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ARTICLE INFO ABSTRACT

Most children diagnosed with Autism Spectrum Disorder (ASD) have gastrointestinal
manifestations. The use of probiotics and prebiotics has gained significant scientific community
visibility as possible beneficial interventions in the therapeutic arsenal of ASD. Thus, the
objective of this study was to conduct a systematic review to assess the effects of microbiota on
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INTRODUCTIO N In addition to the symptoms already described, approximately half of

children with ASD have a higher incidence of gastrointestinal
symptoms, such as abdominal discomfort, diarrhea, constipation, and
flatulence, with intensity proportional to the severity of behavioral
symptoms. The cause of intestinal involvement in individuals with
ASD is not fully understood, having been related to dysfunction of
the intestinal microbiota, increased intestinal permeability, and
changes in the immune response (Doenyas, 2018; Grimaldi et al.,
2018; Li et al., 2017; Zafar & Habib, 2021). The intestinal microbiota

Autism Spectrum Disorder (ASD) comprises a group of
neurodevelopmental disorders characterized by neurobehavioral
disorders, which preferentially affect male children before three
years. Among the symptoms, restricted and repetitive behaviors,
impairments in social interaction and communication impact child
development and the individual's life and society. The prevalence of
this disorder has grown significantly in recent years, with an . ; X .
incidence reaching 1 in 68 children in the USA, making ASD a public represents Fhe ﬁrst.protectlve bgrrler of the gastr'omtestlnal system,
health problem (Doenyas, 2018; Fattorusso ef al., 2019; Johnson ¢f ~ eing acquired at birth and modified by age, sex, immune status, and
al., 2020; Y. W. Liu et al., 2019; Mangiola ef al., 2016; Peralta- external factors such as breast-feeding, diet, and antibiotics use. It
Marzal et al., 2021; Ristori et al., 2019). consists of more than a thousand different bacteria, fungi, and viruses,
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with a predominance of the phyla Firmicutes and Bacteriodetes,
relating dynamically and symbiotically to the organism. The spectrum
of functions of the intestinal microbiota is broad, some of which is the
maintenance of the epithelial barrier, maturation of the
gastrointestinal and systemic immune system, protection against
infections by pathogenic organisms, production of short-chain fatty
acids, nutrients, hormones, and vitamins necessary for the
metabolism, as well as pathogenic role depending on its
composition(Balan et al., 2021; Doenyas, 2018; Fattorusso et al.,
2019; Johnson et al., 2020; Li et al., 2017; Mangiola et al., 2016).
Due to its great importance in systemic hemostasis, qualitative and
quantitative changes in the microbiota, such as dysbiosis, have been
associated with several gastrointestinal and extra-intestinal
pathologies, such as neuropsychiatric disorders including dementia,
depression, schizophrenia, and ASD, thus constituting a bidirectional
axis known as microbiota-gut-brain (Chernikova et al., 2021).
Therefore, therapeutic measures such as the use of antibiotics,
probiotics, prebiotics, and transplantation of fecal microbiota have
gained importance, as they act in the control of the intestinal
microbiota, being a promising therapy still little explored in ASD
(Chernikova et al., 2021; Fattorusso et al., 2019; Grimaldi et al.,
2018; Johnson et al., 2020; Li et al., 2017; Y. W. Liu et al., 2019;
Mangiola et al., 2016). For these reasons, this systematic review aims
to investigate the effects of prebiotics and probiotics on ASD.

METHODS

Focal question: This review was built to answer the following focal
question: Can the microbiota modulation through the use of probiotics
and prebiotics have beneficial effects on the therapeutic approach of
patients with ASD?

Language: Only studies in English were selected.

Database: This review included studies available on the MEDLINE —
PubMed and EMBASE platforms. The Mesh terms used were
"Probiotics" or "Prebiotics" and "Autism Spectrum Disorder." The
use of these descriptors favored the identification of studies related to
prebiotics and probiotics and their beneficial effects in the treatment
of ASD. The guidelines of PRISMA (Preferred Reporting Items for a
Systematic Review and Meta-Analysis) were followed.

Selection of the studies: Studies published between June 2015 and
December 2021 that aimed to report the effects of probiotics and
prebiotics on the modulation of the microbiota of patients with ASD
were included. Inclusion criteria were trials performed in humans,
including randomized controlled trials and open studies. Literature
reviews, articles not written in English, editorials, essay protocols,
and poster presentations were excluded.

Eligible criteria: This study's eligible criteria followed the PICO
(Population, Intervention, Comparison, and Outcomes) format, and
the studies involving ASD patients who were treated with probiotics
and prebiotics were included.

Data extraction: Two independent judges, independently performed
the search to identify the databases' RCTs. The MESH terms were
Autism Spectrum Disorder, prebiotics, and probiotics. The abstracts
of the studies were evaluated, and full-text articles were also
evaluated to support the decision-making process. Disagreements
between the two judges were evaluated and decided by a third
reviewer.

Quality Assessment: The evaluation of the risk of bias concerning the
selection, detection, and reporting bias of each Randomized Clinical
Trial was evaluated according to the Cochrane Handbook for
Systematic Reviews of Interventions(Higgins et al., 2019). Other
risks of bias in the classification of interventions, selection of
patients, missing data, and bias in the measurement of outcomes were
also performed.

RESULTS

( Additional records identified |
through other sources
(n=0)

Records after duplicates removed |

(n=34) 1
—————————
Records excluded

E —
L (n=12) )

| (n=22) " Articles excluded, with J

l fr— reasons (did not answer
"

PICO = 15)
[ Articles acessed for
eligibility
(n=7)

-

[ Records identified through |
data-base searching
(n=68)

-
\
-

: | Identification ‘

\

| | screening

Eligibility

Articlesincludedin
quantitative synthesis
(n=07)

| included | |

Figure 1. Flowchart showing the study selection.

The flowchart (Figure 1) shows the selection of articles. Six
randomized clinical trials and one open study (open-label) were
included. In all, 170 individuals composed the selected articles, aged
between 2 and 20 years, 122 were male, and 21 were female. One
study did not provide clear information about the participants'
genders. Table 1 shows the studies that were included in this review
and Table 2 shows the potential biases of the studies.

DISCUSSION

Autism Spectrum Disorder: ASD is a pathological condition with
complex and little-known neurobiology that compromises cognitive
development, sensory processing, and social communication and
generates repetitive behavior and interest patterns. Other
comorbidities have been included in ASD, such as Autistic Disorder,
Asperger's Syndrome, Childhood Disintegrative Disorder, and
Generalized Developmental Disorder. All of these conditions
manifest symptoms since childhood through neural reorganization
and altered brain development. Although the etiology of ASD is not
entirely known, it can be related to genetic and environmental factors,
including epigenetic mechanisms (Johnson et al., 2020; Lord et al.,
2018; Robertson & Baron-Cohen, 2017; Sanchack & Thomas, 2016).

In order to confirm the diagnosis of ASD, there must be past or
present difficulties in each of the communication subdomains, which
are deficits in development, maintenance, and understanding, deficits
in socioemotional reciprocity, and deficits in non-verbal
communicative behaviors. Subjects must also have or have had
difficulties with two of the four different types of restricted and
repetitive sensory-motor behavior, such as stereotyped or repetitive
motor movements, use of objects and speech (aligning toys or
throwing objects and simple motor stereotypes), inflexibility to
ritualized routines or patterns of verbal and non-verbal behavior,
highly restricted and abnormal fixed interests in intensity or focus
(seen in attachment or concerns about unusual objects) and hyper-
reactivity or hyper-reactivity to sensory input or unusual interests in
sensory aspects of the environment (Lord et al., 2018). There is no
specific treatment for ASD. The existing treatment consists of
managing associated symptoms, such as hyperactivity, sleep
disorders, psychomotor aggression, and anxiety. The medications
used are those used to treat other psychiatric disorders. However,
critical adverse effects are found, and there is no standardized
treatment(Persico et al., 2019).

Relationship between intestinal microbiota and ASD: microbiota-
gut-brain axis: Recent studies have demonstrated a connection
between the microbiota, gut, and brain, which advocate bidirectional
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communication through these components. The brain influences the
intestine through peptides and neurotransmitters sent by the
peripheral nervous system and acting through the adrenal pituitary
hypothalamus axis, controlling cortisol secretion, which in turn
regulates intestinal motricity and integrity (Ding et al., 2017;
Mangiola et al., 2016). In turn, the microbiota influences the nervous
system through neural, endocrine, immunological, and metabolic
mechanisms, and it is therefore suggested that modifications in the
composition of the microbiota in children with ASD may contribute
to both behavioral and gastrointestinal symptoms in genetically
predisposed individuals (Fattorusso et al., 2019; Hughes et al., 2018;
Ristori et al., 2019). In studies of the intestinal microbiota of patients
with ASD, a higher incidence of dysbiosis was demonstrated
compared to healthy individuals, with a decrease in the number of
Bifidobacteria and Firmicutes and an increase in the number of
Bacteroidetes, Clostridium spp, Desulfovibriospp, Sutterellaspp,
Veillonellaceae, Faecalibacterium and Candida (Ding et al., 2017; Li
et al., 2017; Mangiola et al., 2016; Strati et al., 2017; Xu et al., 2019).
Also, patients with autism had a history of extensive antibiotic use
before three years of age and selective eating habits, factors that
directly alter the microbiota and lead to more significant colonization
by pathogenic microorganisms that produce neurotoxins that
contribute to ASD symptoms(Grimaldi et al., 2018; Li et al., 2017;
Mangiola et al., 2016; Ristori et al., 2019). Nevertheless, the ASD
children’s diet tend to be more restricted, with inadequate fiber
intake, which negatively modulate gut bacterial genera and its
metabolites(Martin & Mayer, 2017).

Dysbiosis causes an increase in intestinal permeability, which leads to
the transport of bacteria and endotoxins into the bloodstream, such as
lipopolysaccharide (LPS). This is also known as “leaky gut theory”
(White, 2003).Besides, there is a high production of pro-inflammatory
cytokines, such as Interleukin (IL) -1, IL-6, Interferon (IFN)-y and
Tumor Necrosis Factor (TNF)-a, and of metabolites, including short-
chain fatty acids as acetic acid, propionic acid, butyrate, isobutyric
acid, valeric and isovaleric acid stand out, along with ammonia,
phenol compounds and glutamate(Ding ef al., 2017; Fattorusso et al.,
2019; Hughes et al., 2018; Li et al., 2017; Ristori et al., 2019). Short-
chain fatty acids are produced mainly by Clostridia, Bacteroidetes,
and Desulfovibrio, the most found species in the microbiota of
patients with ASD (Ding et al., 2017; Li et al., 2017) (Figure 2).
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Figure 2. The association of dysbiosis, neuroinflammation, and
alteration in neurotransmitters and Autism Spectrum Disorder.

These compounds exert an effect on the nervous system retrograde,
through the enteric nervous system and the vagus nerve, and through
the bloodstream, where they alter the blood-brain barrier, thus
contributing to ASD symptoms (Ding et al., 2017; Hughes et al.,
2018; Li et al., 2017). Some studies have shown that specific bacteria
genera are capable of producing neurotransmitters, such as GABA (y-
aminobutyric acid), which directly interacts with the vagus nerve
(Peralta-Marzal et al., 2021). Another mechanism proposed for
communication between the intestine and the brain is through the
oropharynx, which indicates the influence of the oral microbiota on
the pathogenesis of ASD(Johnson et al., 2020).

The increase in LPS in patients with ASD has been demonstrated in
some studies, and its levels are associated with the severity of
symptoms, corroborating the hypothesis of the existence of a
microbiota-intestine-brain axis in the genesis of this disorder. LPS
and pro-inflammatory cytokines, formed by the exacerbated
activation of the immune system, alter the blood-brain barrier,
reaching the central nervous system in regions responsible for
emotional control, such as the amygdala, leading to
neuroinflammation and alteration of neurological physiology(Ding et
al., 2017; Li et al., 2017; Mangiola et al., 2016). In fact, in post-
mortem studies with the cerebrospinal fluid of ASD patients, a
neuroinflammatory response involving excessive microglia activation
has been demonstrated, with high levels of pro-inflammatory
cytokines(Johnson et al., 2020; Ristori et al., 2019). Changes in the
maternal vaginal microbiota due to stress, infection, and a high-fat
diet during pregnancy were also related to an increased incidence of
ASD in animal models, as it influences the composition of the fetus'
intestinal microbiota at birth(Li et al., 2017)(Buffington et al., 2016)
(Figure 3). Bacterial vaginosis during pregnancy is related to
prematurity, and higher ASD rates are also found in premature
newborns(Johnson et al., 2020). It was also demonstrated in maternal
separation models that early life stress can be one of the causes of
dysbiosis and influence the immune response, contributing to the
pathogenesis of the disorder(Hughes ef al., 2018). Moreover, the
microbiota affects the levels of melatonin, serotonin, histamine, and
acetylcholine, important mediators for brain maturation(Ristori et al.,
2019).
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Figure 3. Intrinsic and External factors related to dysbiosis.

Prebiotics and Probiotics: main aspects: According to several
factors, the human diet has varied, including social, economic,
regional, and temporal. The development of society is accompanied
by a higher presence of industrialized foods and xenobiotics. Given
these changes in modernity in eating habits, science has turned to the
study of probiotics and prebiotics, living components and their
substrates, known to medicine for over a century (Azad et al., 2018;
Floch, 2018; Neri-Numa & Pastore, 2020; Suez et al., 2019).
Probiotics are living microorganisms, mostly bacteria, of a non-
pathogenic nature to humans, which, from their metabolism, can
produce or provide the production of substances capable of promoting
regulation in the number and quality microscopic populations make
up the intestinal biota. In this way, probiotics control the growth and
development of potentially pathogenic bacteria, viruses, and fungi
that inhabit the gastrointestinal tract (Gasbarrini et al., 2016; Islam,
2016). The most well-known and used probiotics are bacteria
Lactobacillus and Bifidobacterium, and the fungus Saccharomyces
boulardii. These organisms regulate the growth of other potentially
pathogenic ones through competition for substrates and produce
substances that alter the intestinal microenvironment's biochemistry,
such as changes in pH, which hinder the proliferation of harmful
agents. Moreover, probiotics stimulate the development of low-grade
inflammatory immune responses and promote the production of anti-
inflammatory cytokines (Lee et al., 2018; Lopez-Santamarina et al.,
2020; Sanders et al., 2019; Tanner et al., 2018; Tsai et al., 2019).
Prebiotics are components of food, non-digestible fibers, which serve
as substrates for the growth of certain non-pathogenic
microorganisms, naturally present in the gastrointestinal tract.
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Table 1. Clinical studies showing the effects of prebiotics or probiotics in patients with Autism Syndrome Disorder (ASD).

Reference Country Type of the study Population Intervention and Comparison Results
47 USA Randomized, double- | 35 individuals 3-20 y, 26 & and 9 @, with a | Lactobacillus plantarum (PS128) 2x/d (6 x 10" CFUs) was | Improvements in ASD scores were observedin
blind, placebo- | previous diagnosis of ASD and using stable | administered in probiotics group (n=18), while the placebo group | combination group (PS128 + oxytocin) compared to the
controlled study. medications for at least 4 weeks. (n=17) received oral placebo for 16w. After, intranasal oxytocin spray | control group. No significant resultswas observed
(Syntocinon®) was added in both groups, in increasing doses of 4UI- | inPS128 or oxytocin alone groups. Besides, a
32Ul/d,totaling28w. significant improvement in the microbiome was found
in the intervention groups, mainly in the combination
group. No difference was found in serum inflammatory
markers.
(Sanctuary et | USA Randomized, double- | 8 children 2-11y, 7 & and 1 Q, with | B. infantis4 x 10° UFC 2x/d + PCB 0.15 g/kg/dia/5 w, and PCB alone | There was a significant reduction in the frequency of
al., 2019) blind, crossover | previous  diagnosis of ASD  and | for more 5 w, with 2 weeks apart. The results were evaluated through | gastrointestinal, behavioral symptoms, and serum levels
clinical trial. gastrointestinal comorbidities. questionnaires, blood, feces, and urine analysis. No comparison with a | of inflammatory cytokines in both groups, with better
placebo group was reported. rates in the group, treated with PCB alone. No changes
were seen in the fecal and urinary analysis.
(Y. W. Liu et | China Randomized, double- | 71 children (&) diagnosed with ASD, 7-15 | Probiotic L. plantarum PS128 was used in capsules (25mg) / 4 weeks. | The group treated with the probiotic showed
al., 2019) blind, controlled, | years old, divided into PS128 (n = 36) and | ABC-T, SRS, CBCL questionnaires, and age improvement analysis (7- | improvement in  anxiety, externalization of
parallel. placebo (n = 35) groups. 12 years and 13-15 years) were performed. hyperactivity and impulsivity, and disobeyed the
imposed rules less. These results were not seen in the
placebo group.
(Arnold et al., | United States | Randomized, 10 children, 3-12 years old, 6 & and 4 @, | Participants were divided into two crossover groups: probiotic then | There was a greater improvement in gastrointestinal and
2019) of America crossover, controlled, | diagnosed with ASD, anxiety, and | placebo (n=4) and placebo then probiotic (n=6). VISBIOME was | anxiety scales in probiotic group, but with no statistical
pilot trial. gastrointestinal symptoms. administered orally in half or a full powder packet (900 billion | significance. The fecal analysis showed a relative
bacteria) 2xd/8w, with 3 w apart between the crossover. increase in Lactobacillus proportionally to the
improvement of gastrointestinal symptoms, but there
was no difference in microbiota composition/diversity.
(Grimaldi et | United Randomized, double- | 26 children previously diagnosed with ASD, | In groups A and B, patients were randomized into two subgroups to | Patients in group B treated with placebo did not
al., 2018) Kingdom blind, controlled, | 4-11 years old, divided into a group (A) | receive 1.8g of GOS/ day /6 weeks. significantly improve gastrointestinal symptoms and
parallel. without diet restriction (n = 14) and another | The placebo group received maltodextrin. behavior questionnaires compared to the group with
(B) with diet restriction (n = 12). diet restriction and treatment with the prebiotic. There
was a change in the composition of organisms in the
feces and a decrease in amino acids in the group treated
with GOS.
(Shaaban et | Egypt Open- 30 children with ASD (19 & and 11 @), and | Powdered probiotic composed of dried carrots and three strains: L. | There was an increase in colonization by Bifidobacteria
al., 2018) labelprospectivestudy. | 30 controls, 5-9 years. acidophilus, L. rhamnosus and Bifidobacteria longum, (5g)/3 months. | and Lactobacilli in the treated group and a reduction in
Fecal samples were collected before and after the intervention in both | weight, and a significant improvement in the severity of
groups. autism and gastrointestinal symptoms.
(Partty et al., | Finland Randomized, double- | 75 pregnant women were divided in | Probiotic group received 1x10'] colony-forming units of | Early administration of Lactobacillus rhamnosus GG
2015) blind, placebo- | probiotic (n=40) and placebo (n=35). The | Lactobacillus rhamnosus GG, and the placebo received | may reduce the risk of ADHD and AS. Lactobacillus

controlled prospective
study

intervention was developed from 4 weeks
before expected delivery until the next six
months after giving birth.

microcrystalline cellulose daily/4 w before expected delivery. The
capsule contents were given continuously to the children or to the
mothers (breast-feeding) for 6 m. The children were analyzed
clinically and behaviorally up to 13 years old.

rhamnosus GG has been shown to stabilize the gut
permeability barrier by effects on tight junctions, mucin
production, and antigen-specific immunoglobulin A
production.

ABC-T: Autism Behavior Checklist-Taiwan version; ADHD: Attention-deficit hyperactivity disorder; AS: Asperger syndrome; ASD: Autism Syndrome Disorder; CBCL: Child Behavior Checklist; GOS:
Galactooligossacarideo; PCB: Produto de ColostroBovino; SRS: Social Responsiveness Scale.
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Table 2. Descriptive Table of the Biases of the Included Randomized Clinical Trials
i ; i i Adequate
Question Approp'rlatc': Allloclatlon Double- Lossg:s Prognostlcs. or | Outcomes Sample followar
Study focus randomization | blinding . (<20%) | demographic . p
blind L calculation
characteristics

4 Yes Yes Yes Yes No Yes Yes Yes Yes
(Sanctuary et
al, 2019) Yes Yes Yes Yes No Yes Yes Yes Yes
(Y. W. Liu et
al,, 2019) Yes Yes Yes Yes Yes Yes Yes No No
(zl?);g())ld et al, Yes No Yes Yes No Yes No NR Yes
(Grimaldi et Yes
al, 2018) Yes Yes Yes Yes No No Yes NR
(Shaaban et No
al, 2018) Yes No No NR Yes Yes Yes Yes
g:)air;t)y et al, Yes Yes Yes Yes Yes Yes Yes NR Yes

NR: Notreported.

Consequently, these species develop and exert benefits for the host,
mainly controlling the growth of potentially pathogenic
microorganisms (Holscher, 2017; Hutkins ef al., 2016). Prebiotics
are used alone or in combination with probiotics. However, a
challenge in the use of these substances is because they can be
familiar with the development of both a species of commensal
organisms beneficial to man and a pathogenic one. Thus, it is
important to carefully identify, know, and select the best substrate for
each organism. The most well-known and used prebiotics are
fructooligosaccharide (FOS) carbohydrates present in the fibers of
fruits and vegetables, germinate barley foodstuff (GBF), and
galactooligosaccharides (GOS), present in milk formulas. These
substances act as a substrate for the metabolism and development of
certain species of bacteria, enabling the formation of substances such
as butyrate and short-chain fatty acids, which affect inflammatory
processes (Enam & Mansell, 2019; Guarino ef al., 2020; Hijova et al.,
2019; R. T. Liu et al., 2019; Valcheva & Dieleman, 2016). Currently,
studies have pointed out several possible mechanisms by which these
substances and organisms interact with the host and promote better
results in treating diseases not only restricted to the gastrointestinal
tract but also skin, kidney, psychiatric and neurological disorders(Kao
et al., 2016; Kim et al., 2018; Paiva et al., 2020, Pugliese et al.,
2020).

Use of Probiotics e Prebiotics on ADS: In the study conducted
byKong et al.(Kong et al., 2021), the administration of probiotics
combined with ocytocin, known to modulate behavior and emotions,
was performed. In the study, 35 individuals with ASD were
randomized to receive Lactobacillus plantarum (PS128) twice a day
or placebo for 16 weeks. After that, intranasal oxytocin spray
(Syntocinon®) was added in both groups, accounting 28 weeks of
treatment. The treatment was well-tolerated and the only side effect
reported was minor nose bleeding. To access the results,
questionnaires such as Aberrant Behavior Checklist (ABC), Social
Responsiveness Scale (SRS) and GI severity index (GSI) were
Applied, besides serum biomarker and stool samples analysis. The
results showed a significant improvement in ASD symptoms and
microbiome network of individuals in combined group (probiotics +
oxytocine), compared to control and probiotics or oxytocine groups
alone. No difference was verified in serum inflammatory markers
between all groups. The biases of the study include the follow-up
losses and the small sample at the end of the intervention period.

In the study performed by Sanctuary et al.(Sanctuary et al., 2019), the
authors evaluated the tolerability and benefits of treatment with the
probiotic Bifidobacterium infantis associated with a prebiotic (bovine
colostrum product - PCB) in 8 children diagnosed with ASD and with
gastrointestinal comorbidities (according to the Questionnaire on
Pediatric Gastrointestinal Symptoms-Rome III Version (QPGS-RII)),
including diarrhea, constipation and/or irritable bowel syndrome. One
group underwent treatment with powdered formulations of

Bifidobacterium infantis associated with PCB or just PCB. After two
weeks, the groups were inverted so that all children received both
treatments for five weeks. Both treatments were well-tolerated among
participants, and the reported adverse effects were flatulence, stomach
pain, and weight gain. In the results, a general improvement in
gastrointestinal symptoms was observed in both groups. Still, there
was a significant reduction in aberrant behaviors such as irritability,
stereotype, hyperactivity, and lethargy during treatment with PCB
compared to the combined one. The results were attributed to a
decrease in the levels of IL-13 and TNF-a in some participants. There
was no difference in the study of feces and urine. A possible bias in
this study was the reduced number of patients, and the lack of a
control group and another group treated only with probiotics. Liu et
al.(Y. W. Liu et al., 2019)evaluated whether the use of L. plantarum
PS128 would be able to reduce clinical symptoms of boys diagnosed
with ASD and found that patients who used the probiotic showed
improvement in scores in the Autism Behavior Checklist-Taiwan
version (ABC-T) and Social Responsiveness Scale (SRS), with no
adverse effects. This study proved to be promising regarding the use
of probiotics to treat ASD, demonstrating a decrease in the intensity
of symptoms, allowing a better quality of life for the patient.
However, the reduced number of patients may be a factor that
interferes with the interpretation of results. Arnold et al. (Arnold et
al., 2019) studied the effects of the probiotic VISBIOME (L. casei,
Lactobacillus plantarum, Lactobacillus acidophilus, Lactobacillus
delbrueckii subsp. bulgaricus, B. longum, Bifidobacterium infantis,
Bifidobacterium breve and S. thermophiles) versus placebo in anxiety
and gastrointestinal symptoms of 10 children diagnosed with ASD,
anxiety and gastrointestinal symptoms (abdominal pain, constipation,
diarrhea and/or vomiting). The results were assessed by scales such as
Gastrointestinal Module of the PedsQL (Pediatric Quality of Life
Inventory) and PRAS-ASD (Parent-Rated Anxiety Scale for ASD), in
addition to fecal examination. Adverse effects were well tolerated and
more observed in the placebo group, with higher flatulence rates,
nasopharyngitis, and other upper respiratory tract infections in the
probiotic group. Unfortunately, the number of participants in this
study was small and, besides, there were food intake variation,
probiotic dose variation, and concomitant medication intake during
the study, which may have interfered with the results. Grimaldi ez al.
(Grimaldi et al., 2018) conducted a randomized clinical trial whose
objective was to assess whether dietary restriction has a positive
impact on the treatment of gastrointestinal and behavioral symptoms
in patients diagnosed with ASD compared to non-restrictive diets.
The researchers also assessed whether the introduction of prebiotics
in both diets would positively impact these populations (Table 1). The
adverse effect observed in patients undergoing non-restrictive diets
was a deficiency in vitamin D intake, and, in both types of diet, well-
tolerated gastrointestinal symptoms, such as constipation and
discomfort, were observed. Despite the promising results, the number
of patients included in the study is small. The study by Shaaban et al.
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(Shaaban et al., 2018) showed that the use of L. acidophilus, L.
rhamnosus, and Bifidobacteria longum, results in good effects on the
intestinal manifestations inherent to ASD, as well as a reduction in
the severity of the autistic condition, showing a possible adjuvant
therapeutic alternative in the treatment of these patients. The observed
adverse effects were mild and transient, including diarrhea, bloating,
abdominal cramps, and a case of rash. However, it is substantial to
note that this is a single-center study with a small number of
participants. Partty et al. (Pértty et al., 2015) conducted a randomized
clinical trial with the objective of assessing the relationship between a
previous  Lactobacillus  rhamnosus GG  administration and
neuropsychiatric disorders. The administration was made from four
weeks before de expected delivery until six months after the birth,
with Lactobacillus rhamnosus GG or placebo to the children or the
breast-feeding mother. The children were analyzed clinically up to 13
years old and behaviorally by their parents and by anchild psychiatrist
or neurologist not involved in the study or follow-up and blinded with
randomization. Attention-deficit hyperactivity disorder (ADHD) or
Asperger syndrome (AS) was diagnosed in 6/35 (17.1%) of the
children in the placebo and zero in the probiotic group by the age of
13 y (P = 0.008). As noted in the studies above, there is a need for
more randomized clinical trials with larger populations to outline the
real effects that these supplements can promote on patients with ASD.
Table 2 gives the bias risk assessment for the included studies.

CONCLUSION

The human diet has been varying intensely according to changes in
daily life. The choice for fast, industrialized foods, associated with
lifestyle and genetic factors can cause changes in the intestinal
microbiota and consequent physiological changes. Recent studies
have made an association between dysbiosis and ASD. Such
discoveries allow the emergence of new therapeutic possibilities.
Studies reveal that prebiotics and probiotics can be beneficial to
patients diagnosed with ASD, leading to an improvement in the
severity of the condition and impulsivity, anxiety, and hyperactivity
resulting in an improvement of the quality of life of patients. Despite
promising results and the possibility of few adverse effects, studies in
the literature differ regarding the type of prebiotic or probiotic and the
doses and pharmaceutical forms used. Therefore, there is a necessity
for more standardized clinical trials to prescribe these supplements in
children with ASD.
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