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Research advances in gut microbes and autism spectrum disorders

Abstract 
This paper concludes that recent research on the interrelationship between gut microbiota 
and autism spectrum disorder (ASD) has gained significant attention. The study found that 
the composition of the gut microbiota in ASD patients is often markedly different from that 
of the general population, particularly in the species and abundance of beneficial bacteria, 
such as Bifidobacterium and Lactobacillus, which are frequently imbalanced. The imbalance 
in intestinal microorganisms not only affects gut health but also disrupts the neurological 
functions mediated by the gut-brain axis, exacerbating the behavioral and cognitive 
symptoms associated with ASD. In recent years, microbial interventions, including probiotics, 
prebiotics, and fecal microbiota transplantation (FMT), have shown some promise. The use of 
probiotics and prebiotics can increase the proportion of beneficial flora in the gut of patients 
with ASD, helping to produce anti-inflammatory short-chain fatty acids, thereby improving 
neurological symptoms. Additionally, FMT, which involves transplanting gut microbes from 
healthy individuals into ASD patients, has demonstrated significant improvements in both gut 
and behavioral symptoms in several studies. However, due to the high individual variability 
among ASD patients, a single microbial intervention is not consistently effective across all 
individuals. Some patients respond well to probiotics or FMT, whereas others show limited 
symptom improvement. This variability may be attributed to each patient's unique microbiota 
composition, immune status, and metabolic profile. Therefore, further research is needed 
to identify biomarkers that can predict the effectiveness of microbial interventions, thereby 
enabling more precise and individualised therapies. This review aims to provide guidance for 
future research and to offer a theoretical foundation and data support for exploring microbial 
modulation as a potential treatment for ASD.
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Introduction

Autism Spectrum Disorder (ASD) is a broad neurological disorder 
characterized by rigid behavioral patterns and difficulties in 
communication with others. According to reports, approximately 
1 in 68 children worldwide are affected by ASD, although the 
severity of the disorder varies significantly in clinical practice 
[1]. In the past couple of decades, research has observed a 
noticeable rise in the prevalence of ASD, which may be attributed 
to variations in environmental factors or the implementation of 
improved diagnostic criteria that have enabled the identification 
of previously missed cases [2]. Research indicates that while 
environmental issues, as well as immune and metabolic problems, 
can affect the onset and progression of ASD, genetics remains the 
primary pathogenic factor [3].
    With ongoing research, scientists have begun to recognise 
the significant role that gut microbiota plays in the health of the 
nervous system. This has led to increased interest in studying the 
relationship between the gut microbiota and ASD. The human 
gastrointestinal tract is home to a vast array of bacteria and 
other microorganisms, which not only assist in the digestion and 
metabolism of food, but also play vital roles in immune regulation, 
pathogen defense, and the overall health of the nervous system 
[4]. It has been shown that the gut and brain are interconnected 
through several pathways in the nervous, endocrine, and immune 
systems [5].
    Numerous studies have demonstrated that the gut microbiome 
of individuals with ASD significantly differs from that of healthy 
individuals. For example, patients with ASD may experience 
an imbalance in their gut microbiota, with a higher relative 
abundance of bacteria from the phylum Firmicutes and a lower 
proportion from the phylum Bacteroidetes [6]. Furthermore, 
neurodevelopmental disorders in individuals with ASD may 
be linked to specific abnormalities in their gut flora, such as a 
reduction in Bifidobacterium and an increase in Clostridium 
species [7]. These microbial imbalances may affect brain function 
and host immune regulation through their inf luence on the 
synthesis of short-chain fatty acids, such as butyrate. In addition, 
alterations in certain metabolites in the gut have been found in 
patients with ASD, and these metabolites may influence behavior 
and brain development via the gut-brain axis pathway [8].
    There is growing evidence that certain behavioral signs 
of autism are linked to gut microbes. Individuals with ASD 
are significantly more likely than the general population to 
experience common gastrointestinal symptoms such as diarrhea, 
constipation, and abdominal pain [9]. A significant correlation 
has been observed between the condition of the digestive tract 
and the deterioration of ASD symptoms, which is accompanied 
by dysbiosis of the gut microbiota [10]. Furthermore, researchers 
believe that the gut microbiota and their metabolites may influence 
the brain via the bloodstream or vagus nerve, thereby affecting 
patients' social behavior and cognitive function. This relationship 
has sparked new discussions about how gut health may influence 
brain cognition [11].
    The gut-brain axis has become a key research topic in the 
study of the mechanisms underlying the relationship between the 
gut microbiota and autism. The complex network of metabolic 
functions, immune regulation, and neural transmission connects 
the gut and the brain. The central nervous system receives signals 
from the gut microbiota through the vagus nerve and enteric 
nervous system, which in turn influences emotions, behavior, 
and cognitive abilities [12]. Research has shown that Specific gut 
microbiota can affect the production of neurotransmitters through 
metabolic pathways, including gamma-aminobutyric acid (GABA) 
and 5-hydroxytryptamine (serotonin). These neurotransmitters 
are crucial for regulating emotions and behavior [13]. Behavioral 

problems and emotional disorders in individuals with ASD may be 
partially caused by changes in the abundance of microorganisms 
associated with neurotransmitter production and their functions in 
the gut [14].
    In addition to the behavioral and metabolic correlations, gut 
microbiota also plays a major role in immune system regulation. 
One of the most concerning factors in the etiology of ASD is 
immune system dysfunction. Through the regulation of immune 
responses, gut microbiota may inf luence the inf lammatory 
state of the central nervous system, which further exacerbates 
the behavioral symptoms of ASD [15]. For instance, certain 
pathogenic bacteria can increase intestinal permeability, leading to 
a "leaky gut," which allows inflammatory factors to enter the body 
and trigger disease. Reports indicate that the level of intestinal 
permeability in ASD patients is significantly higher than that in the 
general population, further supporting the potential link between 
the gut microbiota and ASD pathology [16].
    Given these findings, gut microbiota therapy has attracted 
increasing interest as a potential treatment for ASD. Currently, 
therapies such as fecal microbiota transplantation, probiotics, and 
prebiotics have been shown to help alleviate behavioral symptoms 
in ASD patients. For example, Kang et al.'s experimental results 
indicated that fecal microbiota transplantation significantly reduced 
gastrointestinal symptoms in ASD patients and positively impacted 
social behavior [17]. Additionally, dietary interventions such as 
casein- and gluten-free diets have been shown to reduce behavioral 
symptoms in some ASD patients by altering the composition of the 
gut microbiota [18]. Despite these successes, individual variability 
remains significant, and there is limited research on the long-term 
safety and effectiveness of these therapies.
    This review summarises recent research on the relationship 
between the gut microbiota and ASD, particularly its role in the 
pathophysiology of ASD and its potential as a therapeutic target. 
Through this review, we aim to provide a more comprehensive 
and in-depth perspective on the role of gut microbes in ASD and 
to offer a scientific basis for the exploration of future therapeutic 
options.

The relationship between gut microbes and autism

Characterization of the gut microbiota in autistic individuals

Recent studies have shown that the gut microbiota composition in 
individuals with ASD is markedly different from that in healthy 
individuals. This microbial imbalance may influence behavioral 
symptoms and neurological functioning. Generally, the gut 
microbiota in individuals with ASD is less diverse, which can lead 
to altered metabolite production and compromised gut barrier 
function, both of which can negatively affect brain development 
[19].
    Studies have shown that the ratio of certain specific bacterial 
species in the gut of individuals with ASD is significantly altered. 
In a study by Finegold SM, it was reported that children with 
autism had nine types of Clostridia not found in controls, whereas 
the controls harbored only three species of Clostridia that were 
absent in children with autism, resulting in a total of 25 different 
Clostridia genera [20]. For example, individuals with ASD often 
have higher levels of Clostridium spp., Desulfovibrio spp., and 
Bacteroides spp., but much lower levels of certain probiotics, such 
as Bifidobacterium and Lactobacillus. According to Macfabe’s 
study, these alterations may lead to an increase in potentially 
neurotoxic metabolites, such as propionic acid, which is thought 
to be linked to behavioral abnormalities and cognitive dysfunction 
[21].
    A more comprehensive analysis of the gut microbiota revealed 
that patients with ASD have a notably high percentage of 
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Clostridium spp. Through the production of harmful chemicals 
or intestinal inflammation, this microbiota may affect the gut-
brain axis [7]. For example, Fasano A. suggests that Clostridium 
and its byproducts contribute to increased intestinal permeability, 
leading to the "leaky gut" phenomenon that allows inflammatory 
substances to enter the bloodstream. This can trigger an 
inflammatory response in the brain and damage to the blood-brain 
barrier [22]. It is believed that this neuroinflammatory condition 
may play a role in the symptoms of ASD.

Advances in animal models and population studies

Scientists have employed a variety of methods to explore the 
connection between gut microbes and ASD, such as microbial 
composition studies based on human patients and animal model 
experiments. Fecal samples from ASD patients are often analyzed 
and compared with controls in population-based studies to 
identify microbial differences and potential associations [19]. In 
order to identify differences in specific bacterial strains between 
groups, 16S rRNA gene sequencing can be used to conduct high-
throughput analysis of the gut microbial composition in both 
patients and healthy controls. According to Strati F.'s research, 
the diversity of gut microbiota in children with ASD significantly 
decreases, especially the abundance of specific bacteria like 
Bifidobacterium brevis and Lactobacillus, which undergoes 
significant changes. Research has shown that the role of these 
bacteria in immune regulation and metabolic pathways might 
be one of the key factors contributing to the occurrence and 
development of ASD [23]. Additionally, Wang M.'s research results 
also indicated that the gut microbiota of ASD patients may affect 
the metabolism of neurotransmitters such as glutamate, providing 
further insight into the potential mechanisms by which gut bacteria 

influence the nervous system in ASD patients through metabolic 
regulation [24].
    Animal models, particularly sterile mice and human microbiota 
transplantation models, have proven essential in revealing the 
causal effects of microbiota on behavior [25]. By transplanting gut 
microbes from patients with autism into a mouse model, Hsiao et 
al. found that these mice exhibited autism-like behaviors, including 
social deficits and repetitive stereotyped behaviors [8]. Such 
studies not only demonstrate an association between gut microbes 
and ASD behavior, but also suggest a potential causal role for 
microbes in the pathology of ASD.
    Furthermore, a large body of twin research has provided 
additional support for the association between gut microbes and 
ASD. These studies have found that even in genetically identical 
twins, the composition of gut microbes can differentially affect 
the severity of ASD symptoms, suggesting that the environment 
(including the microbiome) plays an important role in the 
development of autism [26].

Mechanisms involved in the gut-brain axis

There are several ways in which gut microorganisms may 
be linked to the neurobehavioral symptoms of ASD, but the 
most important is the gut-brain axis. Through metabolites, 
neurotransmitters, and immunological signaling, gut microbes can 
alter brain function. The gut-brain axis is an elaborate web of the 
immune, endocrine, and neurological systems (Figure 1).
    One of the key mechanisms by which gut microorganisms 
inf luence brain function is through the modulation of 
neurotransmit ters. Numerous gut microorganisms have 
the capacity to inf luence the production and metabolism of 
neurotransmitters, either directly or indirectly. For example, some 

Figure 1. Regulation of gut brain axis.



74 R. Lico et al./Asia Pac J Surg Exp & Pathol 2024; 1: 71-80

gut bacteria produce the neurotransmitters 5-hydroxytryptamine 
(serotonin) and γ-aminobutyric acid (GABA), which are essential 
for mood regulation and cognitive function[13]. The study by 
Strandwitz P. identifies a family of gut bacteria, including butyrate-
producing species in the Bacteroidetes phylum, that are capable 
of generating GABA. According to the study, the gut-brain axis 
pathway may enable gut bacteria to produce GABA, which could 
impact the host’s mood and cognitive abilities [27]. Furthermore, 
Clarke G. investigated the regulation of the 5-hydroxytryptamine 
system by gut microbes using a germ-free mouse model and found 
that the absence of gut microbes affected 5-hydroxytryptamine 
levels in the hippocampus of the mice and led to behavioral 
changes [28]. This finding suggests that gut microbes play a 
significant role in the regulation of neurotransmitters, which in 
turn, affects cognitive and behavioral functions in patients with 
ASD. This also implies that alterations in 5-hydroxytryptamine 
levels in patients with ASD may be closely linked to changes in 
their gut microbiota.
    Through controlling the immune system, gut microorganisms 
affect the development and functioning of the neurological system. 
By influencing T-cell homeostasis and cytokine production, the gut 
microbiota can modify the systemic immune response and serve 
as a significant regulator of the host immune system. Specifically, 
commensal bacteria, such as Bifidobacterium bifidum, through 
the production of polysaccharide A (PSA), have been found by 
Mazmanian SK. to regulate the host immune system by balancing 
T cell subsets and reducing the production of pro-inflammatory 
cytokines, thus preventing immune system over-activation [29]. 
Increases in inflammatory cytokines are frequently observed in 
patients with ASD, which may be linked to the immune activation 
caused by gut microorganisms. These inflammatory substances 
can pass through the blood-brain barrier into the central nervous 
system, where they may exacerbate neuroinflammation and 
influence behavioral symptoms. Later, Hsiao EY demonstrated the 
connection between immune activation triggered by gut microbes 
and ASD-related behaviors using a mouse model of ASD. 
Increased levels of inflammatory factors have been found in ASD 
mice, accompanied by sustained activation of the immune system. 
Some behaviors associated with ASD were reduced by altering the 
gut microbiome, suggesting that the immune system might play 
a role in the pathophysiology of ASD [30]. These findings lend 
further support to the idea that gut microorganisms influence the 
immune system, indicating that inflammation caused by immune 
activation may impact neurological function in individuals with 
ASD.
    Furthermore, the gut-brain axis depends on the permeability 
of the intestinal barrier, and individuals with ASD frequently 
experience leaky gut syndrome or increased intestinal 
permeability. ASD patients have significantly higher intestinal 
permeability than healthy controls, and this abnormality may 
have a genetic predisposition, according to de Magistris L.'s 
measurements of intestinal permeability in both individuals with 
ASD and their relatives. The study suggests that elevated intestinal 
permeability could influence neurodevelopment by promoting 
systemic immune activation [31]. When the intestinal barrier is 
compromised, bacteria and metabolites can easily pass through the 
intestinal wall into the bloodstream, and this inflammatory process 
may contribute significantly to the worsening of neurological 
symptoms in ASD patients.

Potential mechanisms of gut microbial autism

Recent studies have shown that the gut microbiota influences 
neurodevelopment and function through multiple pathways, 
which may be closely related to the pathogenesis of ASD. 
These mechanisms include the interaction between the gut and 

brain barriers, the relationship between neuroinf lammation 
and immunomodulation, and the impact of microbes on 
neurodevelopment during the maternal and infant periods (Figure 
2), which will be discussed below.

Relationship between the gut barrier and the brain barrier

The blood-brain barrier and the gut barrier work together to 
maintain the body’s internal environment, and the health of the 
blood-brain barrier is strongly influenced by the integrity of the 
gut barrier. Fiorentino M. discovered that individuals with ASD 
exhibit abnormal permeability in both the blood-brain barrier and 
the gut barrier, along with significantly higher serum levels of 
lipopolysaccharide (LPS) [32]. LPS is a potent immunostimulant 
that activates systemic immune responses and affects the 
intracerebral environment through the blood-brain barrier. This 
mechanism is thought to be closely linked to neuroinflammation 
and neurodevelopmental abnormalities in patients [32]. Ma 
B. later found that LPS levels were strongly associated with 
intestinal barrier damage by examining the gut microbiota and 
gut permeability in ASD patients [33]. Further research has shown 
that alterations in the gut microbiota and increased LPS levels 
can penetrate the blood-brain barrier, leading to intracerebral 
inflammation, which may impact the behavioral and cognitive 
functioning of individuals with autism.
    Fasano et al. demonstrated that certain bacteria in the intestinal 
flora (e.g., Clostridium spp.) secrete a protein called zonulin, 
which regulates the permeability of both the intestinal and blood-
brain barriers [34]. This allows inflammatory chemicals and 
bacterial products to pass from the gut to the brain, potentially 
resulting in neurological impairments. According to Esnafoglu E., 
patients with ASD had significantly higher serum levels of zonulin 
compared to control subjects, and this increase was associated with 
greater intestinal permeability. The study suggested that excessive 
zonulin levels may allow toxins and bacteria to pass through the 
intestinal barrier into the bloodstream, compromising the blood-
brain barrier and potentially triggering an inflammatory response 
in the nervous system [35].

Neuroinflammation and immune regulation

T he g rowi ng i nt e res t  i n  t he  role  of  g ut  bac te r ia  i n 
neurodevelopment stems from the close connection between the 
immune and nervous systems. Immune system abnormalities are 
frequently observed in patients with ASD. For example, Ashwood 
et al. discovered that patients with ASD had significantly higher 
plasma levels of various pro-inflammatory cytokines such as IL-6 
and TNF-α, indicating that the immune system is continuously 
activated. These immune system anomalies are correlated with 
behavioral deficiencies, which may affect neurodevelopment and 
behavioral performance in individuals with ASD[36]. Vargas 
DL. found that activation of microglia and astrocytes in the 
brains of ASD patients was accompanied by the expression of 
a large number of pro-inflammatory cytokines. These findings 
suggest that neuroinflammation in ASD patients may be caused 
by abnormal activation of the immune system, highlighting the 
crucial role of the immune system in the pathophysiological 
mechanisms of ASD [37].
    Numerous studies have shown that some gut bacteria may 
influence immune system function by producing short-chain fatty 
acids (SCFAs), such as butyrate. When Frye RE et al. examined 
intestinal metabolites in patients with ASD found that levels of 
butyrate and other SCFAs were markedly lower. Reduced butyrate 
production may contribute to increased inflammation in both 
the gut and central nervous system, which could further impair 
neurodevelopment and behavioral abilities in patients with ASD 
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[38]. Additionally, gut microbiota can affect immune system 
balance by regulating the activity of regulatory T cells (Tregs). 
In a mouse model of autism, Albekairi NA discovered that the 
CXCR2 antagonist SB332235 reduced behavioral impairments 
by upregulating the Treg-associated transcription factor signaling 
pathway and inhibiting Th1/Th22 cells [39]. Therefore, because 
CXCR2 antagonists have anti-inflammatory properties, they may 
represent a potential therapeutic approach to reduce behavioral 
impairments in ASD.

Influence of gut microorganisms during motherhood and infancy

The maternal-infant period is a critical stage of neurodevelopment, 
and the maternal gut microbiota has a significant impact on the 
development of both the immune system and the central nervous 
system of the fetus and infant. Changes in the maternal microbiota, 
particularly during pregnancy, have profound effects on the 
development of the immune system and the central nervous system 
in the offspring. For example, Vuong HE studied the effects of 
maternal gut microbiota during pregnancy on brain development 
in the offspring. According to this study, changes in the maternal 
gut microbiota during pregnancy affect neurotransmitters and 
metabolic pathways in the fetal brain, which in turn control neural 
development [40]. Additionally, Holingu's cohort study examining 
the relationship between antibiotic use during pregnancy or early 
infancy and the risk of neurodevelopmental disorders in children 
found that exposure to antibiotics during pregnancy was associated 
with an increased risk of neurodevelopmental problems, including 
ASD, in children. This study suggests that maternal antibiotic use 
may disrupt the maternal gut microbiota, leading to dysregulation 

in the development of the fetal brain and increased vulnerability to 
neurodevelopmental disorders such as ASD [41].
    Moreover, pregnancy-related stress and nutritional changes 
can also alter the maternal gut microbiota, which can, in turn, 
influence the infant's gut flora through the placenta or breast milk. 
Zijlmans MA discovered that maternal psychological stress during 
pregnancy leads to alterations in the maternal gut microbiota, 
specifically a reduction in the abundance of health-related 
Bifidobacterium species. These changes in the maternal microbiota 
were transferred to the infant via the placenta or breast milk, 
potentially influencing the child’s immune system development 
[42]. Pannaraj's study demonstrated that the bacteria in breast milk 
are primarily staphylococci and streptococci, along with anaerobic 
Lactobacillus, Bifidobacterium, and Bacteroidetes species. These 
microbes present in breast milk serve as a significant source of 
microbiota for newborns [43]. The presence of similar microbial 
species in both breast milk and neonatal feces suggests that breast 
milk provides a key microbial inoculation to the infant’s gut [43, 
44].
    In addition, Henrik M. Roager et al. analyzed fecal samples 
from infants and children and found that breastfeeding promotes 
the production of aromatic lactic acids by Bifidobacterium bifidum 
in the infant’s intestines. These metabolites play an important role 
in shaping the immune function during early development [45]. 
By influencing immune function and regulating the gut-brain 
axis, these bacteria may affect the neurodevelopmental trajectory 
of children. Furthermore, Cho S et al. studied the interactions 
of human milk oligosaccharides (HMOs) with Bifidobacterium 
and Bacteroidetes species and their association with cognitive 
development in infants. Their findings showed that specific HMOs 

Figure 2. The mechanisms of gut microbes and autism.
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influence the composition of the infant gut microbiota and may 
in turn play a role in the cognitive development of infants [46]. 
Importantly, breast milk is rich in oligosaccharides, which act as 
prebiotics that promote the growth of beneficial gut microbiota. 
This, in turn, supports the development of the infant’s nervous 
system and may indirectly influence brain development and 
cognitive function [47].

Potential of gut microbes for the treatment of autism

Gut microbial interventions have received increasing attention in 
recent years as potential methodology for ASD. By improving the 
balance of gut flora, reducing neuroinflammation and modulating 
neurotransmitters, scientists expect to use this as an entry point to 
alleviate behavioral symptoms in ASD patients (Figure 3).

Application of probiotics and prebiotics

Recent studies suggest that certain probiotic strains may help 
alleviate symptoms in individuals with ASD. Probiotics are live 
microorganisms that provide health benefits to the host when 
consumed in adequate amounts. Mazzone L assessed the effects 
of two Lactobacillus reuteri strains (Lactobacillus reuteri ATCC-
PTA-6475 and DSM-17938) when given as a combined product 
to children with ASD. The study found that while the probiotic 
treatment significantly improved the social behaviors of the 

children, it did not affect their immune profile, gut microbiome 
composition, restrictive/repetitive behaviors, or the overall severity 
of ASD symptoms [48].
    In another study, Lin CH evaluated the effects of the probiotic 
bacterium Mimicronium fragilis BF839 in children with ASD. 
The results demonstrated that BF839 notably improved abnormal 
behaviors and gastrointestinal symptoms, especially motor skills 
related to stereotyped behaviors. The study also revealed that 
BF839 promoted the growth of beneficial Bifidobacterium species 
in the intestines of children with ASD [49].
    Another probiotic, Bifidobacterium longum NCC3001, has been 
shown to alleviate anxiety and stress-related behaviors in a rat 
model by reducing the production of pro-inflammatory cytokines. 
Other probiotics may similarly influence inflammatory responses 
in individuals with ASD, potentially leading to a reduction 
in neurological symptoms through this regulatory effect on 
inflammation [50].
    Prebiotics, which are indigestible food fibers, specifically 
promote the growth of beneficial gut microbes. Common 
prebiotics, such as galacto-oligosaccharides (GOS) and fructo-
oligosaccharides (FOS), play a key role in regulating the 
composition of gut microbiota [51]. Studies have shown that 
prebiotics can help alleviate behavioral symptoms in individuals 
with ASD by increasing the abundance of beneficial flora (such 
as Bifidobacterium) and promoting the production of metabolites, 
including short-chain fatty acids, which support brain function 

Figure 3. Treatment pathways for autism disorders.
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[52].

Application of faecal bacterial transplantation

Fecal Microbial Transplantation (FMT) is a process where fecal 
flora from a healthy individual is transplanted into the gut of a 
patient, aiming to restore microbial diversity and reestablish a 
balanced gut flora. In patients with ASD, FMT has shown modest 
effectiveness. When the gut flora is enhanced using FMT, notable 
improvements in social behavior and emotional responses were 
observed in a mouse model of Autism Spectrum Disorder (ASD). 
Additionally, FMT reduced the levels of pro-inf lammatory 
cytokines in the mice, indicating that it may play a role in 
controlling inflammation in the brain [53]. Several studies have 
applied FMT in various animal models with beneficial results [8, 
17, 54-59] (Table 1).
    Qin et al. explored the effects of FMT in children with ASD 
through a prospective study and found that after FMT, participants 
exhibited improvements in social interactions, emotional stability, 
and verbal communication. The study concluded that regulation of 
gut microbiota is a key factor in improving ASD symptoms [60]. 
Kang et al. conducted a study showing that FMT had therapeutic 
benefits for children with ASD. Their treatment regimen involved 
two weeks of intestinal cleansing and the use of oral antibiotics, 
including vancomycin, followed by FMT treatment for seven 
to eight weeks. The results showed that children who received 
FMT displayed significant changes in behavior and social skills, 
along with an increase in the diversity of their gut microbiota. 
Gastrointestinal issues, such as constipation, indigestion, and 
stomach discomfort, were also alleviated. These improvements 
in both behavior and gut health were sustained during a two-year 
follow-up after treatment [61]. The study further suggested that 
while FMT alters the gut ecology of patients, it may also modulate 
inflammation and neurotransmitter levels, thereby influencing 
behavior and cognitive abilities.
    Although FMT shows potential as a therapeutic treatment for 
ASD, there are still many challenges in its clinical application. 
Further research is required to address its safety, strain selection, 
donor screening, and potential pathogenic risk. Therefore, more 

in-depth studies and careful clinical management are necessary to 
optimize the treatment protocol and ensure the safe use of FMT in 
patients with ASD.

Effect of dietary modifications on gut microbes and autism 
symptoms

Dietary modifications are a direct and effective method of 
influencing the gut microbiota, and in patients with ASD, certain 
dietary patterns have been shown to have a positive impact on 
symptoms. One of the most commonly used dietary patterns for 
ASD interventions is the Gluten-Free, Casein-Free (GFCF) diet. 
Many individuals with ASD exhibit sensitivities to gluten and 
casein, proteins found in wheat and dairy, respectively. These 
sensitivities may lead to increased intestinal permeability, which 
can trigger neuroinflammation and behavioral abnormalities. A 
study by Adams et al. found that some children with ASD showed 
improvements in social interactions, speech, and overall gut health 
after following a GFCF diet, suggesting that this dietary approach 
may be beneficial for symptom management [62].
    Akhter M further supports the notion that a gluten-free, casein-
free diet is safe and therapeutically effective for children with 
autism, indicating that a tailored dietary approach could be a 
viable management option. However, the existing trials related to 
the use of gluten-free and casein-free diets for children with autism 
are limited in number, often with small sample sizes and potential 
biases in results. Consequently, larger cohort studies with more 
rigorous designs are necessary to better understand the long-term 
therapeutic benefits of gluten-free and casein-free diets for children 
with ASD [63].
    In addition to the GFCF diet, a high-fiber diet, which is rich 
in fruits, vegetables, and whole grains, has been shown to 
increase the number of beneficial bacteria in the gut, such as 
Bifidobacterium and Lactobacillus. These beneficial bacteria 
help improve the intestinal environment and contribute to the 
reduction of neuroinflammation by producing short-chain fatty 
acids (SCFAs) that have neuroprotective effects [64]. This type 
of diet may also contribute to overall gut health and play a role in 
alleviating some of the gastrointestinal and behavioral symptoms 

Table 1. Bacteriophage transplantation in animal models.

Animal Model FMT intervention methodology Key findings References

Mice Obtaining fecal samples from 
healthy mice for transplantation.

FMT significantly improved social behavior and 
reduced stereotypic behavior in mice. [18]

Mice Transplantation of mice containing 
intestinal flora from ASD patients.

ASD-associated gut flora transplantation led to 
behavioral abnormalities and immune system changes 
and FMT restored some behavioral functions.

[54]

BTBR mice (ASD 
model)

Transplantation of feces from 
healthy mice to ASD model mice.

Improved social behaviors and reduced anxiety-like 
behaviors, moderated neuroinflammation. [55, 56]

Mice(ASD model) Healthy mouse samples for 
transplantation.

Restored some neurotransmitter levels, reduced 
repetitive behaviors, and increased short-chain fatty 
acid production.

[57, 58]

Mouse (Lactobacillus 
reuteri intervention)

FMT combined with probiotic 
supplementation.

Improved social interaction and restored neural 
activity in relevant brain areas. [59]

Mice (induces ASD-like 
behavior)

ASD model mice receive healthy 
mouse colony transplantation.

Improved behavioral abnormalities and reduced 
intestinal barrier permeability. [8]
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associated with ASD.

Discussion

Although there has been considerable interest in the potential of 
gut microbial therapies to treat autism spectrum disorders (ASD), 
the ongoing debate surrounds their safety and effectiveness. A 
single intervention strategy does not produce uniform results 
across all ASD patients because of the significant variability 
among individuals; some patients respond positively to probiotics, 
whereas others show no improvement. This variability suggests the 
need for further research to identify the most effective microbial 
strains and biomarkers for ASD treatment [64]. Additionally, many 
studies suffer from limitations such as small sample sizes, the 
absence of control groups, and methodological inconsistencies, 
which may contribute to biased results. For instance, some studies 
failed to show a significant effect of probiotics on ASD symptoms, 
possibly because of improper strain selection or insufficient 
dosages. The long-term safety of fecal microbial transplantation 
(FMT) has not been thoroughly established, and there is a risk 
of infection or an immune response following transplantation, 
highlighting the need for caution. To ensure the safety and 
effectiveness of gut microbial therapies, future research must 
prioritize large-sample, randomized controlled trials.
    The current study has several limitations, including sample size, 
standardization issues, and gaps in mechanistic understanding. The 
small sample size restricts the generalizability and reproducibility 
of the findings [63]. Additionally, the lack of a matched healthy 
control group diminishes the reliability of the results, while the 
heterogeneity of the gut microbiota and the absence of harmonized 
standards complicate the integration of findings from different 
studies. Furthermore, the exact mechanisms of the gut-brain axis 
in individuals with ASD remain unclear. Although extensive 
research has been conducted using animal models, translating 
these findings to humans presents challenges [65]. To address 
these limitations, future research should focus on large-scale, 
multicenter studies with standardized methodologies, integrated 
multi-omics approaches, and the exploration of personalized 
intervention strategies. Mechanistic studies that incorporate 
humanized models along with long-term follow-up could provide 
a more comprehensive foundation for treatment and offer potential 
pathways for intervention in ASD patients.

Conclusion

The gut microbiota plays a pivotal role in the pathogenesis of ASD, 
influencing neurodevelopment and behavioral outcomes through 
mechanisms such as immune system modulation, neurotransmitter 
production, and gut-brain axis interactions. Microbial therapies, 
including fecal microbiota transplantation (FMT), probiotics, and 
prebiotics, have shown promise in alleviating ASD symptoms in 
recent years. However, the current research has notable limitations, 
including small sample sizes, substantial individual variations, 
and the absence of long-term follow-up. To validate the efficacy 
and safety of gut microbial interventions for ASD treatment, 
future research should focus on personalized interventions, 
utilizing multi-omics approaches to better understand the complex 
mechanisms by which gut flora influence ASD. Additionally, large-
scale, standardized randomized controlled trials are necessary. 
Such studies could offer patients more tailored therapeutic options 
and enhance our understanding of the therapeutic potential of gut 
bacteria in ASD.
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