi: 10.1177/13623613221082710. 

4. Borbélyová V, Szabó J, Sušienková P, Potvin J, Belvončíková 

P, Groß T, Jančovičová A, Bačová Z, Rašková B, Szadvári I, 

Antal M, Pirník Z, Karhánek M, Šoltys K, Gardlík R, Celec P, 

Ostatníková D, Tomova A. The Effect of Parental Faecal 

Microbiome Transplantation from Children with Autism 

Spectrum Disorder on Behavior and Gastrointestinal 

Manifestations in the Male Offspring of Shank3 Mice. Int J 

Mol Sci 2025;26(13):5927. doi: 10.3390/ijms26135927. 

5. Collins SM, Surette M, Bercik P. The interplay between the 

intestinal microbiota and the brain. Nat Rev Microbiol 

2012;10(11):735-742. doi: 10.1038/nrmicro2876. 

6. Cryan JF, O’Mahony SM. The microbiome-gut-brain axis: 

from bowel to behavior. Neurogastroenterol Motil 

2011;23(3):187-192. doi: 10.1111/j.1365-2982.2010.01664.x. 

7. El Raghy MAE, Bakr WMK, Ahmed SM, ElMeidany WM, 

Omran EA. Effect of Following an ‘Exclusion Diet’ to 

Modulate the Gut Microbiota of Children with Autism 

Spectrum Disorder. Ain Shams Med J 2025;76(3):782-814. doi: 

10.21608/ASMJ.2025.368328.1411. 



 

REVIEW | OPEN ACCESS   

 

Medical Science 30, e135ms3930 (2026)                                                                                                                                                                 8 of 9 

8. Evenepoel M, Daniels N, Moerkerke M, Van de Vliet M, 

Prinsen J, Tuerlinckx E, Steyaert J, Boets B, Alaerts K, Joossens 

M. Oral microbiota in autistic children: Diagnosis-related 

differences and associations with clinical characteristics. Brain 

Behav Immun Health 2024;38:100801. doi: 10.1016/j.bbih.2024 

.100801. 

9. Finegold SM, Dowd SE, Gontcharova V, Liu C, Henley KE, 

Wolcott RD, Youn E, Summanen PH, Granpeesheh D, Dixon 

DR, Liu M, Molitoris DR, Green JA III. Pyrosequencing study 

of fecal microflora of autistic and control children. Anaerobe 

2010;16(4):444-453. doi: 10.1016/j.anaerobe.2010.06.008. 

10. Gray HL. Diet and Autism Spectrum Disorder. In: Martin CR, 

Preedy VR, Patel VB, Rajendram R, editors. Handbook of the 

Biology and Pathology of Mental Disorders. Springer Nature 

Switzerland AG 2025;1877-1891. doi: 10.1007/978-3-031-73368-

0_65. 

11. Hicks SD, Uhlig R, Afshari P, Williams J, Chroneos M, 

Tierney-Aves C, Wagner K, Middleton FA. Oral Microbiome 

Activity in Children With Autism Spectrum Disorder. Autism 

Res 2018;11:1286-1299. doi: 10.1002/aur.1972. 

12. Hirota T, King BH. Autism Spectrum Disorder: A Review. 

JAMA 2023;329(2):157-168. doi: 10.1001/jama.2022.23661. 

13. Holingue C, Newill C, Lee L, Pasricha PJ, Fallin MD. 

Gastrointestinal symptoms in autism spectrum disorder: A 

review of the literature on ascertainment and prevalence. 

Autism Res 2018;11(1):24-36. doi: 10.1002/aur.1854. 

14. Horvath K, Papadimitriou JC, Rabsztyn A, Drachenberg C, 

Tildon JT. Gastrointestinal abnormalities in children with 

autistic disorder. J Pediatr 1999;135(5):559-563. doi: 

10.1016/S0022-3476(99)70052-1. 

15. Jašarević E, Rodgers AB, Bale TL. A novel role for maternal 

stress and microbial transmission in early life programming 

and neurodevelopment. Neurobiol Stress 2015;1:81-88. doi: 

10.1016/j.ynstr.2014.10.005. 

16. Johnson D, Letchumanan V, Thurairajasingam S, Lee LH. A 

Revolutionizing Approach to Autism Spectrum Disorder 

Using the Microbiome. Nutrients 2020;12(7):1983. doi: 

10.3390/nu12071983. 

17. Lefter R, Ciobica A, Timofte D, Stanciu C, Trifan A. A 

Descriptive Review on the Prevalence of Gastrointestinal 

Disturbances and Their Multiple Associations in Autism 

Spectrum Disorder. Medicina 2019;56(1):11. doi: 

10.3390/medicina56010011. 

18. Li H, Liu C, Huang S, Wang X, Cao M, Gu T, Ou X, Pan S, Lin 

Z, Wang X, Zhu Y, Jing J. Multi-omics analyses demonstrate 

the modulating role of gut microbiota on the associations of 

unbalanced dietary intake with gastrointestinal symptoms in 

children with autism spectrum disorder. Gut Microbes 

2023;15(2):2281350. doi: 10.1080/19490976.2023.2281350. 

19. Liu YW, Liong MT, Chung YCE, Huang HY, Peng WS, Cheng 

YF, Lin YS, Wu YY, Tsai YC. Effects of Lactobacillus 

plantarum PS128 on Children with Autism Spectrum 

Disorder in Taiwan: A Randomized, Double-Blind, Placebo-

Controlled Trial. Nutrients 2019;11(4):820. doi: 10.3390/nu110 

40820. 

20. Mallick H, Nirmalkar K, Adams JB, Krajmalnik-Brown R. 

Multi-omics Integration of Microbiota Transplant Therapy in 

Children with Autism Spectrum Disorders. bioRxiv 2025. doi: 

10.1101/2025.10.10.681677. 

21. Mayer EA, Tillisch K, Bradesi S. Review article: modulation of 

the brain-gut axis as a therapeutic approach in gastrointestinal 

disease. Aliment Pharmacol Ther 2006;24(6):919-933. doi: 

10.1111/j.1365-2036.2006.03078.x. 

22. Mazzone L, Dooling SW, Volpe E, Uljarević M, Waters JL, 

Sabatini A, Arturi L, Abate R, Riccioni A, Siracusano M, 

Pereira M, Engstrand L, Cristofori F, Adduce D, Francavilla R, 

Costa-Mattioli M, Hardan AY. Precision microbial 

intervention improves social behavior but not autism severity: 

A pilot double-blind randomized placebo-controlled trial. Cell 

Host Microbe 2024;32(1):106-116.e6. doi: 10.1016/j.chom.2023. 

11.021. 

23. Narula Khanna H, Roy S, Shaikh A, Chhabra R, Uddin A. 

Impact of probiotic supplements on behavioural and 

gastrointestinal symptoms in children with autism spectrum 

disorder: A randomised controlled trial. BMJ Paediatr Open 

2025;9:e003045. doi: 10.1136/bmjpo-2024-003045. 

24. Navarro F, Liu Y, Rhoads JM. Can probiotics benefit children 

with autism spectrum disorders? World J Gastroenterol 

2016;22(46):10093. doi: 10.3748/wjg.v22.i46.10093. 

25. Olsen I, Hicks SD. Oral microbiota and autism spectrum 

disorder (ASD). J Oral Microbiol 2020;12(1):1702806. doi: 

10.1080/20002297.2019.1702806. 

26. Palmer JK, Van Der Pols JC, Sullivan KA, Staudacher HM, 

Byrne R. A Double-Blind Randomised Controlled Trial of 

Prebiotic Supplementation in Children with Autism: Effects 

on Parental Quality of Life, Child Behaviour, Gastrointestinal 

Symptoms, and the Microbiome. J Autism Dev Disord 

2025;55(3):775-788. doi: 10.1007/s10803-024-06239-z. 

27. Pan ZY, Gao Z, Chen J, Quan Y, Xu J, Liang X, Xie W, He XX, 

Wu LH. Does constipation affect the effectiveness of washed 

microbiota transplantation in treating autism spectrum 

disorders? Front Neurosci 2025;19:1602681. doi: 10.3389/fnins. 

2025.1602681. 

28. Patel M, Atluri LM, Gonzalez NA, Sakhamuri N, Athiyaman 

S, Randhi B, Gutlapalli SD, Pu J, Zaidi MF, Khan S. A 



 

REVIEW | OPEN ACCESS   

 

Medical Science 30, e135ms3930 (2026)                                                                                                                                                                 9 of 9 

Systematic Review of Mixed Studies Exploring the Effects of 

Probiotics on Gut-Microbiome to Modulate Therapy in 

Children With Autism Spectrum Disorder. Cureus 

2022;14(12):e32313. doi: 10.7759/cureus.32313. 

29. Patusco R, Ziegler J. Role of Probiotics in Managing 

Gastrointestinal Dysfunction in Children with Autism 

Spectrum Disorder: An Update for Practitioners. Adv Nutr 

2018;9:637-650. doi: 10.1093/advances/nmy031. 

30. Santocchi E, Guiducci L, Prosperi M, Calderoni S, Gaggini M, 

Apicella F, Tancredi R, Billeci L, Mastromarino P, Grossi E, 

Gastaldelli A, Morales MA, Muratori F. Effects of Probiotic 

Supplementation on Gastrointestinal, Sensory and Core 

Symptoms in Autism Spectrum Disorders: A Randomized 

Controlled Trial. Front Psychiatry 2020;11:550593. doi: 

10.3389/fpsyt.2020.550593. 

31. Taha H, Issa A, Muhanna Z, Al-Shehab M, Wadi T, Awamleh 

S, Ateiwi YA, Abusido M, Berggren V. Microbiota-based 

interventions for autism spectrum disorder: a systematic 

review of efficacy and clinical potential. Front Microbiol 

2025;16:1648118. doi: 10.3389/fmicb.2025.1648118. 

32. Wan L, Wang H, Liang Y, Zhang X, Yao X, Zhu G, Cai J, Liu 

G, Liu X, Niu Q, Li S, Zhang B, Gao J, Wang J, Shi X, Hu L, Liu 

X, Zou Z, Yang G. Effect of oral faecal microbiota 

transplantation intervention for children with autism 

spectrum disorder: A randomised, double-blind, placebo-

controlled trial. Clin Transl Med 2024;14(9):e70006. doi: 

10.1002/ctm2.70006. 

33. Wang H, Liu S, Xie L, Wang J. Gut microbiota signature in 

children with autism spectrum disorder who suffered from 

chronic gastrointestinal symptoms. BMC Pediatr 2023;23:476. 

doi: 10.1186/s12887-023-04292-8. 

34. Wasilewska J, Jarocka-Cyrta E, Kaczmarski M. 

Gastrointestinal abnormalities in children with autism. Pol 

Merkur Lekarski 2009;27(157):40-43. 

35. Zheng YM, Ye MM, Zhang HY, Luo DP, Liu T, He XX, Chen 

XY, Wu LH. Retrospective review: single- and multidonor 

washed microbiota transplantation have equivalent efficacy in 

the treatment of autism. Front Cell Infect Microbiol 

2025;15:1606417. doi: 10.3389/fcimb.2025.1606417.    


