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Fairy tales are more than true: not because they tell us that dragons exist, but because 
they tell us dragons can be beaten. 
 –C.K. Chesterton 
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THE MICROBIOME OF AUTISM SPECTRUM DISORDER: THE 

IMPLICATIONS ON CO-MORBID SYMPTOMATOLOGY AND THE ROLE IN 

THERAPEUTICS 

LAURYN BRASCH 

ABSTRACT 

Autism Spectrum Disorder (ASD) is a neurodevelopmental disorder characterized 

by impairment in social communication and repetitive behavior. The etiology of ASD is 

believed to be multifactorial, yet much about causation remains unknown. There is a 

growing interest in the role of the intestinal microbiome, how it may differ in the ASD 

population and how the intestinal microbiota may impact central nervous system (CNS) 

function. This process involves bidirectional communication between the gut and the 

CNS and is referred to as the gut-brain axis or the microbiome-gut-brain axis. The gut-

brain axis comprises the autonomic and enteric nervous systems, the vagus nerve, and the 

hypothalamic-pituitary-adrenal axis. While the exact mechanism of this pathway is 

currently unknown, there is growing evidence to suggest that gut microbiota plays an 

essential role in the brain, behavior, and cognitive development.  

When comparing the microbiome in ASD to that observed in neurotypical 

individuals, there is a good deal of variability. Research has shown that distinct bacteria 

are associated with GI symptoms, Autism severity, and other systemic repercussions on 

the host’s health. However, because of the inconsistency in microbiome composition, 

there is not a signature biomarker of ASD. 

It is still unknown if the diagnosis of ASD causes the gut biome dysbiosis or if the 
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disruption in the biome worsens and contributes to the ASD core symptomology. 

Individuals with ASD are five times more likely to exhibit atypical eating patterns and six 

to eight times more likely to have gastrointestinal problems, including diarrhea, 

constipation, bloating, and gastroesophageal reflux disease when compared with 

neurotypical subjects. These GI disorders have been reported to be associated with 

anxiety problems, somatic complaints, sleep abnormalities, and externalizing problems in 

many ASD individuals. The microbiome in ASD is believed to be atypical and these 

atypicalities may contribute to some of the brain, behavior and cognitive features 

associated with ASD. This paper will review what is known about the microbiome in 

ASD and possible implications for treatment and interventions. 
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WHAT IS AUTISM SPECTRUM DISORDER? 

 
Autism Spectrum Disorder (ASD) is a neurodevelopmental disorder characterized by 

impairment in social communication and repetitive behavior (Autism Spectrum Disorder 

Fact Sheet | National Institute of Neurological Disorders and Stroke, n.d.). The 

impairment severity of autism is now recognized as a spectrum because ASD individuals 

present different symptomology and co-morbidities that can span from mild to severe, 

and many individuals with ASD will require some degree of lifelong care and support 

(Fattorusso et al., 2019; Masini et al., 2020). Symptoms typically begin to become 

evident during early development. Children are typically screened and assessed for ASD 

at their 18 and 24-month checkup as recommended by the National Institute of Health 

(NIH). Some early symptomologies may include failure to speak a single-word by 16 

months or two-word-phrases by 24 months, poor eye contact, and/or lack of social 

responsiveness. The NIH also reports that some later indicators of ASD may include 

impaired ability to make friends with peers, abnormally intense fixations, and 

inflexibility to deviate from a specific routine (Autism Spectrum Disorder Fact Sheet | 

National Institute of Neurological Disorders and Stroke, n.d.) 

Recent data from the Center of Disease Control, CDC, has estimated that 1 out of 

44 children in the United States may be diagnosed with ASD (CDC, 2022b). The 

increasing trend in diagnosis can be seen in Figure 1. Figure 1 displays how, since the 

year 2000, the CDC has reported that the diagnostic rate of ASD has increased by 241%. 

It is said that the increasing diagnosis may, at least in part, be related to increased 

awareness, recognition, and assessments (Genovese & Butler, 2020).  
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Figure 1: The increased diagnosis rate of autism spectrum disorder. Reproduced from The 
Autism Community in Action (Autism Prevalence in the United States, 2021). 
https://tacanow.org/about-autism/autism-prevalence-2021/  

 

The cause of ASD is unknown. However, current research suggest that the 

etiology of ASD maybe multifactorial and may involve complex environmental and 

genetic factors (Genovese & Butler, 2020). Figure 2 summarizes some of the potential 

pre- and post- natal factors that may contribute to ASD, as well as the potential genetic 

predispositions. Also, per Figure 2, all these proposed hypotheses converge to state that 

there is a possible impairment in a biological process. ASD is known to affects all races, 

ethnicities, and socioeconomic groups (CDC, 2022b).  
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Figure 2 : The theorized complex etiology of Autism Spectrum Disorder. Reproduced by 
European Journal of Pediatrics (Noriega & Savelkoul, 2014). 
https://link.springer.com/article/10.1007/s00431-013-2183-4  
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Several genes have been associated with the genetic component of ASD. While 

the genetic component of ASD is not fully understood, it is known that there is a 

hereditary aspect to the genetic epidemiology of ASD in some cases. As noted 

previously, the CDC has estimated that 2% of the general population may be at risk of 

autism diagnosis (1 in 44 or circa 2%). However, this statistic escalates to a high of 25-

30% if another child within the family has been already diagnosed with ASD (Bai et al., 

2019; Genovese & Butler, 2020; Wu et al., 2015). Furthermore, twin studies have 

demonstrated that the heritability estimates in ASD to be as high as 70% to 90% 

(Constantino & Todd, 2003; Folstein & Rutter, 1977; Genovese & Butler, 2020). 

Case-control studies on human populations and animal models, have been 

reported that there are over 800 genes associated with autism (Masini et al., 2020). Genes 

that are found to associated with ASD are both common and rare genetic variants (Thapar 

& Rutter, 2021). Out of the 800+ genes, the most commonly identified genes appear to be 

those involved in the encoding for chromatin remodeling and transcriptional regulation, 

cell proliferation, as well as synaptic architecture and functionality (Masini et al., 2020).  

Chromosomal microarray analysis (CMA) has demonstrated the highest 

diagnostic yield for individuals with ASD. However, a survey conducted by a large 

autism center reported that less than 10% of ASD confirmed individuals had undergone 

any type of genetic evaluation (Ho et al., 2016).  

While genetic factors appear to play a significant role in the etiology of ASD, 

environmental factors also appear to influence the prevalence of ASD. A number of 

studies have cited maternal health as a risk factor for ASD, including deficiencies in 
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micronutrients such as vitamin D and iron, as these substances may have impact on fetal 

development (Masini et al., 2020). In addition, two meta-analyses have demonstrated that 

a maternal viral or bacterial infection during pregnancy may increase the risk of ASD, 

potentially due to an immune-inflammatory response (Chen et al., 2016; Wu et al., 2015; 

Zerbo et al., 2015). It has been suggested that the proinflammation cytokines released 

into the maternal bloodstream can cross the placenta and lead to aberrant neurogenesis 

that alters synapses and brain development, resulting in ASD behavioral symptoms 

(Robinson-Agramonte et al., 2022). Additional factors have been reported to include 

maternal medications such as Valproic acid, extreme prematurity of the infant, and 

maternally derived anti-brain autoantibodies (Meltzer & Van de Water, 2017).  

Some studies have suggested that teratogens and toxic exposures can pose as 

environmental risks that increase the prevalence of ASD. Toxic xenobiotics and 

brominated flame retardants has been found to led to mitochondrial dysfunction, which 

has a documented association with ASD. (Masini et al., 2020). It has been reported that 

10-20% of patients diagnosed with ASD have been found to have a mitochondrial 

dysfunction (Genovese & Butler, 2020; Hu et al., 2019; Rossignol & Frye, 2011). 

However, whether mitochondrial disorders are causative or associated to ASD remains 

unknown. 
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THE GUT-BRAIN-AXIS 

 
It has been estimated that the average human has an intestine that houses an 

ecosystem with over one hundred billion microorganisms, 7,000 strains of microbiota, 

and over 1,000 species of microbiota. Within this ecosystem, data indicates that the 

predominant specie is anaerobic bacteria as well as viruses, bacteriophages, protozoa, 

archaea, and fungi (Larroya-García et al., 2019; Parekh et al., 2015). Furthermore, 

research suggest that only a third of the biome is consistent across populations while two-

thirds comprise unique and specific microbiota on an individual basis (Larroya-García et 

al., 2019).  

One crucial role of the microbiota within the gut has been found to aide in the 

synthesis and digestion of essential nutrients that humans cannot naturally make nor 

digest, such as riboflavin, thiamine, and folate (Vuong & Hsiao, 2017).  

It is now recognized that a complex communication network exists from the gut 

to the CNS. This proposed network has been named the gut-brain axis or the 

microbiome-gut-brain axis. Figure 3 summarizes this proposed bidirectional 

communicational route between the gut microbiota and the brain. While the exact 

mechanism of this pathway is currently unknown, the present evidence suggests that gut 

microbiota can play an essential role in brain, behavior and cognitive development by 

producing hormones, immune factors, and metabolites (H.-X. Wang & Wang, 2016a). 

The gut-brain axis is believed to encompass the autonomic and enteric nervous system, 

the Vagus nerve, and the hypothalamic-pituitary-adrenal axis (Larroya-García et al., 

2019). Based on the topical review by the Chinese Medical Journal, the Vagus nerve may 
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be the most important neural connection between the gut microbe and the CNS (Dinan & 

Cryan, 2017; Sun et al., 2020). To support this relationship, a pre-clinical study has 

suggested that the communication between the Vagus nerve and GI tract may have 

behavioral effects integrated in the CNS which was demonstrated by means of a 

vagotomy (Bercik et al., 2011). Afferent fibers of the vagus nerve may be stimulated by 

microbiota and their metabolites, which then could be integrated into the central nervous 

system and, in return, could lead to local or systemic effects (Bonaz et al., 2018; Van Der 

Zanden et al., 2009; Warner, 2019). 

  One of the systemic effects may be hormone secretion, a function that has been 

demonstrated by a study that reported direct stimulation of the Vagus nerve from the gut 

that resulted in the secretion of hormones (Haase et al., 2018). It is thought that the gut 

microbiota can be considered an endocrine organ because of the physiological responses 

it triggers on a local and systematic level (Zhang & Davies, 2016). Tryptophan, an 

essential amino acid, is produced by specific bacteria or is exogenously consumed. 

Research has suggested three major pathways that tryptophan can take in the GI tract, and 

an important one involving 5-HT production. 5-HT (serotonin) is said to be produced by 

enterochromaffin cells (Agus et al., 2018). Data suggest that 90% of the body’s serotonin 

is in the gut rather than the brain (Agus et al., 2018; Larroya-García et al., 2019). 5-HT 

receptors found in human and animal studies may modulate gut motility, vasodilation, 

inflammation, and gut-brain signaling by activating the Vagus nerve, nutrient absorption 

rate, and platelet functions (Mawe & Hoffman, 2013). 
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Figure 3: The proposed five communicational routes of the gut microbiota-brain axis. (1-5) 
Intestinal mucosal barrier and blood brain barrier (5) is the important base for 
neuroendocrine-HPA axis pathway (2), gut immune system (3), and the gut microbiota 
metabolism system (4). Substances produced by neuroendocrine-HPA axis pathway (2), gut 
immune system (3), and the gut microbiota metabolism system (4) can enter the system’s 
circulation and brain through the intestinal mucosal barrier and the blood brain barrier 
system can play an effect on the gut microbiota. HPA = Hypothalamic-pituitary adrenal. 
Reproduced from the Chinese Medical Journal. (H.-X. Wang & Wang, 2016). 
https://journals.lww.com/cmj/Fulltext/2016/10050/Gut_Microbiota_brain_Axis.16.aspx 

 

 Additionally, the gut-brain axis is believed to play a role in the immune system 

by producing microbial-associated molecular patterns (MAMPs) and other stimulatory 

signals to activate the innate immune system (Larroya-García et al., 2019). It is believed 

that short-chain-fatty-acids (SCFA) have many roles that can range from energy balance, 

metabolism in adipose, liver and skeletal function, gut epithelial integrity, and immune 

effects that may stimulate GPCRs (G Protein Coupled Receptor), Toll-Like Receptor 2, 

and T regulatory cells (Dinan & Cryan, 2017; Haase et al., 2018; Larroya-García et al., 

2019). 
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The intestinal mucosal epithelial integrity is an aspect of the innate immune 

system that protects the body from the invasion of microbes. Evidence suggests that when 

this mucosal epithelium is weakened by stress and other factors, the exogenous bacterial 

may cause the gut to produce inflammatory cytokines (Fasano, 2012; Haase et al., 2018). 

These cytokines and other factors are said to travel through the body to the brain and can 

cross the blood-brain barrier and directly influence the brain (H.-X. Wang & Wang, 

2016a). The integrity of the mucosal epithelium may partly be due to the gut microbiota 

influencing the regeneration of the intestinal epithelial cells. Additionally, the SCFA 

metabolites are reported to help produce and nourish the mucosal layer to prevent the 

invasion of microbes and protect against the deteriorating effects of stomach acid (Bonaz 

et al., 2018; H.-X. Wang & Wang, 2016a). Thus, while the mechanism by which the gut-

microbiota-brain axis functions is still unknown, current data suggests that a bi-

communicational network impacts many bodily functions. 
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THE IMPLICATION OF THE GUT-MICROBIOTA-BRAIN AXIS FOR AUTISM 

SPECTRUM DISORDER  

 

How the Microbiome Can Change 

The microbiota is a dynamic biome and the colonization of the gut appears to 

begin at birth (Dinan & Cryan, 2017). Changes in the microbiota biome can result from 

myriad factors and a change in the biome could, additionally, impact on the health of an 

individual.  

The initial colonization seems to occur when the infant is exposed to the mother’s 

bacteria composition as the fetus passes through the birth canal (Dinan & Cryan, 2017; 

Dominguez-Bello et al., 2010; Rutayisire et al., 2016). Recent research has noted that the 

diversity and colonization of the biome can be based on whether the delivery process has 

been vaginal or cesarean (Rutayisire et al., 2016). However, no association between the 

prevalence of ASD and the mode of delivery has been reported (Curran et al., 2016). A 

change in the biome is believed to be evoked through various dynamic factors such as 

diet, stress, use of antibiotics and other drugs, illness/infections, age, geography, and 

genetics (H.-X. Wang & Wang, 2016a). It has also been suggested, in both animal and 

human studies, that the host’s genome may correlate with the composition of an 

individual’s microbiome (Bai et al, 2019; Turpin et al. 2016) 

Some research has suggested that antibiotics may have an impact on the 

composition of the microbiome in ASD. A meta-analysis has reported that a history of 

"early antibiotic exposure, either prenatally or postnatally, may be associated with ASD 
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(Lee et al., 2019). Further, Lee et al. (2019) has reported that, in a study of ASD children 

under three years of age, there appeared to be evidence of the increased use of oral 

antibiotics. 

The microbiome can change in various ways. Regarding ASD, the composition of 

the microbiome in ASD can be altered in many ways. Yet, it is unsure if the atypical 

biome that is said to exist in ASD is due to the diagnosis of ASD that may foster the 

environment for specific bacterial growth or if the lifestyle of ASD individuals fosters the 

biome formation.  

 

The Composition of the ASD Microbiome 

When comparing the microbiome obtained and analyzed from ASD individuals in 

comparison with that of neurotypical individuals, it has been suggested that there are 

increases and decreases in the particular phylum of bacteria. Figure 4 subsection a 

displays a Venn diagram that shows the composition of Operational Taxonomic Units 

(OTU), indicating the species of fecal microbiota, based on a study investigating 

differences between typically developing (TD) and ASD individuals. This study found 67 

unique OTU for ASD, 173 unique OTU for TD, and 1082 shared OTU between the two 

groups. Subsection b of Figure 4 shows significantly less richness and diversity of 

phylum in ASD than in TD.  

However, Figure 4 subsection c indicates no significant richness difference 

between genus OTU of the microbiota. In taxological terms, this study suggests that the 

broader classifications of bacteria differ more than the specific types of bacteria within 
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that phylum, which could potentially make therapeutic manipulation of the biome easier.  

Figure 5 shows the statistically significant differences of some specific bacteria 

between neurotypical without GI symptoms (NT), ASD with GI symptoms (ASD-FGID), 

and neurotypical with GI symptoms (NT-FGID). Clostridium, Lachnoclostridium, and 

Flavonifractor are those that are increased in ASD individuals with gastrointestinal 

problems, whereas Dorea, Blautia, and Sutterlla are decreased in ASD individuals with 

gastrointestinal problems. Regarding the significant differences in the biome 

composition, many specific bacteria and other species have been reported to have 

systemic implications on health. For example, Candida is a fungus that has been found to 

be statically more frequent in ASD than in neurotypical individuals. Candida has been 

reported to lead to an extensive array of infection extending from superficial mucosal 

infections to life-threatening infections. (d’Enfert et al., 2020; Uthayakumar et al., 2021). 

It is possible that Candida could contribute to the increased immune-inflammatory 

response previously mentioned.  
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Figure 4: The difference in gut microbiota per 16S rRNA data between TD and ASD children. (A) Displays the unique and shared 
number of OUT in ASD and TD. (B&C) Displays the richness in phylum and genus levels per group. Reproduced from Gut 
Microbes (Dan et al., n.d.) https://www-ncbi-nlm-nih-gov.ezproxy.bu.edu/pmc/articles/PMC7524265/  
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Figure 5 : Differences in OTUs related to specific bacteria associated with ASD were identified in the mucosal microbial 
community. Overall, an increase in Clostridiales (C lituseburense, P ¼ .002; L bolteae, P ¼ .017; L hathewayi, P ¼ .030; C 
aldenense, P ¼ .038; and F plautii, P ¼ .038) was seen in the ASD-FGID group compared with the NT-FGID and NT groups. A 
decrease in relative abundance in the ASD-FGID group was seen for D formicigenerans (P ¼.006), B luti (P ¼ .020), and Sutterella 
species (P ¼ .025). Plots depict the maximum and minimum (whiskers), upper and lower quartile limits (box), and median 
(horizontal line). Reproduced from the Cellular and Molecular Gastroenterology and Hepatology Journal (Luna et al., 2017) 
https://doi.org/10.1016/j.jcmgh.2016.11.008  
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Clostridiales have also been found to be increased in ASD, as seen in Figure 5. 

Clostridiales have been commonly implicated in irritable bowel syndrome. It has also 

been shown that Clostridiales have a role in stimulating intestinal 5-HT biosynthesis and 

releasing and modulating GI motility (Labus et al., 2019). Dorea formicigenerans, 

another bacterial species in the gastrointestinal track, has been found to have lower levels 

in ASD when compared with neurotypical individuals. Dorea formicigenerans is 

involved in mucin degradation, and therefore a decrease in this bacterium could lead to 

an imbalance of mucin in the gastrointestinal track (Vacca et al., 2020). 

It is known that bacteria can produce p-cresol from dietary tyrosine or toluene. P-

cresol has been found to be higher in children with ASD than in NT children. High levels 

of p-cresol have been shown to be associated with DNA damage in vitro as well as 

damage to the integrity of the intestinal epithelium barrier (Kang et al., 2018). P-cresol 

has been associated with ASD severity by acting as an inhibitor of certain 

neurotransmitters that require sulfonation (Sivamaruthi et al., 2020). 

Despite current data, there is not yet a signature pattern of atypical microbiome 

composition that could be considered as a biomarker for ASD. When reviewing current 

research on the composition of the microbiome in ASD, there is not an agreed consensus 

of what specific bacteria are increased or decreased It is agreed, however, that there is a 

difference in the composition the microbiome in ASD overall when compared to 

neurotypical development.  

A systemic review was conducted of 26 published studies pertaining to the 

changes in microbiome composition in the ASD population. The results of this review 
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resulted in inconsistencies of the bacteria strains that differed across all 26 studies. It is 

important to note, however, that this systemic review confirmed that there were 

'distinguishable' patterns in the change of Firmicutes, Clostridium, and Bifidobacterium 

levels (Xu et al., 2019). Thus, the inconsistent finding to date pose a significant limitation 

on delineating reliable patterns of bacterial composition in ASD. Further research will be 

needed to describe the microbiota dysbiosis more precisely in ASD. However, the similar 

‘distinguishable’ patterns of bacterial strains described lay the foundation for future 

research directed toward the identification of consistent and characteristic patterns of 

bacterial composition associated with ASD.  

 

Typical Diets of ASD and the Impact on the Microbiota  

 
It has been reported that children with ASD are five times more likely to have feeding 

problems than neurotypically developing children (Madra et al., 2020). These challenges 

include increased food selectivity and food refusal as well as decreased oral intake 

(Ahearn et al., 2001; Bandini et al., 2017). The term 'food selectivity' refers to a restricted 

intake of food that is employed by categorizing the food , such as by smell, taste or 

texture (Bandini et al., 2010). ASD individuals may also have ritualistic tendencies that 

can result in the same food being consumed consistently, potentially leading to 

inadequate nutritional intake (Chaidez et al., 2014). Figure 6 highlights the multiple 

factors that can impact on food selectivity frequently observed in ASD individuals. In 

2017, Vuong and Hsias conducted three-day nutritional interview study that focused on 

ASD children 4-8 years of age and found that the overall total caloric for these children 
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intake was low. 

 

 

 

  

Figure 6: The proportion of sensory characteristics that encompasses food 
selectivity in the ASD population. Replicated from Nutrients (Ristori et al., 
2019). https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6893818/ 
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In addition, carbohydrate intake was found to be high when compared to the 

recommended levels. Additional dietary data related to ASD subjects has been obtained 

through a cohort study. This study conducted a comparative analysis of the nutritional 

intake of 53 ASD individuals versus that of 58 neurotypical individuals. Children 

receiving any specific dietary restrictions were excluded. The results from the study are 

shown in Table 1 and Table 2. Out of all the ASD children, all but one had inadequate 

fiber intake. 12 ASD children were found to have inadequate intake of 5 or more 

nutrients. Table 1 illustrates the degree of food selectivity and the height of refusal rates 

found in ASD when compared to neurotypical children, p-value <. 0001. Table 1 

addresses how ASD children tend to eat a limited number of foods and the fact that the 

specific food is eaten at a much higher rate per day. Table 2 illustrates the evidence for 

decreased nutritional intake in ASD children compared to neurotypical developing 

children (p=0.03) (Bandini et al., 2010). 
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* P value is for difference between children with ASDs and typically developing children.  
†For food refusal, minimum, median, maximum, number of foods refused for typical children was 0, 16, 79, and for children with ASDs 
was 1, 47, 94. The minimum, median, and maximum percent of foods refused of those offered was 0%, 14%, 62% for typical children 
and 1%, 41%, 74% for children with ASDs.  
 
‡Number of foods will not eat of those offered is the percentage of foods that the child would not eat relative to the number of foods that 
were offered.  
 
§Food repertoire was the number of foods eaten over a three-day period.  
 
∥ Number of children eating a food more than 4.5 times a day 
(Herman & Herman, 2022) https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2936505/pdf/nihms179410.pdf

Table 1 Food Selectivity in Children with ASD and typically developing children.  
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* EAR is estimated average requirement  
† AI is adequate intake ‡ 7 children (5 with ASDs, 2 typical) did not have complete 3-day food 
records and are not included in this table.  
§ P values are for differences between children with ASDs and typically developing children.  
∥ P value is from a Fisher’s exact test with 11 degrees of freedom 
(Herman & Herman, 2022) 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2936505/pdf/nihms179410.pdf  

Table 2 :Frequency of nutrient inadequacy in children with autism spectrum disorders 
and typically developing children. 
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Another study conducted on the food selectivity of ASD children found that the 

typical ASD diet contained fewer fruits and vegetables (Bandini et al., 2017). In addition, 

this study reported an inverse relationship between decreased fruit/vegetable 

consumption and increased overweight/obesity prevalence in ASD (Bandini et al., 2017). 

While there is a decrease in fruit and vegetable consumption, it has been found that ASD 

children eat energy-rich foods such as cakes, fries, peanut butter, and pasta, all of which 

can further increase the risk of overweight/obesity (Liu et al., 2016). As stated 

previously, obesity can have a negative effect negative on the gut microbiome 

composition. Given the present data, it can be hypothesized that the difference in diet and 

increased risk of obesity could lead to downstream effects in the difference in 

microbiome diversity in ASD rather than the taxonomic difference caused by the ASD 

diagnosis per se(Yap et al., 2021). Alternatively, it has been demonstrated that the CNS 

has pathways that control the intestinal epithelial lining and motility which, in turn, may 

alter the gut microbiome composition (Sivamaruthi et al., 2020). Thus, dysregulation of 

the CNS in ASD may have an impact on the microbiome and gut biome dysbiosis. 

 

Impact of Vitamin D Deficiency in ASD 

Per the Table 2, with a p<0.05 to show a 95% confidence interval, ASD 

individuals are more likely to have a nutrient deficiency in vitamin A, vitamin D, and 

calcium. Vitamin D also plays a role in regulating calcium absorption and excretion, so 

the low vitamin D could explain why calcium is low (Calcium and Vitamin D 

Combination Uses, Side Effects & Warnings, n.d.). It is to be found that vitamin D and 
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the vitamin D receptor have a role in the regulation of the microbiome. It should be noted 

that, however, the knowledge of the biological function and mechanism of the 

relationship between vitamin D and the receptor is still limited. Nevertheless, research 

has stated that people who have Crohn's disease can have a vitamin D deficiency that can 

contribute to the pathogenesis (Koh et al., 2016; Mostafa & Al-Ayadhi, 2012). 

Autism has a unique gut disorder related to Crohn's disease which is prevalent in 

the community called autistic enterocolitis (Pulikkan et al., 2019). Autistic enterocolitis is 

characterized by chronic inflammation and lymph node hyperplasia (Sivamaruthi et al., 

2020). Therefore, it could be concluded that gastrointestinal abnormalities that exist in 

the ASD population can be derived from the atypical microbiome that exists because of 

the repercussions of lack of vitamin D from the food selectivity.  

Upon further exploration, it was found that vitamin D, besides may fostering 

autistic enterocolitis, can have a more prominent role in ASD development and 

symptomology. The effects of vitamin D have been seen to have implications in ASD 

before food selectivity. A study found that a higher serum concentration of precursors of 

vitamin D, 25-hydroxyvitamin D (25(OH)D) in utero or early life may reduce the risk of 

autism (Mostafa & AL-Ayadhi, 2012; Saad et al., 2016). Also, a study found that serum 

25(OH)D levels had an inverse relationship to the degree of severity of ASD (Mostafa & 

AL-Ayadhi, 2012). Lastly pertaining to vitamin D, a case-controlled cross-sectional study 

was conducted with 122 ASD children to assess vitamin D levels. The results concluded 

that 57% had vitamin D deficiency, and 30% had vitamin D insufficiency. 

More investigation occurred for 83 ASD subjects with a serum level of 25(OH)D 



	

	

23 

less than 30ng/ml. For reference, Harvard Health has stated that children and adults 

require a serum level of 25(OH)D at a minimum is 30ng/mL, but that the recommended 

range is 40 to 60ng/mL (Tello, 2020). The study participants received 300 IU/kg/day of 

vitamin D supplements. The outcomes of the 25(OH)D deficient population on 

supplements included decreased ASD symptoms based on increased positive outcomes 

on the Childhood Autism Rating Scale (CARS) (Saad et al., 2016).  

Also, like vitamin D, there was an inverse relationship between vitamin A levels 

and the severity of autism (Liu et al., 2016). Vitamin A has also been seen to be involved 

in the regulation of microbiota. Vitamin A regulates the central nervous system through 

retinoic acid the active metabolite that promotes intestinal immunity and the maintenance 

of the mucosal epithelial barrier in the GI system (Cassani et al., 2012; McCullough et 

al., 1999). The gut permeability is altered by microbiota dysbiosis (Martel et al., 2022). 

The gut epilethium acts as a line of defense against pathogens and metabolites. However, 

increased gut permeability, 'leaky gut,' is partly caused by increased bacterial metabolites 

and inflammation cytokines (Fasano, 2012; Fowlie et al., 2018; Obrenovich, 2018).  

A normal epithelium barrier has tight junctions to inhibit the trans/paracellular 

motility. However, in a leaky gut, the tight junctions are degraded (Fasano, 2012). The 

result of a leaky gut can allow for bacteria, toxic metabolites, bacterial toxins, and small 

molecules to leak from the GI tract into the bloodstream, causing a weakened innate 

immune barrier (Obrenovich, 2018). When the integrity of the gut barrier is harmed, it 

can further impact on other autoimmune, metabolic, and mental health disorders (Martel 

et al., 2022). A nationwide population-based study was conducted (n=1596) to 
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investigate the association between ASD and autoimmune diseases. The results supported 

the association between allergic diseases (asthma, allergic rhinitis, atopic dermatitis, and 

urticaria) and autoimmune diseases (type 1 diabetes and Crohn's diseases) with ASD as a 

comorbidity.  

Decreased vitamin A levels can impact the mucus and epithelium lining to further 

the leaky barrier in ASD. However, the exact underlying mechanism of the implications 

of vitamin A to further ASD symptomology or the leaky gut remains unspecified.  

 

The Gastrointestinal Abnormalities in ASD and the Impacts on Behavior 

Gastrointestinal Symptoms in ASD 

In addition to symptoms of impairments in communication, social interaction, and 

stereotyped repetitive behaviors, research conducted on 760 children with ASD (24 to 60 

months of age ) has found that ASD children are six to eight times more likely to 

experience gastrointestinal disorders than neurotypical children (Chaidez et al., 2014; 

Fulceri et al., 2016). Gastrointestinal disorders can include diarrhea, constipation, 

bloating, and Gastroesophageal Reflux Disease, GERD (Ristori et al., 2019). In addition, 

it has been reported that these gastrointestinal dysfunctions are pathologically 

characterized by an increased intestinal concentration of cytokines, IgG autoantibodies, 

monocytes, natural killer cells, eosinophils, and lymphocytes (Robinson-Agramonte et 

al., 2022).  

There is now evidence that ASD children who experience gastrointestinal 

disturbances, display increased evidence of severe anxiety, irritability, and social 
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withdrawal compared with those without gastrointestinal disturbances (Sun et al., 2020). 

Therefore, increased negative behaviors seen in some ASD children may, in some cases, 

be associated with gastrointestinal problems. Supporting this observation is the fact that 

ASD children with GI symptoms have been found to have a higher post-stress cortisol 

level, indicating a greater risk of anxiety (Madra et al., 2020). 

A study was conducted by the Thompson Center for Autism & 

Neurodevelopmental Disorders in Columbia, Missouri. This study included 340 

children/adolescents with ASD ranging from two to eighteen years of age. The analyzed 

variables were obtained from questionnaires that asked about dietary problems, 

nutritional problems, GI symptoms, and internalizing and externalizing symptoms. The 

results of this study demonstrated that 65% of these children experienced constipation, 

47.9% experienced stomach pain, 29.7% experienced diarrhea, and 23.2% experienced 

nausea. It was also found that younger children with ASD and gastrointestinal 

disturbances were more likely to demonstrate aggressive problem behaviors (Ferguson et 

al., 2019). 

Additional data from this study showed that older ASD children tended to exhibit 

more internalized symptoms such as anxiety and withdrawn behavior (Ferguson et al., 

2019). As a result, it can be concluded that gastrointestinal disturbances can have 

different adverse behavioral and relational effects at varying ages.  

An additional study, conducted on preschoolers, focused on the potential 

association between GI symptoms and behavior (Fulceri et al., 2016). Results indicated 

that ASD children with GI symptoms had statistically more anxiety problems, somatic 
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complaints, and externalizing symptoms than ASD children without GI problems. When 

comparing the ASD group to the neurotypical developing (NT) control group, there was 

no difference in the behavioral problems between NT with GI symptoms and NT without 

GI symptoms (Fulceri et al., 2016).  

Gastrointestinal disturbances have been commonly found in ASD have been 

linked to abdominal discomforts that can negatively impacted sleep. In fact, comorbid 

sleep abnormalities affect as high as 80% of ASD children (Fulceri et al., 2016; Madra et 

al., 2020; Ristori et al., 2019). Additionally, there have been reports of increased gut 

biome dysbiosis in association with sleep fragmentation and loss due to bacterial 

metabolites dysregulating circadian rhythm transcription factors (Matenchuk et al., 2020). 

Therefore, the combination of abdominal discomfort and the dysregulation of circadian 

transcription can exacerbate the sleep disturbances that ASD patients experience.  

Research has shown that disordered sleep can increase the severity of ASD 

symptoms, including, but not limited to, stereotypical behaviors, social impairment, 

aggression, and self-sustained injurious behavior (Singh & Zimmerman, 2015). A study 

was conducted to evaluate the correlation between gut microbiota and sleep disorders in 

children. In this study, 120 ASD children were divided into the sleep disorder group 

(n=60) and a control non-sleep disorder group (n=60). The metrics used in this study 

included questionaries to assess autism symptoms and evaluate sleep problems as well as 

the use of Illumina MiSeq analysis of 16S rRNA genes that allowed the researchers to 

assess the microbiome composition of the ASD children. The results indicated that the 

bacteria composition of the two groups was distinct, and the core symptoms of ASD were 
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more severe within the sleep disordered group (Hua et al., 2020). The results can be seen 

below in Figure 7. Figure 7A shows that the predominant phyla in the ASD group with 

sleep disorders and the predominant phyla in the ASD group without disordered sleep 

show no significant difference (p>0.05). Figures 7B and 7C show differences within the 

bacteria's genera, explicitly noting that the Faecalibacterium and Agathobacter are 

statistically lower in the non-sleep disorder ASD group. Figure 7D displays those three 

main bacteria metabolites that are found to differ between the groups. In addition, levels 

of 3-hydroxybutyric acid and melatonin were found to be lower in the sleep disorder 

group, whereas serotonin levels were higher in the sleep disorder group.   
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Figure 7 : The relative abundance of bacteria in feces and metabolites from ASD children with 
and without sleep disorders.  

(A) Displays the dominant bacteria phyla with the relative abundance over 1%  

(B) Displays the dominant bacteria genera with the relative abundance over 1%.  

(C) Displays the difference in Faecalibacterium and Agathobacter abundance relative to the two 
groups at the genus level.  

(D) Displays the three main difference in metabolites between ASD children with and without 
sleep disorders.  

(* p<0.05, T test and Mann-Whitney test) 

 Adapted from Frontiers in Psychiatry’s The Gut Microbiota and Associated Metabolites Are 
Altered in Sleep Disorder of Children With Autism Spectrum Disorders. (Liu et al., 2016)  

C 
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This study also explored the relationship between metabolites and bacteria levels. 

Findings indicated that “3-hydroxybutyric acid levels were positively correlated 

with Faecalibacterium abundance (rs = 0.382, p = 0.000) as was the melatonin level with 

both Faecalibacterium (rs = 0.197, p = 0.036) and Agathobacter (rs = 0.192, p = 0.041) 

abundance. The 3-hydroxybutyric acid level was positively associated with melatonin 

level (rs = 0.782, p = 0.000)” (Hua et al., 2020).  

Faecalibacterium is an anaerobic bacterium that is one of the most abundant 

species in the human intestinal microbiome and comprises around 5% of the total bacteria 

in feces. It has been widely reported that changes in the Faecalibacterium genus are 

related to metabolic and intestinal diseases. One of the metabolites produced 

by Faecalibacterium is short-chain fatty acids which help maintain the integrity of the 

gut's epithelium. The more profound importance of this metabolite will be elaborated on 

further in the next section. Furthermore, Agathobacter is a gram-positive bacterium that 

produce butyrate, acetate, hydrogen, and lactate through fermentation (Rosero et al., 

n.d.). The role of butyrate is to provide energy to the intestinal epithelium, to help 

maintain homeostasis in the microbiome colonies, and to inhibition of inflammation 

(Hamer et al., 2008). However, in ASD individuals, it is reported that the average level of 

butyrate is low (Hua et al., 2020). Thus, the conclusion from this data suggests that the 

change in the microbiome can cause gastrointestinal disorders by increased inflammation 

and decreased epithelium integrity, leading to sleep disturbances by the decreased 

presence of certain bacteria metabolites.  

These negative behaviors associated with GI problems can negatively impact the 
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way of life for ASD individuals. Thus, it can be proposed that addressing the 

gastrointestinal disturbances associated with ASD can mitigate and relieve the painful 

symptoms while helping improve the way of life in these individuals and help to ease the 

impact on caregivers of the ASD individuals. As stated previously, ASD affects a 

growing number of children in the United States diagnoses. Of these children, it is 

estimated that43% suffer from gastrointestinal disturbances, and up to 80% of ASD 

children suffer from sleep disorders (Chaste & Leboyer, 2012; Singh & Zimmerman, 

2015). Therefore, it is pivotal to help address and deepen the existing breadth of 

knowledge to help this population of children.  

 

Gut Permeability, the Vagus Nerve, and Immune Dysregulation in ASD.  

 
The gut-microbiota- brain axis allows the bacterial environment to influence the 

CNS. Consequently, as seen in ASD, the GI system's increased permeability may lead to 

a leaky gut and an increased risk for the autoimmune disorders and chronic inflammation 

due to the increased presence of cytokines (Bruce-Keller et al., 2018; Vuong & Hsiao, 

2017). The leaky gut is due to the disruption of the tight junctions, the connector between 

epithelial cells that regulate paracellular transport (Zoccante et al., 2022). Evidence 

suggests that one plausible explanation is due to genetic abnormalities in tight junction 

gene expression in ASD, not the alteration of the gut bacterial flora (Robinson-

Agramonte et al., 2022). Again, vitamin A could be another explanation of the leaky gut. 

The leaky gut can allow neurotoxins and cytotoxins to enter the bloodstream, affecting 
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neurotransmitters' functions in the brain. Thus, abnormal behaviors, such as those seen 

with ASD, can become apparent (Sivamaruthi et al., 2020). 

To help maintain the integrity of the intestinal barrier, short-chain fatty acids 

(SCFA) play a crucial role (Warner, 2019). SCFA are produced by the gut microbiota, 

specifically Lactobacillus and Bifidobacterium (Al-Ayadhi et al., 2021; H.-X. Wang & 

Wang, 2016b). Lactobacillus and Bifidobacterium have been reported to enhance the 

prevalence of tight junctions that maintain intestinal permeability (Al-Ayadhi et al., 

2021). However, individuals with ASD have been found to have lower levels of SCFA 

(Adams et al., 2011). 

Furthermore, SCFA include fermented undigested carbohydrates metabolites that 

are most commonly 1. Acetate 2. Propionate or 3. Butyrate (Warner, 2019). It is 

suspected that SCFA, like those from the intestinal microbiota, are involved in immune T 

cell regulation and naïve T cell differentiation into Th1 or Th17 to increase an immune 

response. Within the immune system, studies have reported an imbalanced ratio of T 

helper cells to T suppressor cells in ASD, which may lead to an increased risk of 

autoimmune diseases (Robinson-Agramonte et al., 2022). Th17 cells secrete IL-17A, 

which is involved in numerous autoimmune and neuroinflammatory diseases, including 

autism (Lammert et al., 2018). 

Additionally, it has been found that SCFA can cross the blood-brain barrier and 

influence central nervous system (CNS) activity, such as the maturation of resident CNS 

macrophages, and the microglia (Erny et al., 2015). Autopsied cerebellum and cerebral 

cortex of ASD patients have shown more microglia and astroglia, plus proinflammatory 
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cytokines in the cerebrospinal fluid (Vuong & Hsiao, 2017). Pre-clinical studies in mice 

propose that the gut microbiome can influence the blood-brain barrier and that cytokines 

reduce the integrity of the blood-brain barrier and lead to neuroinflammation (Al-Ayadhi 

et al., 2021). As previously mentioned in the latter section, Faecalibacterium, the bacteria 

associated to be negatively correlated with sleep disturbances in the ASD population, have 

low levels of SCFA, and Faecalibacterium secretes compounds such as salicylic acid that 

are anti-inflammatory compounds (Leylabadlo et al., 2020). The decrease 

in Faecalibacterium could help explain why there are more sleep and gut disturbances in 

ASD and why there is a systemic inflammatory effect in ASD.  

Current literature suggests that SCFA in the gut can stimulate the Vagus nerve's 

afferent fibers to be integrated into the CNS (Bonaz et al., 2018). Interestingly, vagal 

activity can be a protective mechanism for the intestinal epithelial barrier. Consequently, 

low vagus activation and stimulation may lead to increased leakiness, producing 

systematic inflammation (Bonaz et al., 2018; Van Der Zanden et al., 2009). Systemic 

inflammation is consistent with the increased proinflammation cyto/chemokines: Ilβ, IL-

17, IL-6, IL-5, IL-12, TNFα, and TGFβ (Robinson-Agramonte et al., 2022; Vuong & 

Hsiao, 2017). IL-6 has also been positively associated with ASD severity as well as social 

and cognitive deficits (Robinson-Agramonte et al., 2022). Additionally, IL-6 has 

additionally been seen in mucosal biopsies obtained from ASD children with abdominal 

pain and discomfort (Luna et al., 2017). In ASD, gram-negative bacteria have been 

discovered to increase the production of LPS and proinflammatory cytokines, which in 

return cause disruption of the gut-brain axis (Al-Ayadhi et al., 2021).  
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 The disrupted communication of the gut-microbiota-brain axis from the atypical 

inflammation immune response has been reported in ASD’s GI and systemic 

disturbances. Likewise, the disruptive immune response has been associated with 

increased depression and anxiety, which can worsen the behavior in ASD (Sun et al., 

2020).  

Regardless, with this dysbiosis in the gut microbiota, it is hard to say if the change 

in bacteria composition of ASD patients leads to the aberrant immune responses or if the 

composition of bacteria is a result of ASD's immune dysregulation. 

 

Neurotransmitters Modulated by Bacterium in ASD.  

 
Many neurotransmitters have been modulated by the expressed concentration of 

microbes and their metabolites (Xiao et al., n.d.). On a biochemical level, some 

neurotransmitters contribute to the onset and the progression of ASD, including 

dopamine, serotonin, GABA, Acetylcholine, glutamate, and histamine (Eissa et al., 

2018). As previously mentioned, tryptophan is an essential amino acid that can be 

produced by specific bacteria and lead to the production of 5-HT/serotonin. In ASD 

patients, the plasma and fecal metabolism of tryptophan is abnormal. Furthermore, a 

correlation between altered levels of tryptophan and gut dysbiosis in ASD has been 

observed (Xiao et al., n.d.). 5-HT is known to be a critical modulator of the enteric and 

central nervous system development. Previous studies have reported that ASD children 

had elevated 5-HT compared to NT children (Dan et al., n.d.).  
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Bifidobacterium is a bacterium that has been reported to produce GABA, an 

inhibitory neurotransmitter (McCormick, 1989). An evaluation of a meta-analysis of nine 

studies with a population of 254 ASD patients investigated the gut microbiota and 

reported that the level of Bifidobacterium was lowered in the ASD population (Xu et al., 

2019). A review of the motor cortex in ASD patients revealed that a GABAergic 

reduction function might lead to an excitation and inhibition imbalance that can cause the 

pathophysiology symptoms of ASD (Masuda et al., 2019). If Bifidobacterium produces 

GABA and is a bacterium that is typically reported lower in ASD, then the excitation and 

inhibition disparities of the pathophysiology symptoms may be linked to the bacteria 

difference.  

Additionally, Bifidobacterium produces SCFA and GABA, both being involved in 

pathways that exacerbate the symptomology of ASD and pathophysiology, respectively. 

Thus, increasing the concentration of this bacteria and targeting the neural circuits related 

to GABA could be evaluated to investigate if any promising therapeutic results may be 

suggested (Dan et al., n.d.; Masuda et al., 2019). A study reported by the International 

Society for Autism Research used magnetic resonance spectroscopy to measure GABA 

and glutamate, an excitatory neurotransmitter and reported data that demonstrated 

comparable levels in all brain regions to NT (Kolodny et al., 2020). However, since there 

are contradicting statements within the ASD data, further research is needed to 

investigate the role of the GABA inotropic receptor that leads to excitation and inhibition 

imbalance or if Bifidobacterium produces a different isotype of GABA.  
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CURRENT THERAPEUTICS FOR ASD INVOLVING THE MICROBIOME 

 

The Introduction to ASD therapeutics 

When discussing ASD, there is no cure. Intercurrent co-morbid aspects of ASD 

are what most pharmaceutical interventions target, which include antipsychotics, 

antidepressants, and psychostimulants (Eissa et al., 2018). Since ASD is on a spectrum 

and the etiology is complex and unknown, designing a fundamental biomedical 

intervention to address the physiology is intricate and complex, and there is not yet a 

successfully proposed drug target mechanism.  

Besides pharmacological approaches for treating ASD, there are behavioral 

treatments called applied behavior analysis (ABA) that focuses on promoting behaviors 

to improve life, social, and educational skills (CDC, 2022a). While these are current 

therapeutics, this thesis will analyze other therapeutics that manipulate the gut 

microbiome to help alleviate co-morbid symptomologies of ASD.  

 

Microbiome ASD Therapeutics 

Fecal Transplants 

The discovery of the gut-microbiota-brain axis has stimulated a surge of research 

studying the microbiome's implication on health and disease, as in this case, autism. 

Therefore, some modern therapeutics have been focused onto targeting and manipulating 

the gut microbiome. 

One potential therapeutic approach has been fecal microbiota transplants, FMT. 
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Interestingly, the history of FMT dates back to the 4th century but has been a prominent 

research topic since 2013, when the FDA approved FMT for treating Clostridium 

infections (J.-W. Wang et al., 2019). Besides being potentially therapeutic for ASD, FMT 

research has been investigated in other diseases, such as Crohn's, Parkinson's, 

Alzheimer's, depression, epilepsy, multiple sclerosis, psoriasis, anorexia nervosa, and 

some cancers (Antushevich, 2020).  

The overall goal of FMT is to introduce healthy bacteria and normalize the 

composition of the recipient's microbiota. Consequently, the new biome will relieve the 

GI symptoms and subsequently improve core ASD symptomology. The sequence of 

events and mechanism of an FMT is illustrated in Figure 8. First, fecal matter from a 

screened, healthy donor is placed into a child with ASD via the route nasoduodenal, 

colonoscopy, or an enema. The most suggested route is colonoscopy. After the insertion 

of feces, an anti-diarrheal pill is given so that the new microbiota stays in the recipient for 

as long as possible to ensure the transfer (Fecal Transplant, n.d.; Fecal Transplant, 2022; 

Xiao et al., n.d.). The transfer of new microbes into the recipient has a usual success rate 

of around 90% (Fecal Transplant, n.d.).  

A small, open-label clinical trial evaluated the FMT's impact on 18 ASD patients. 

During this 7–8-week trial, a decrease of roughly 80% of the GI symptoms was reported, 

derived from the Gastrointestinal Symptom Rating Scale, GSRS. ASD-related behavior 

following FMT were said to improve as seen through the scoring of the PGI-II test 

(evaluates 17 ASD-related symptoms), SRS test (assesses social skill deficits), ABC test 

(evaluates irritability, hyperactivity, lethargy, stereotypy, and aberrant speech), and 
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VABS-II test(evaluates adaptive behaviors such as communication, daily living skills, 

and socialization) (Kang et al., 2017). In addition, the overall diversity composition 

increased, including, more specifically, the abundance of Bifidobacterium, Prevotella, 

and Desulfovibrio (Kang et al., 2017). The same small, open-label clinical trial then re-

evaluated the participants after two years to see if the biome change and symptoms were 

still present. In the long term, there was a 58% reduction in GSRS ratings relative to 

baseline. In addition, the CARS rating during the initial trial suggests that 83% of the 

participants had severe ASD. However, after the two years, only 17% were severe, 39% 

mild to moderate, and 44% were below the ASD diagnostic cut-off. In addition, 16 of the 

18 patients gave a fecal sample, and the results were that most participants had a higher 

microbiota diversity compared to baseline after the year mark (Kang et al., 2019). 

Nevertheless, the study remarked that using antibiotics, such as vancomycin and 

phytochemical sulforaphane, reversed the benefit of the FMT (Kang et al., 2019).  

There could be a reduction in ASD symptomology and GI disturbances because of 

the reduced harmful metabolites and less mucosal activation that results in the immune 

response. A study evaluated the immune response of FMT in patients with colitis. The 

results showed a significant reduction in CD8+ T cell density and a relative increase of 

regulatory T cells and CD4+ T cells, reducing the inflammatory response (Y. Wang et al., 

2018). While this study was just for colitis, it can apply to ASD. In a previous section, it 

was discussed about the immune implications of ASD and the increased inflammatory 

responses. Therefore, this can be another mechanism that can be explicitly evaluated to 

see the associations FMT can have on ASD immune-inflammatory response. 
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Figure 8: The sequence of fecal microbiota transplants. Created by Lauryn Brasch via 
BioRender. (Fecal Transplant, n.d.; Fecal Transplant, 2022) 
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Animal models are being utilized too to see the efficacy of ASD and FMT. One 

study evaluated the effectiveness of FMT on gut microbiota in a propionic acid rat model 

of autism. The propionic acid shrunk the diversity of the gut microbiome to try to make it 

comparable to ASD. It was reported that after the treatment use of FMT, the social 

impairments and the composition of the microbiome increased (Abujamel et al., 2022).  

A meta-analysis of current human FMT studies concerning neurological disorders 

noted an open label, randomized, controlled study with 24 FMT ASD and 24 controlled 

non-FMTASD patients. The results showed an initial improvement in both ASD 

symptoms and GI symptoms but reported that the improvements in the symptoms were 

only temporary (Vendrik et al., 2020). 

While human-based studies showed positive results for FMT and ASD, the 

sample sizes were small, and the first listed ASD FMT study had no control present and 

therefore are limitations, yet is a topic where future research is needed. A double-blind 

placebo study with a large ASD population must-see true efficacy and long-term effects. 

A promising insight into future research was a June 2021 article that searched on 

clinicaltrials.gov and reported that there are currently 13 FMT investigational studies to 

evaluate further the efficacy of the transfers in ASD (Tan et al., 2021). With these 

increased investigational studies, meta-analysis can be completed to see the feasibility, 

effectiveness, and safety of FMT on ASD individuals to see if this therapeutic action is 

beneficial. Overall, it can be seen throughout modern research that FMT relieves ASD GI 

abnormalities symptoms and reduces core symptomology. While the validity and 

reliability of the normalization of these effects in the ASD population are limited, further 
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investigation is needed so that there is a greater acceptance of integrating FMT into ASD 

therapeutic plans. 

 

Probiotics and Prebiotics  

The definition of a prebiotic was first most accurately described by Gibson and 

Roberfriod as" a non-digestible food ingredient that beneficially affects the host by 

selectively stimulating the growth and/or activity of one or a limited number of bacteria 

in the colon" (Prebiotics and Probiotics in Digestive Health - ClinicalKey, n.d.). That 

was a widely used definition in 1995. However, in 2016 the International Scientific 

Association for Probiotics and Prebiotics altered the definition to "a substrate that is 

selectively utilized by the host microorganism conferring health benefit" (Probiotics, 

n.d.). The International Scientific Association for Probiotics and Prebiotics and the Food 

and Agricultural Organization of the World Health Organization both define a probiotic 

as "a live microorganism which when administered in adequate amounts confer a health 

benefit on the host" (Probiotics, n.d.). In layman's terms, a critical difference between the 

two is that a probiotic is a living microorganism that is selectively introduced to increase 

that strain’s concentration in the gut. 

In contrast, a prebiotic is abiotic to stimulate the growth of preexisting microbes 

in the GI tract. The most widely used method for manipulating the gut microbiome is 

probiotic therapy. Modern literature has shown that probiotics can cause bacteria and 

other microorganisms to accumulate genetic mutations that turn harmfulness into 

usefulness (Antushevich, 2020). Both prebiotic and probiotic use is being investigated to 
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help ASD core symptomology and GI disturbances. When browsing current literature on 

prebiotics and probiotics, there are many studies but some conflicting but common, 

comprehensive findings. In Table 3, 13 study findings involve prebiotics and probiotics 

and the impact on behavior or GI symptoms. 

 
Table 3: Systemic review of modern literature to evaluate the effectiveness of probiotics and 
prebiotics in ASD. 

Subject 
Population 

Study design 
specifics 

Probiotics or 
Prebiotic 

Dose& 
Duration 

Key Results 

ASD children1 
(4 - 16 y.o.)  

Double blind, 
placebo 

controlled, 
cross over 

Lactobacillus 
plantarum 
WCSF1 

4.5 × 10^10 
CFU 1xday 
for 3 weeks 

↑ Enterococci and 
Lactobacilli group. ↓ 

Clostridium. 
Improved stool 

consistency. 
Improvement in 
ASD behaviors. 

ASD children2 
(2 - 9 y.o.) 

Prospective, 
open label, 
controlled 

Lactobacillus, 
Bifidum bacteria, 

and 
Streptococcus 

One capsule 
of “Children 
Dophilus” 
3xday for 4 

m.o 

Positive gut-brain 
effects, reduced 

inflammation, and 
normalized bacteria 

ratios 

ASD children3 
(4 - 10 y.o.) 

Randomized, 
non-control 

study 
Strain Rosell-11 

5 × 10^9 
CFU/g 

2xday for 2 
m.o 

Improvement in 
concentration and 
carrying out orders 

 
1 Parracho, H. M. R. T., Gibson, G. R., Knott, F., Bosscher, D., Kleerebezem, M., & McCartney, A. L. 
(2010). A double-blind, placebo-controlled, crossover-designed probiotic feeding study in children 
diagnosed with Autism Spectrum Disorders. International Journal of Probiotics and Prebiotics, 5(2), 

69–74. Retrieved June 5, 2022, from 
https://www.proquest.com/openview/37c94a7a51197eda67d4fad3b5a8431f/1?pq-
origsite=gscholar&cbl=136102 
2 (Tomova et al., 2015) 
3 (Kałużna-Czaplińska & Błaszczyk, 2012) 
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ASD child4 
(12 y.o.) 

Case study, 
10 month 
follow up 

B. longum, B. 
infantis, 

Lactobacillus 
acidophilus, L. 
plantarum, L. 
paracasei, L. 
bulgaricus, L. 

delbrueckii 
subsp, S. 

thermophilus, S. 
salivarius subsp 

VSL#3 for 5 
m.o 

Improvement in 
ASD symptoms, 

reduced 
the severity of 

abdominal 
symptoms 

ASD Children5 
(2 - 8 y.o.) 

A double 
blind, 

placebo-
controlled, 

combination, 
intervention 

study 

Bifidobacterium 
infantisBi-26, 
Lactobacillus 

rhamnosusHN00
1, 

Bifidobacterium 
lactisBL-04, 
Lactobacillus 

paracaseiLPC-37, 
and fructo-

oligosaccharide 

10^10CFU/p
ack/day and 

fructo-
oligosacchari

de (FOS) 

bacterial taxonomy 
showed no 
significant 

variations between 
groups. ↑ levels of 

isobutyric acid, 
valeric acid, 

isovaleric acid and 
caproic acid. ↓ in 

severity of autistic 
symptoms. ↑ levels 
of Bifidobacterial 
and B. longum. 

↓levels of 
Clostridium and 
Ruminococcin 

ASD children6 
(2-11 y.o.) 

randomized, 
double blind, 

controlled 
trial of 

combination 
treatment 

Bifidobacterium 
infantis, prebiotic 
oligosaccharides 

(bovine 
colostrum 
product) 

50g of 
bovine 

colostrum 
2xday & 20 
billion CFU 

1xday, 4 
weeks 

↓ GI pain and 
symptoms. 

Improved stool 
consistency. ↓ 

aberrant behaviors. 
↓ in IL-13 and TNF-

α production. 
↓lethargy 

 
4 (Grossi et al., 2016) 
5 (Y. Wang et al., 2020)  
6 (Sanctuary et al., 2019) 
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ADHD and 
Asperberger's7 

(AS) 

Longitudal 
study. 

Children's gut 
microbiota 

was evaluated 
at 3wk, 3, 6, 
12, 18, 24 

m.o, and 13 
years old. 

Lactobacillus 
rhamnosus GG N/A 

probiotics reduce 
the risk of the 

development of 
ADHD and AS. Not 
directly associated 
with gut microbiota 

composition. No 
constant microbiota 

composition was 
distinctive in 

children with or 
without neuro-

psychiatric 
disorders. 

ASD Children8 
(5-10 y.o) 

Randomized 
controlled 

study 

prebiotic 
galactooligosacch

aride (B-GOS) 

B-GOS 
orally 

↑ bifidobacterial 
populations. 

Significantly altered 
short-chain fatty 

acid production. ↑ of 
acetate and butyrate. 

↓ propionate 

ASD Children9 
(4 - 11 y.o) 

randomized, 
placebo trial 

prebiotic B-GOS 
and exclusion 

diets: gluten and 
casein free diets 

B-GOS 
orally 

exclusion diet: ↓ 
abdominal pain and 
bowel movement. 

B-GOS intervention: 
improvements in 

anti-social behavior 

ASD 
Children10 (5 - 

9 y.o) 

prospective, 
open-label 

study 

Lactobacillus 
acidophilus, 

Lactobacillus 
rhamnosus and 
Bifidobacteria 

longum 

100×10^6 
CFU 1x day 
for 3 months 

↓ body weight. ↓ 
gastrointestinal 

symptoms. 
Improvements in the 

severity of autism 

342 Mothers 
and their 
children11 

randomized, 
placebo-

controlled 
trial 

Lactobacillus 
rhamnosus strain 

HN001, 
Bifidobacterium 
animalis subsp. 

Mother- 35 
weeks to 6mt 

(breast 
feeding). 
Infant to 

no significant 
differences in the 
neurocognitive 

outcomes 

 
7 (Pärtty et al., 2015) 
8 (Grimaldi et al., 2017) 
9 (Grimaldi, R., et al. (2018).  
10 (Shaaban et al., 2018) 
11 (Slykerman et al., 2018) 
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lactis strain 
HN019 

birth to 2 
years 

ASD 
children12 (3 - 

16 y.o) 

Prospective, 
open-label, 
controlled 

Lactobacillus 
acidophilus, 

Lactobacillus 
casei, 

Lactobacillus 
delbrueckii, 

Bifidobacteria 
longum, 

Bifidobacteria 
bifidum 

3xday for 21 
days 

↓Bifidobacteria and 
Lactobacillus . 

↓TNF-α 

ASD 
individuals 
13(3 - 25 y.o) 

randomized, 
double-blind, 
and placebo-

controlled 
study 

Lactobacillus 
plantarum PS128 
and Syntocinon® 
Spray (Oxytocin) 

6×10^10 
CFUs 2xday 

↓ASD core socio-
behavioral 

symptoms. ↑gut 
microbiome 

composition. ↓ GI 
symptoms. ↓ serum 

inflammatory 
markers 

 

As seen in Table 3, many studies have used the fundamental aspects of probiotics 

and prebiotics to alter the biome to help ASD symptoms. Many studies have seen just 

that; however, one study that gave pregnant mothers and infants up to 2 years of a 

probiotic did not see a difference in the prevalence of neurocognitive disorders 

(Slykerman et al., 2018). Another study did see a difference in the prevalence of ADHD 

(Attention deficit hyperactivity disorder) and Asperger's Syndrome, a non-DSM-5 

disorder that is considered on the autism spectrum, diagnosed with the use of probiotics. 

However, the mechanism is not related to the microbiome's composition since there was 

 
12 (Ng et al., 2019) 
13 (Kong et al., 2021) 
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not a distinct constant difference that was spotted in the age groups that were liked to 

neither ADHD nor ASD (Mirkovic & Gérardin, 2019; Pärtty et al., 2015). 

The case study with the 12-year-old ASD male used the probiotic called VSL#3. 

This study reported that VSL#3 has shown to have "a direct effect on epithelial barrier 

function in interleukin-10… This probiotic mixture [VSL#3] maintains tight junctions, 

prevents apoptosis, … and regulates intestinal epithelial permeability" (Grossi et al., 

2016). Another study saw the impact of the probiotics on the increase in SCFAs and 

inferred that the combinational treatment could help ameliorate leaky gut and dysbiosis 

microbiota (Y. Wang et al., 2020). The leaky gut that persists in ASD individuals may be 

helped using this mixture to decrease the inflammation, and immune responses and, 

therefore, could be a viable therapeutic if further testing proves reliable and accurate. The 

VSL#3 probiotic case study does have limitations because they are seldom comparable 

due to the small sample size. Also, this case study’s conclusions are not statically 

significant because of the lack of a control or comparison group. The conclusion of the 

case-study, also, may have observational bias. While this one study alone is not 

universally scientifically sound, it helps provide a basis to formulate relevant 

hypothesizes for later research.  

A universal statement cannot be stated about the results of these 13 studies 

because each used a different strain in its probiotic and therefore are not comparable. 

However, the studies that did report positive outcomes produced similar consistencies in 

decreased GI disturbances. This is an area of further exploration to see which strains of 
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probiotics yield concise results and complete a formalized plan in the therapeutics 

methods of ASD. 

 

Diets and Supplements  

 

Lastly, diets can be a therapeutic way to positively manipulate the microbiome to 

affect the gut-brain axis in ASD. As stated previously, ASD individuals are likely to have 

nutritional deficiencies from stringent food selectivity. Therefore, ensuring that a tailored 

diet or supplements are filled with fiber, calcium, vitamin D, and vitamin A so ASD 

individuals can ensure adequate nutritional levels; therefore, consequently there can 

diminished GI abnormalities. 

The ketogenic (keto) diet has been said to help elevate ASD core symptoms. The 

keto diet is high in fat and low in carbohydrates (Li et al., 2021). A systemic literature 

review was conducted to see the efficacy of the keto diet in ASD and reported that in the 

seven studies evaluated, it seemed that keto diets are beneficial; however, the populations 

are small and cannot be generalized (Li et al., 2021). Interestingly, it was found that the 

keto diet has anti neuro-inflammatory affects, which might be the mechanism for why 

ASD symptoms decreased (Jeong et al., 2011).  

Omega-3 polyunsaturated fatty acids supplements utilize the anti-inflammatory 

pathways as well. It is said that Omega-3 fatty acids improve clinical symptoms in youth 

with ADHD, ASD, and major depressive disorders, especially those with high 

inflammation or a low baseline omega-3 polyunsaturated fatty acids index. Also, it was 
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suggested that Omega-3 polyunsaturated fatty acids had been seen to improve lethargy 

and hyperactivity symptoms in ASD (Chang & Su, 2020).  

Lastly, another diet that has been used in the ASD population is a gluten-free and 

casein-free diet. The mechanism in which gluten and casein affect ASD is proposed 

through the leaky membrane. Once through the porous membrane, the gluten and casein 

can undergo inadequate hydrolysis once in combination with other dietary proteins, as an 

effect the compound can have adverse effects on the CNS (Whiteley et al., 2013). A 

systemic review was conducted about the efficacy of the diet in the ASD population and 

cited from 15 studies. Overall, out of the 15, only eight studies have shown either 

beneficial improvements in ASD behavior, gastrointestinal symptoms, or intestinal 

permeability (González-Domenech et al., 2022). It should also be noted that long-term 

use of the gluten-free and casein-free diet is seen to lead to micronutrient deficiencies 

(Baspinar & Yardimci, 2020). In fact, it is been observed in ASD children on the casein-

free diet to have slower bone development (Marí-Bauset et al., 2016). Additionally, it has 

been reported that peripubertal boys with ASD have lower bone mineral density than 

typically developing controls, and low bone mineral density has been associated with 

increased bone fracture (Neumeyer et al., 2015). Therefore, it is also essential to monitor 

serum levels to ensure nutrients are adequate. The small study patient populations and 

incongruent results cannot yet allow the gluten-free and casein-free diet to be a 

standardized plan for ASD treatment. However, further exploration can lead to promising 

results. 
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Anti-Bacterial Monoclonal Antibodies 

 

Antibiotic therapy could be therapeutic for ASD, which can be done by 

targeting Faecalibacterium and Clostridium, which have been seen to have adverse GI 

and behavioral outcomes. It was reported in an antibiotic therapy study with a 14-year-

old ASD male who completed a ten-day metronidazole course followed by a 20-day 

course of ketoconazole. The results were improvements in aberrant behaviors and 

comorbid GI symptomology; however, the long-term benefits were non-existent since the 

improvements dissipated after two weeks of not being on the antibiotics (Ramirez et al., 

2013). Also, this model of antibiotic therapy is not sustainable due to the rapid rise of 

antimicrobial resistance.  

Antimicrobial resistance is a global issue that leads the microorganism to resist 

the effects of the drug; consequently, the FDA reports that in the United States alone, 

there are at least 2.8 million antibiotic-resistant infections and 35,000 deaths each year 

from this global issue (FDA, 2022). One of the main contributors to antimicrobial 

resistance is the overuse of the drug, and therefore, can infer that the continuous use of 

antimicrobials in the ASD community is not a sustainable therapeutic because of the 

increased risk of infection and contributing to this global issue (Antimicrobial Resistance, 

n.d.). 

Innovative techniques such as monoclonal antibodies have been evolving, and 

their range for therapeutic indications has rapidly expanded. Human monoclonal 

antibodies, Hu-mAbs, have been used for anti-cancer, autoimmune, and antiviral 
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indications. However, recently, Hu-mAbs have been investigated for mechanisms that 

target bacteria. Hu-mAbs aims to target specific bacterial populations without altering the 

overall microbiome composition and harming the host (Jones-Nelson et al., 2020; Nagy 

et al., 2017). Although the anti-bacterial monoclonal antibodies address the co-morbidity 

symptoms of ASD, not the underlying mechanism. 

For example, Bezlotoxumab is a successful antibacterial Hu-mAbs used for 

recurrent C difficile infection (Kollef & Betthauser, 2021). In addition, virulence factors 

are some targets rather than proteins. Therefore, there is less chance of antimicrobial 

resistance since the bacteria does not face the direct obstacle of genetic pressure to 

survive by mutations (Nagy et al., 2017; Zurawski & McLendon, 2020). Another form of 

Hu-mAbs for bacteria is those that target gram-negative bacteria through monoclonal 

anti-endotoxin antibodies (Baumgartner, 1990).  

The current research and findings of antibacterial and antimicrobial monoclonal 

antibodies is an area that deserves greater attention. This could be a non-traditional use of 

Hu-mAbs if the harmful, abundant bacteria in ASD are specifically targeted. The research 

has already stated that the rest of the microbiome would not be disturbed. The toxic 

metabolites from these bacteria could no longer cause GI disturbances and halt the 

negative implication on the gut-microbiota-brain axis that could improve core ASD 

symptomology and behaviors.  

Additionally, some cytokines are targets for therapeutic drugs. As stated 

previously, ASD serum shows significant higher levels of proinflammatory cytokine 

levels: IL-6, IL-1β, IL-7, IL-12, IL-17 IL-6, IL-5, TNFα, and TGFβ (Robinson-
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Agramonte et al., 2022; Vuong & Hsiao, 2017; Zhao et al., 2021). Therefore, targeting 

those cytokines can be a potential therapeutic for ASD by decreasing the inflammation 

and the inflammatory consequences. Currently, some anti-inflammatory agents have been 

used successfully in inflammatory bowel disease, which has a mechanism to block 

similar cytokines as ASD and protect the epithelium (Katsanos & Papadakis, 2017). 

Therefore, it needs to be further studied to see how these drugs could have a role in ASD 

symptomology since ASD is a CNS and GI inflammatory disease (Matta et al., 2019).  

At the moment, little to no research is looking at the association between Hu-mAbs and 

ASD, but this contemporary therapeutic technique may help manipulate the biome and 

help address the GI disturbances and atypical immune response that are co-morbid 

symptoms of ASD that can improve the quality of life. 

While there is no FDA approved Hu-mAbs for ASD, in the future one needs to 

evaluate the risk-benefit profile of Hu-mAbs. There needs to be an individualized 

approach to any therapeutic and assess the risk-benefit profile. Again, no research has 

been conducted on Hu-mAbs, but it might be a pathway that could lead to benefits 

diminishing ASD co-morbid GI symptoms.  
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DISCUSSION AND CONCLUSION 

 
 The ASD population is likelier to have an atypical microbiome, leaky gut, and an 

increased systemic inflammatory immune response. ASD individuals can have worsened 

core symptomology and increased GI disturbances through the bidirectional gut-

microbiota-brain axis. Throughout this thesis, there have been a lot of proposed effects of 

change in the biome with implications on the host's health, but even more sections of 

which needed more investigation. 

It is clear that the microbiome in ASD is atypical and leads to systemic 

implications. Therefore, several modern therapeutics aim to manipulate the microbiota, 

including fecal microbiota transfer, probiotics, prebiotics, diet changes, and supplements. 

In addition, forward-thinking approaches include antibacterial monoclonal antibodies and 

anti-cytokine targets.  

Overall, more research needs to be conducted to determine if ASD pathology 

leads to a leaky gut and consequently the change in the biome or if the habits of ASD 

lead to an atypical microbiome that fosters toxic bacteria. Nevertheless, this microbiome 

is an area of concern that needs to be addressed to increase the quality of life of ASD 

individuals, their family, and their caregivers. Within today’s data, it is showing 

inconclusive conclusions. Most of the studies named above have limitations because of 

the small population sizes, inconsistent age ranges, and mainly male dominated. 

Therefore, it is hard to form a generalized conclusion.  

One cannot say with absolute certainty that the gut microbiota is impacting the 

gut-microbiota-brain-axis communication that is worsening ASD symptoms through GI 
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disturbances. The present-day evidence limits the generalizability and reliability. 

However, ample research has been conducted on this topic and there is some underlying 

mechanism that involves the gut and ASD that must be at play for such research to keep 

taking place. At the moment, one can say that the only answer available is conducting 

more research to find the root cause. 

There is a plethora of opportunities for more investigational research on ASD and 

the implication of the atypical microbiota composition. More profound research will 

allow for more concise findings so that a standard plan of treatment of ASD can be 

implemented. Then that plan can advance further to promote an individual treatment plan 

since ASD is on a spectrum and the symptomology is unique per person. Precision and 

tailorized therapeutics are what modern medicine is emphasizing since treatment plans 

are not a one size fits all approach. Once seeing which individuals have a highly regarded 

theorized bacteria strain to promote disruptive ASD behavior and symptoms, an effective 

detailed treatment plan can address the specifics without jeopardy to the rest of the 

biome. For example, if research found that severe ASD is associated with high levels 

of Faecalibacterium then the treatment plan would be through Hu-mAbs because 

research would have hypothetically shown that be the most universal way to decrease 

Faecalibacterium is through the antibacterial monoclonal antibodies.  

The futurist goal is to learn the specific repercussions of specific bacteria in ASD 

associated symptomology and then the impact on the bacteria with different approaches. 

Currently, research is not adequately addressing this approach since so much is still 

unknown about ASD and the gut-microbiota-brain axis. Nevertheless, modern research 
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displays that manipulation of the microbiome does bring promising results on the 

symptomology of ASD in various ways; however, there cannot yet be overwhelming 

support for a particular method because of the variations and inconsistencies. Regardless, 

the technological advancements and the increasing awareness of ASD bring hope to the 

future of ASD therapeutics. 
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