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Research on the use of fecal microbiota transplantation (FMT) in the treatment of disorders related to digestive system ailments in children with autism spectrum disorders (ASDs) is a new attempt in a therapeutic approach. There are very little scientific evidences available on this emerging alternative method. However, it appears to be interesting not only because of its primary outcome, relieving the gastrointestinal (GI) symptoms, but also secondary therapeutic effect of alleviating autistic behavioral symptoms. FMT seems to be also promising method in the treatment of another group of pediatric patients, children with inflammatory bowel disease (IBD). The aim of this study is to discuss the potential use of FMT and modified protocols (MTT, microbiota transfer therapy) in the treatment of GI disorders in ASD children supported by reports on another disease, IBD concerning pediatric patients. Due to the few reports of the use of FMT in the treatment of children, these two patients groups were selected, although suffering from distant health conditions: neurodevelopmental disorder and gastrointestinal tract diseases, because of the the fact that they seem related in aspects of the presence of GI symptoms, disturbed intestinal microbiota, unexplained etiology of the condition and age range of patients. Although the outcomes for all are promising, this type of therapy is still an under-researched topic, studies in the group of pediatric patients are sparse, also there is a high risk of transmission of infectious and noninfectious elements during the procedure and no long-term effects on global health are known. For those reasons all obtained results should be taken with a great caution. However, in the context of future therapeutic directions for GI observed in neurodevelopmental disorders and neurodegenerative diseases, the topic seems worthy of attention.
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Introduction

Fecal microbiota transplantation (FMT) is proposed as an alternative therapeutic approach for the treatment of recurrent Clostridium difficile (rCDIs) (Rao and Safdar, 2016) that cause injury to the gastrointestinal (GI) tract and diarrhea (Kuijper et al., 2006). The Food and Drug Administration (FDA) has not approved the use of FMT as a treatment for nonresponsive C. difficile infections (CDIs) however patients can benefit from access to this type of treatment under the policy of “enforcement discretion” (U.S. Food and Drug Administration, [Accessed May 22, 2020]). In clinical practice, FMT or microbiological replacement therapy is now used solely in the treatment of rCDIs (McDonald et al., 2018) and restricted to patients not responding positively to standard treatment procedures (Tan and Johnson, 2019). Its use in other diseases is experimental and still under research (Gupta et al., 2020). Nonetheless, interest in this form of therapy has shifted from infectious to noncommunicable diseases associated with the GI tract and also other disorders (Wang et al., 2019a). Currently, much of this interest is focused on the use of FMT in treating inflammatory bowel disease (IBD) and functional bowel disorders such as irritable bowel syndrome, as well as obesity, metabolic syndromes, multiple sclerosis, and colon cancer and most importantly, GI symtoms in autism spectrum disorders (ASDs) and other neurological disorders (Garrett, 2019; Wang et al., 2019a; Vendrik et al., 2020).

The human microbiota is a large community consisting mainly of bacteria, archaea, eukaryotic microorganisms, and viruses that share a specific environment—a human body (Lederberg and McCray, 2001; Turnbaugh et al., 2007; Wang et al., 2017). Beside the nuclear and mitochondrial genomes the microbiome, which refers to the genetic material of the personal microbiota, plays an important role in the human health and disease (Wang et al., 2017), for example by complementing molecular and metabolic functions (Shafquat et al., 2014). In particular, the gut microbiome is seen as an essential element ensuring homeostasis (Sekirov et al., 2010; Boem and Amedei, 2019). Moreover it has been reported that enteric and central nervous systems can communicate and interact with the immune, endocrine, and neuronal systems as inherent elements of influence (Dinan and Cryan, 2017). The concept of the gut–microbiota–brain axis as a two-way communication system using multiple common ways like autonomic nervous system and production of neurotransmitters or short–chain fatty acids (SCFAs) (Scriven et al., 2018), has gained favor over the years in an ecosystem approach to the health (Srikantha and Mohajeri, 2019). The interest in this subject continous to grow and is thoroughly described (Scriven et al., 2018; Cryan et al., 2019; Garcia-Gutierrez et al., 2020) due to its proven role in regulating a number of body functions (Boem and Amedei, 2019).

The crucial role of intestinal microbiota has been demonstrated in many health conditions, including allergy, disorders of internal secretion, complications related to nutritional status and metabolic changes such as obesity and diabetes, IBD, and also in autism (Shanahan, 2012).

Microbiota, as a nongenetic heritable element, contributes to metabolism and affects the nervous and immune systems of the host (Cho and Blaser, 2012; Sandoval-Motta et al., 2017; Pulikkan et al., 2019). Through gestation, during the labor, and after the birth, an infant inherits the vaginal, skin, fecal, and mouth microbiota of the mother (Jiménez et al., 2008; Satokari et al., 2009; Wopereis et al., 2014). Then, by means of the mother’s milk or formula, the newborn is supplied with another inoculum of microorganisms that will colonize its gut (Martín et al., 2003; Makino et al., 2011; Wopereis et al., 2014). The intestinal microbiota is formed in the first years of a child’s life (Wopereis et al., 2014). Some evidences shows that nearly half of microbiota maturity is reached around the age of three (Yatsunenko et al., 2012), and other indicates that microbiota maturation may last through adolescence (Agans et al., 2011; Ringel-Kulka et al., 2013). During this period, environmental factors, such as the child’s feeding type, breastfeeding status followed by diet dependent on culture and season, and another environmental exposures or hygiene, affect its formation (Lozupone et al., 2012; Wopereis et al., 2014). At this time, it can be easily perturbed, due to the use of corticosteroids or acid suppressants, eradicated by antibiotic and changed by probiotic therapies, or disturbed by infections or GI diseases (Navarro et al., 2016).

Dysbiosis, the imbalance of intestinal microbiota, is observed not only in the diseases related to the GI tract but also indirectly in gut-related complaints and nervous system disorders such as ASDs (Borre et al., 2014; Carding et al., 2015; Srikantha and Mohajeri, 2019). ASD refers to a heterogeneous group of dysfunctions that manifest as deficits in social relations, communication, and language development, as well as restricted interest and a repetitive pattern of behaviors (World Health Organization, 2019), frequently accompanied by comorbid GI symptoms (McElhanon et al., 2014). There is also a positive correlation between the exacerbation of neurological symptoms and GI inconvenience (Adams et al., 2011). ASDs are diagnosed in about 1% of children worldwide, yet no remedy has been found for this set of conditions (Wang et al., 2019b). Moreover a 10% increase in the prevalence of ASDs from 16.8 cases per 1,000 children in 2014 (Baio et al., 2018) compared to 18.4 cases per 1,000 children in 2016 (Maenner et al., 2020) has been detected.

IBD consists of two GI diseases, Crohn’s disease (CD) and ulcerative colitis (UC) (Malik, 2015). These entities are characterized by chronic and nonspecific inflammation, and also dysbiotic changes in composition of microbiota and reduction of its diversity (Kostic et al., 2014), which seems to be relevant in the progression of this disease (Fang et al., 2018). In connection with the growing awareness of the importance of gut microbiota (GM) in the pathogenesis of GI diseases, GM related therapies are of great interest in IBD treatment (Moutinho et al., 2019).

The gut dysbiosis in ASD is well documented; nonetheless, there is no defined microbial signature for autistic gut yet (Fattorusso et al., 2019; Andreo-Martínez et al., 2020). The main microbial shifts explored thus far in ASD are increased quantity and decreased diversity of microbiota, which are the factors favoring the overgrowth of pathogenic strains (Finegold et al., 2012; Kang et al., 2013; Fattorusso et al., 2019). There are observed significant changes in the composition of intestinal microbiota in children with ASDs compared to healthy controls (Liu et al., 2019a). This analysis showed that the group of patients with ASD had higher abundance of Lactobacillus, Bacteroides, Desulfovibrio, and Clostridium and lower abundance of Bifidobacterium, Blautia, Dialister, Prevotella, Veillonella, and Turicibacter (Liu et al., 2019a). Another systematic review also indicates such associations in people with ASDs compared to neurotypical controls—higher abundance of Faecalibacterium and Lactobacillus bacteria, as well as slightly increased numbers of Ruminococcus and Clostridium and reduced numbers of Akkermansia, Bacteroides, Bifidobacterium, Escherichia coli, and Enterococcus (Xu et al., 2019). Also the study of Martínez-González and Andreo-Martínez (2019) on differences in GI symptoms between children with ASDs and healthy controls, with a correlation analysis between GI symptoms and the number of intestinal bacteria revealed that the ASD group with comorbid GI symptoms showed higher abundance of Candida yeast, Prevotella, and Streptococcus, and lower abundance of Veillonella. Moreover, published in 2020 paper about gut microbiota profiling in ASD children displays higher abundance of Roseburia and Candidia genera and lower abundance of Dialister, Bilophila, Coprococcus and confirmes lower abundance of Veillonella, Streptococcus and Prevotella genera (Andreo-Martínez et al., 2020). The authors of all the above mentioned papers emphasize that it is still too early to conclude about the composition of the intestinal microbiota that may be correlated with ASDs. Research should be carried out on possibly homogeneous groups, in terms of age and the severity of neurological symptoms, taking into account the multidisciplinary approach to the problem of gut microbiome in ASD. Unified next-generation sequencing (NGS) approach paves the way for accurate analysis of microbiome by testing the microbiota composition with the use of 16S rRNA gene analysis. Due to the fact that GI symptoms severity correlates with severity of neurological symptoms of ASD (Adams et al., 2011; Chaidez et al., 2014) and that the level of GI disorders is in relation to GM alterations (Saurman et al., 2020)—the diversity and quantity, and enrichment or deficiency of some taxonomic groups, the present knowledge suggests that GM alterations may be associated with ASDs.

Abnormal fecal microbiota in both autistic children with comorbid GI disorders and patients suffering from IBD may suggest the correlation between intestinal dysbiosis due to inflammation and GI disturbances (Fattorusso et al., 2019). As one aspect of this hypothesis, the inflammatory process may be the result of abnormal GM. What was described in the study of Walker et al. (2013) were the authors compared the transcriptomic and the metagenomic profile from the small and large intestines from ASD, CD and UC patients hypothesize. The molecular profile of the gastrointestinal mucosa of children with ASD and GI symptoms coincides with that characteristic of IBD, but it has features that distinguish it (Walker et al., 2013) Another aspect of this hypothesis is the relation of gut dysbiosis and the the mucous barrier damage, causing an increase in the permeability of the intestinal epithelium (Santocchi et al., 2016), making children with ASD more sensitive to peptides of exogenous origin like those derived from the diet, and neurotoxic peptides of bacterial origin (de Magistris et al., 2010; Gonzalez et al., 2011) or the lipopolysaccharide (LPS) which elicits a pro-inflammatory response (Jyonouchi et al., 2002). However, results on intestinal permeability are inconclusive (Navarro et al., 2016). On the other hand, higher rate of enetrocyte damage is reported in ASD children with severe maladapitve behavior, compared to mild maladapitve behavior and control group (Pusponegoro et al., 2015). One of the possible effects of the response to increased passage of exogenous peptides through damaged epithelium may be the production of pro-inflammatory cytokines and their effects on the CNS (Santocchi et al., 2016). The relation between the microbiota and autism spectrum disorders has more aspects and attempts to explain their relationship, such as impact of SCFAs (Macfabe, 2012; MacFabe, 2015), bacterial neurotransmitters like GABA (Foss-Feig et al., 2017) hypothalamic–pituitar–adrenal (HPA) axis and communication via vagus nerve (Fülling et al., 2019), immune system activation (Rose et al., 2018), or serotonin pathway (Cryan et al., 2019) the discussion of which goes beyond the scope of this paper.

Therapeutic modulation of the intestinal microbiota, through various types of interventions, may influence the appearance, course and progression of neurological disorders (Vendrik et al., 2020). In the light of the latest scientific evidence, FMT, an emerging microbial replacement therapy, is successfully applied in the treatment of diseases characterized by altered GM (Gupta et al., 2020). FMT in the ASD with coexisting GI disorders is a novel therapeutic approach. Research in this area, however sparse, has been compiled here using this approach in the treatment of pediatric neurotypical IBD patients, due to the similarity of GI symptoms and age. A search of the literature on the use of FMT among pediatric patients suffering from inflammatory bowel disease was performed on the NCBI platform, in the MeSH (Medical Subject Headings) database with the query “Fecal Microbiota Transplantation” and “Inflammatory Bowel Diseases”. The results were pre-filtered using the variant “Child: birth-18”. According that 32 records were identified. Ten articles, case reports and open-label trials describing the clinical application of this method in patients were selected for further analysis. Similarly, the database was searched for articles on autism spectrum disorders. The search parameters were “Fecal Microbiota Transplantation” and “Autism Spectrum Disorder”, without any additional filter. Ten results were obtained, of which one article describing open-label clinical trial was included. Another article was incorporated by manual search. The inclusion criterion was the availability of the full text of the article. Review articles were not included in both cases.



Gastrointestinal Disorders in ASD

In addition to the core neurological symptoms of ASDs, various concurrent symptoms such as seizures, psychiatric illness, intellectual disability, sleep disruption, and above mentioned feeding difficulties and GI disturbances occur, as suggested by prominent evidence that autism is not just a psychiatric disorder but may also have a physiological base (Pulikkan et al., 2019). Accumulating evidence shows that ASD children suffer from GI disorders more frequently than neurotypical children (Martínez-González and Andreo-Martínez, 2019). Common GI conditions such as constipation, diarrhea, and abdominal pain are correlated with the severity of ASDs (Adams et al., 2011).

The GI system has been implicated in the hypotheses of ASDs, both therapeutic and causal (Buie et al., 2010), as autistic children show a higher prevalence of GI distress compared to control children (McElhanon et al., 2014). Nearly half of the children with ASDs experience one or more chronic GI complaints (Kang et al., 2014) This type of ailments can hinder therapy and above all cause suffering that might be unnoticed and omitted by medics. Children with limited communication skills have a problem with expressing pain, and this can intensify or contribute to additional maladaptive behaviors considered as a manifestation of discomfort such as dyssomnia, hostile attitude or violent behavior, and self-mutilation (Buie et al., 2010).

The precise causality of GI distress is has not been known yet, and the etiology of autism is still unclear. However, it has been hypothesized that GI symptoms in autism have a functional, rather than an organic origin, which means that the condition results from behaviors, medications, or dietary habits (Ibrahim et al., 2009; Gorrindo et al., 2012). On the other hand, a recently published retrospective study of pediatric patients undergoing colonoscopy showed that of the 50 patients qualified for the diagnosis of eosinophilic colitis (EC), 22 of them were ASD children (the prevalence of ASD in the group of patients with EC was 44%) (Raffaele et al., 2021). This is another justification for the selection of the comparator group, because IBD, also infections with Salmonella, E. coli, H. pylori, and C. difficile (apart from parasitic infections, which are frequent in children), cause hypereosinophilia (Rogowska, 2012; Raffaele et al., 2021). Bearing in mind that the cause-and-effect chain in life sciences is neither one-way nor linear (Boem and Amedei, 2019), in addition to genetic factors that may rudiment this group of disorders (de la Torre-Ubieta et al., 2016; Feliciano et al., 2019; Łaczman´ska et al., 2020), environmental factors such as gut microbiota seems to be relevant (Pulikkan et al., 2019). Therefore, there is a hope that the GI symptoms can be eliminated if we know their cause. This in turn can be made possible by testing the microbiome on a large scale. The microbiome analysis and therapies aimed at rebalancig the microbiota can help parents and caregivers of these children in their day-to-day care and development.

Considering the difficulties in quantitative assessment, the median of prevalence proportion of GI complaints detected in various studies among people with ASDs has been calculated, which is 46.8% for any or aggregation of more than one GI symptom, 22% for constipation, 14% for abdominal discomfort, and 13% for diarrhea (Holingue et al., 2018). It has been estimated that approximately 95% of childhood constipation may not have a primary physiological cause but a functional one (Pashankar, 2005). Many children with ASDs present additionally enhancing conditions, such as delayed learning or lack of toilet skills, which negatively affect bowel emptying (D’Cruz et al., 2013). Children with ASDs also have difficulties in processing sensory stimuli, as well as often exhibit limited mobility resulting from their pattern of behaviors, which are secondary factors that can reduce GI motility (Peeters et al., 2013).

It is important to standardize measurement approaches to more precisely estimate the prevalence of GI disturbances. This should be done for a better understanding of the potential risk factors within the GI tract and their role in the development of ASD symptoms. Another important aim is to assess the safety and potency of the interventions on GI symptoms (Holingue et al., 2018). Nevertheless, the GI problems among ASD people are evident and require treatments.



Microbial-Mediated Therapeutic Approaches in ASD with Comorbid GI

There are three known approaches to restore the ecological balance in the gut affected by dysbiosis: 1) probiotic therapy, which is inoculation with beneficial bacteria strains, 2) prebiotic supplementation, i.e. providing nutrients that promote the growth of beneficial bacteria, or 3) bacteriotherapy consisting in transplanting the entire ecosystem, considered as healthy (Lozupone et al., 2012). The question that has remained unanswered for years is which strategy will be reliable, safe and best for the individual patient (Lozupone et al., 2012). There are several approaches that seem to be promising not only in the treatment of GI symptoms among people with ASDs but also in alleviating behavioral symptoms (Saurman et al., 2020).

Antibiotic therapy is an approach that disturbs existing microbial balance by suppressing growth of particular components of that ecosystem. An extremely important step in supporting the hypothesis that changes in GM can cause changes in the core symptoms of ASD were the results of the study by Sandler et al. (2000) taking into account the involvement of Clostridiales as a factor associated with the occurrence of regressive autism (Saurman et al., 2020). It was then shown that as a result of the use of vancomycin against the neurotoxic compounds–producing Clostridiales, some ASD symptoms temporarily alleviated, only to return after discontinuation of this antimicrobial agent (Sandler et al., 2000).

Administration of probiotics aiming to restore gut microbial balance also seems to be promising (Saurman et al., 2020). The recent data on the therapeutic use of probiotics in ASDs revealed suggestive evidence and improvement trend in the behavioral and GI symptoms after the administration of these supplements (Liu et al., 2019b; Martínez-González and Andreo-Martínez, 2020).

Dietary interventions are known as modulating factors of the intestinal microbiota (Jandhyala et al., 2015); hence, diet changes are considered as a far-reaching approach due to the relief of ASD symptoms (Saurman et al., 2020).

All these approaches may not be effective therefore FMT was proposed as a promising procedure in comorbid GI.



FMT Procedure Based on the Use in Pediatric IBD

The FMT procedure involves collecting stool from a healthy selected donor and transplanting it to the prepared recipient’s GI tract in order to restore dysbiotic intestinal microbiota and thereby promote healthiness (Gupta and Khanna, 2017; Wang et al., 2019a). There is no standard procedure established so far. The preparation of the recipient may involve administration an antibiotic to facilitate colonization with the donor bacteria (Goyal et al., 2018; Cho et al., 2019) or preparation requires the discontinuation of the use of the antibiotic before the procedure (Hourigan et al., 2015; Karolewska-Bochenek et al., 2018). It may also involve colonic lavage (Shimizu et al., 2016). The specimen used in the FMT procedure is fresh (Hourigan et al., 2015; Vandenplas et al., 2015; Nusbaum et al., 2018; Moutinho et al., 2019) or frozen stool preparation (Karolewska-Bochenek et al., 2018; Nusbaum et al., 2018). The procedure consists of screening donors and material for known pathogens. The donor can be age-related (Vandenplas et al., 2015) or not (Nusbaum et al., 2018), an unrelated person (Goyal et al., 2018; Karolewska-Bochenek et al., 2018; Nusbaum et al., 2018), a relative (Vandenplas et al., 2015; Shimizu et al., 2016; Nusbaum et al., 2018; Moutinho et al., 2019), or a donor from a stool bank (Cho et al., 2019). There are several possible routes of administration; upper digestive tract via nasogastric or nasoenteric tubes and upper endoscopy (gastroscopy), infusion through the lower digestive system, enema, colonoscopy or sigmoidoscopy (van Nood et al., 2013a; Youngster et al., 2014; Cammarota et al., 2015; Kelly et al., 2016; Lee et al., 2016; Hota et al., 2017; Jiang et al., 2017; Kao et al., 2017; Ianiro et al., 2018; Hvas et al., 2019; Moutinho et al., 2019).



Effects of FMT on IBD

There are few studies investigating the effectiveness and safety of FMT in IBD in pediatric patients (Nusbaum et al., 2018; Olesen et al., 2020). The medical results are difficult to compare, due to the large discrepancies in the procedure, the small number of respondents, their different ages and the lack of control and placebo groups. FMT was undertaken in patients with Crohn’s disease or ulcerative colitis (UC) (Nusbaum et al., 2018), especially in those who did not respond to standard treatment (Vandenplas et al., 2015; Shimizu et al., 2016; Goyal et al., 2018; Karolewska-Bochenek et al., 2018; Moutinho et al., 2019), and those with concurrent CDI (Hourigan et al., 2015; Cho et al., 2019). The analysis of the available literature shows that the effectiveness of the method, measured in symptom remission, varies. In the case report of 17-year-old male with refractory ulcerative colitis clinical improvement lasted for one month, when symptoms recurred. Second implementation of FMT led to no improvement (Moutinho et al., 2019). In the another case of 11-year-old girl first FMT led to exacerbation of UC symptoms, while repeated procedure allowed her to stay in remission with minimal dose of steroids (Shimizu et al., 2016). An early-onset colitis in an infant girl led to lasting a month improvement and normal defecation (Vandenplas et al., 2015). Good outcomes were observed after two-week FMT course (Karolewska-Bochenek et al., 2018). Clinical remission reached 57% at 1 month and 28% clinical response at 1 and 6 months after FMT (Goyal et al., 2018). A 75% rCDIs cure rate was obtained in patients with IBD three months after FMT (Cho et al., 2019).


Risk of Adverse Effects

This method appears to be rather well tolerated as the patients had none (Shimizu et al., 2016) or mild to moderate self-limited adverse effects like fever, vomiting, nausea, abdominal pain, bloody stools or diarrhea and flatulence (Goyal et al., 2018; Karolewska-Bochenek et al., 2018; Cho et al., 2019). Yet more severe adverse reactions like tachycardia occurred (Vandenplas et al., 2015). Two patients with recurrence of C. difficile underwent colectomy after FMT administration (Cho et al., 2019), however IBD patients are at risk of this procedure due to their condition (Chen et al., 2017). These individuals showed no significant improvement or deterioration in their health from alternative therapy, and the authors believe that the indication for surgery was patients’ condition rather than FMT (Cho et al., 2019).



The Engraftment of the Donor Microbiota

The engraftment appears to persist for up to 6 months after the procedure, then shifts back to baseline (Hourigan et al., 2015; Goyal et al., 2018). The bacterial diversity restored by the FMT is sustained in children without IBD cured from CDI after single administration (Hourigan et al., 2015). An 8-month maintenance period of the donor GM has even been reported (Shimizu et al., 2016). Repeated FMT appears to be more effective (Shimizu et al., 2016; Karolewska-Bochenek et al., 2018). It is also more effective in patients who have a higher diversity of GM on the baseline, and in those who have lower severity of disease symptoms (Nusbaum et al., 2018).




Effects of Engraftment of Donor Microbiota FMT on ASD

The growing field of microbial replacement therapies opens up a new pathway to relieve some symptoms previously uncured conditions such as ASDs. In the light of the premise that intestinal and behavioral problems may, at least in part, result from dysbiotic GM and the restoration of eubiosis, may cure some of the GI ailments, and as a secondary outcome, improve some ASD behavioral symptoms, a modified FMT protocol was studied in 18 participants with ASD, aged 7–16 years (Kang et al., 2017). A comprehensive evidence for the effectiveness of this protocol, called microbiota transfer therapy (MTT) in ASDs, has been provided.

The subjects of assessment were dsDNA profile of gut bacteria and bacteriophage and clinical responses. A 2-week vancomycin antibiotic therapy, which has transient therapeutic effects in treating GI symptoms in ASDs (Sandler et al., 2000), followed by bowel cleansing and a high-dose oral or rectal administration of standardized human gut microbiota (SHGM), maintained by lower oral doses for 7–8 weeks, brought about 80% reduction in GI symptoms. An improvement was observed in 89% of participants in diarrhea and constipation, indigestion, and abdominal pain, along with a decrease in the number of days with abnormal stools.

This improvement was retained 8 weeks after therapy (Kang et al., 2017), and the results were evident even in the two years of follow-up (Kang et al., 2019). Another proof for the success of this therapy was the persistence of GM change and the increase in microbial diversity during the second year compared to the end of the original trial, week 18. This confirmed the partial engraftment of the donor microbiota, as well as the preservation of the characteristics and adaptation of the microbiome to the new host, the recipient (Kang et al., 2019). In conclusion, both GI (reduction by 58% after two years versus initial 80%) and ASD behavioral symptoms (47% lower than the baseline versus primary 23%) improved significantly after the therapy, which is encouraging and promising for the treatment of children with ASDs and concurrent GI problems (Kang et al., 2019). The shift of microbiological balance toward the microbiota composition of neurotypical children endorses the hypothesis about the partial causality of abnormal intestinal microbiota in GI symptoms of children with ASDs and the correlation of GI discomfort and behavioral characteristics (Kang et al., 2017).


Risk of Adverse Effects

MTT seems to be a helpful approach for the alleviation of GI discomfort in children with ASDs, without any adverse negative side effects, but associated with a secondary outcome—improvement of behavioral symptoms (Kang et al., 2019).




Discussion

An approach that facilitates the complete restoration of gut microbiota in individuals with diseases involving GI symptoms is fecal microbiota transplantation. An advantage of this method over antibiotic or probiotic therapy is that it allows a total exchange of microorganisms in the intestines (Bakken et al., 2011; Gupta et al., 2020), which apart from bacteria, consists of archaea, fungi, and viruses (Cani, 2018), including bacteriophages, which not only regulate the bacterial community (Rascovan et al., 2016), but also impact directly host immune system (Van Belleghem et al., 2018). The viral components of the microbiota is another important but less studied element in the complex network of biological interactions (Handley, 2016). Mycobiome and virome are awaiting in-depth exploration, which will help to achieve a more comprehensive understanding of the role of the microbiome in human health. On the other hand, the disadvantages of this approach are the lack of data on long-term health effects as well as the possibility of disease transmission with the transplanted material.

The mechanism by which the fecal transplant works on treating C. difficile (Gupta et al., 2016) infections and alleviating GI disorders (Fang et al., 2018) has not been clearly elucidated. It seems that this approach restores not only the eubiosis, but also possibly the microbial metabolites and components or bacteriophages, as some evidence indicates that when transferred to the recipients, sterile stool filtrates are able to induce a therapeutic effect on CDI symptoms without the potential to generate donor-like microbiota (Ott et al., 2017).The use of SHGM, the main component of which is bacteria (more than 99%) (Kang et al., 2017) is supporting the postulate of eubiosis and perhaps bacterial metabolites in the healing process, at least in the case of ASDs.

However, most of the fecal microbiota transplantation research studies are in adults, not in pediatric patients which account only for 6% (children aged from 0 to 5 years old) and 11% (6 to 17 years old) of all the analysed studies (Olesen et al., 2020). Research on fecal microbiota transplantation, involving children, targets three areas: C. difficile infection, IBD and the gut-brain axis (Olesen et al., 2020).

FMT therapy has proven efficacy in the treatment of CDIs; however, it is considered risky for other health reasons. This approach was tested in children with IBD. Evidence suggests that FMT may be useful in this group of disorders but results remain inconclusive. As the findings were obtained on non-heterogeneous groups of patients or in the case-reports, and the procedure of administering the preparation differs practically in each of the cited studies, as well as outcomes measurements.

Due to the similarity of GI symptoms, an attempt was made to test a similar approach for the treatment of ASDs. MTT procedure primarily improves the GI symptoms among ASD patients, and also behavioral symptoms as a secondary outcome (Kang et al., 2017). The authors of the study point to the limitations of the obtained results. The study was conducted with no placebo or blind control, nor randomization. The nature of the control group was based on the observations of the 20 age-matched neurotypical children without the procedure administration. Undoubtedly, individual consideration should be given to determine whether the benefits of this type of therapy outweigh the risks. All these facts show that obtained results should be approached with caution.

The effectiveness and overall safety of the FMT therapy have been proven for rCDIs and shown to be promising for refractory CDIs, while the assessment of its long-term safety is pending (Gupta et al., 2020). The success of FMT can be defined even at the level of 90%, based on the percentage of cases cured of diarrhea associated with rCDIs in the case series (Kassam et al., 2013; van Nood et al., 2013b; Cammarota et al., 2014; Rossen et al., 2015; Gupta et al., 2016). The effectiveness of this therapeutic approach compared to the standard oral vancomycin antibiotic therapy is 81% versus 31% (van Nood et al., 2013b). However, when considering the effectiveness of repeated drug administration and repeated FMT, both the approaches are comparable (Tan and Johnson, 2019).

Among the risk aspects of FMT procedure, its advantage over antibiotic and probiotic is a more comprehensive approach. Intestinal microbiota also consists of other components, which may be as important as bacteria. The effectiveness of probiotic therapy is limited due to the use of bacterial strains known for their medicinal properties and omission of unknown and probably significant factors. However, probiotic supplementation is well tolerated and the serious adverse effects are infrequent, yet rarely evaluated (Liu et al., 2019b). After knowing the microbiota composition of an individual, it may be easier to choose pro- or prebiotic preparations or modify their composition in relation to patient’s needs. NGS technology may be the future standard for this type of diagnostics.

Due to the possibility of transmission of infectious diseases with transplanted material, screening for known pathogens should be performed prior to the FMT procedure, but there are also other risks involved, including the implantation of cancer cells of colon carcinoma (Mullish et al., 2018) or other cancerogenic factors, e.g. HPV virus (Cheng et al., 2019). This event although poorly documented should be taken into account. Besides oral administration, the other routes of administration can cause inconvenience and carry additional risks, ranging from discomfort and adverse reactions to serious medical problems which are rare though possible (e.g. colon perforation in the case of colonoscopy) (Hassan et al., 2016). The FDA’s 2019 statement about FMT warns against the use of colon microbiota transplant procedure due to the confirmed risk of transmission of multidrug-resistant organisms (U.S. Food and Drug Administration, [Accessed 18th June 2020]). The procedure is complicated and heterogeneous at many stages and besides carrying the risk of other diseases, in pediatric patients may cause stress by itself. Limited availability resulting from high costs and complicated logistics underlies the need for a standardized product to effectively treat the patients (Gupta et al., 2020).


Limitations

This review does not follow a PRISMA methodology. We are aware that we report only two articles describing the modified FMT protocol in ASD, but we are convinced that this may be a promising future direction in treatment of GI in ASD and other neurological disorders.




Conclusions

Bacteriotherapy based on changing the composition of the intestinal microbiota by transplant of fecal microbiota seem to be a promising tool for treating both GI disturbances and behavioral characteristics associated with ASDs. However, as there are still limited data available on the long-term effects of this therapy, great caution is advised in interpreting the results.

Further studies are necessary, but it can be expected that based on contemporary scientific evidence and experimental research, these kind of therapies will be developed in the future to treat GI disorders in ASDs, which may also have a secondary beneficial effect on behavioral symptoms. Observing the directions of research in neurological disorders, it seems that the FMT approach will become an important research area in the coming years (Vendrik et al., 2020).
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