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The gut microbiota has emerged as a crucial determinant of neurodevelopmental processes. Early colonization of the
gastrointestinal tract is essential for immune system maturation, metabolic regulation, and the establishment of the gut—
brain axis, which collectively influence cognitive and behavioral outcomes. An increasing body of evidence demonstrates
strong associations between gut microbial composition and neurodevelopmental disorders such as autism spectrum
disorder (ASD) and attention-deficit/hyperactivity disorder (ADHD). Experimental studies suggest that microbiota
alterations can modulate stress responses and social behavior, even when microbial balance is later restored. Human
epidemiological research indicates that early antibiotic exposure can disrupt gut microbial diversity, thereby heightening
susceptibility to neuropsychiatric conditions. Preventive use of probiotics during infancy has shown potential in reducing
later-life risks of such disorders. A large Swedish cohort study revealed that both prenatal and early-life antibiotic
exposure are associated with increased odds of ASD and ADHD. Additional evidence supports the link between antibiotic
administration and impaired cognitive performance, executive functioning, and language development. Microbiota-based
interventions, including probiotic supplementation and fecal microbiota transplantation, have demonstrated improvements
in gastrointestinal and behavioral symptoms in children with ASD. Furthermore, environmental exposures — such as to
triclosan — may contribute to adverse neurodevelopmental outcomes. These findings underscore the role of early microbial
modulation as a potential preventive or therapeutic strategy for neurodevelopmental disorders. From an educational
standpoint, integrating microbiome science into medical and pharmaceutical curricula could enhance professionals’
understanding of the gut—brain connection and foster evidence-based approaches to early-life health interventions. Future
interdisciplinary research is required to clarify causal mechanisms, optimize microbiota-targeted therapies, and evaluate
their long-term effectiveness.
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Yana €anzaBera, Anamuyk-Yamna Hapgis. Po3yminns 3B’A3KY Mizk paHHiM BIJIMBOM aHTHOIOTHKIB i

HelPOPO3BUTKOBHMH PO3J1aaMH: HACTIAKH JJIs1 MeIHYHOI Ta papManeBTUIHOI OCBIiTH

MikpobioTa KHIIICYHHUKA Je/ali OlIbIIC BUBHAETHCS BAKIIMBUM YHHHHUKOM, 1[0 BIUTHBAE Ha (DOpMYBaHHS Ta (PyHKIIIO-
HYBaHHS HEPBOBOI CUCTeMHU. PaHHE 3aceNieHHS Ty HKOBO-KHUIIIKOBOTO TPAKTY MIKpOOPraHi3MaMH Biirpae KIFOYOBY POJIb
y PO3BUTKY IMyHHHX 1 METa0OJIIYHUX MPOLECIB, SKi BU3HAYaIOTh KOTHITUBHI Ta MOBEIHKOBI PE3YJIbTaTH B IOJAIBILIOMY
*KUTTi. HU3Ka cydacHHWX JOCIHIKCHb BUSBWIIA TiCHUH 3B’S30K MK CKJIAZOM KHIIIKOBOi MiKpOOIOTH Ta BUHHUKHCHHSIM
HEHpPOPO3BUTKOBHUX PO3JAiB, 30KpeMa posnamy crekrpa aytusmy (PAC) i curapoMy medinuTy yBar 3 rinepakTHBHIC-
10 (CAVYT). ExcriepuMeHTanbHI MOIENI OKA3yIOTh, 1[0 3MIiHH Y CKJIaAi MIKpOOiOTH MOXYTh BIUTMBATH HA peakiii Ha
CTpec 1 MOBEMIHKY HaBiTh Micis 11 BimHOBIACHHA. JlaHi KIIHIYHUX AOCHIHKEHb CBIIYaTh, 110 PAHHIA BIUIUB aHTHO10TH-
KiB MOYKE TIOPYIIIyBaTH OanaHCc MIKpOOiOTH KUILEYHHKA, MMiJBUIIYIOYH PH3UK PO3BUTKY HEHPOIICHXIaTPUUHHUX PO3JIAIiB.
[Ipodinakruune 3acTocyBaHHS NMPOOIOTHKIB Yy PaHHBOMY Billi JIEMOHCTPY€E MOTEHIIAN Y 3HWKEHHI PU3UKY PO3BUTKY
TaKUX MOpPYyLIeHb Y MallOyTHbOMY. 30KpeMa, KoropTHe Jociipkerns y [IBenii BctaHOBMITO, IO SK MTpEeHATAIBHUMN, TaK 1
TTICIIATIONOTOBHH BIUIMB aHTHOIOTHKIB aCOIIIOETHCS 3 MiABHIIeHIMH maHcaMu po3BUTKy PAC i CJIVYT. [nmi HaykoBi gaHi
BKa3yIOTh Ha 3B’S30K MK BUKOPHUCTAHHAM aHTHOIOTHKIB 1 3HIDKCHHAM KOTHITUBHUX (YHKIIIH, BAKOHABUMX 3MI0HOCTEH 1
MOBJICHHEBOTO PO3BHUTKY Yy HiTed. JloBeneHo, 1o Teparii, cipsiMoBaHi Ha MiKpOO10Ty KHIIIEYHUKA, 30KpeMa PoOI0THKN
Ta TpaHCIUIaHTalis (eKaabHOI MIKPOOIOTH, MOXKYTh IMOKPAIILYyBaTH SIK IITYHKOBO-KHIIIKOBI CUMIITOMH, TaK 1 MOBEAIHKOBI
rokazHuky y airedt i3 PAC. Kpim Toro, eKoyoriuHi YuHHHUKH, SIK-OT BIUTUB TPUKJIO3aHY, TAKOXK MOXYTbh BiJlirpaBaTH poJib
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y 3MiHI HEHpOpO3BUTKOBHX TporeciB. Lli pe3yasrari BKa3zylOTh Ha INEPCIEKTHUBHICTh PAHHBOI MOIYISLIl MikpoOioTn
SIK TMIXOAY A0 TpodilakTHKK ado JTiKyBaHHS HEHPOPO3BUTKOBHUX po3namiB. [logamemn qOCiKeHHS MarOTh BU3HAYH-
TH TIPUYUHHO-HACTIIKOBI 3B’SI3KH Ta JOBTOTPUBAIY €(EKTHBHICTH TEpaIliii, OPIEHTOBAHMNX Ha MIKpOOiOTy. Y KOHTEKCTI
MeIUYHOI Ta (apMaleBTHYHOT OCBITH BaXIJIMBO (hopMyBaTH y MailOyTHIX (axiBILiB PO3yMIHHSI B3a€EMO3B’SI3KY MIXK
MiKpoOioMoM, (hapMaKOJIOTIYHUMH BIUTUBAMH Ta TICHXOHEHPOJIOTIYHUM 310pOB’SIM JIFOAMHH, IO CHPHUSITUME PO3BUTKY

MIPEBEHTUBHUX CTpATETill y KITHIYHIA TPaKTHIL.

KurouoBi ciioBa: aHTn610THKHM, CHHIPOM AeIUTY YBaru 3 rilepakTUBHICTIO, PO3JIajl CIIEKTpa ayTH3MY, MikpodioTa
KHIICYHUKA, HEHPOPO3BUTOK, IPOOIOTUKH, OCBITHI ITiTXOIIH.

Introduction. The gut microbiota as a potential
regulator of neurodevelopment has been a highly
relevant subject of research in recent decades
in the fields of biomedicine, immunology and
nutrition. The formation of the gut microbiota in the
immediate postnatal period has a decisive impact on
the development and functioning of many immune
and metabolic systems, which is an integral part
of the health and well-being of living organisms
1, 2, 3, 4. Recent studies revealed a link between
the gut microbiome and autism spectrum disorder
(ASD), which was validated in a mouse model of
ASD where the microbiome was mechanistically
linked to abnormal metabolites and behavior 5.
How the presence of intestinal microbiota regulates
the activity of the Hypothalamic-Pituitary-Adrenal
(HPA) system is shown in the article 6. The authors
experiments on rodents provide convincing evidence
that the microorganisms inhabiting the gut affect
neurodevelopment. The researchers aimed to find out
whether there are other changes in brain function,
such as behavioral changes in germ-free (GF)
mice, and if so, to compare them with the behavior
of mice with a normal gut microbiota. They also
noted the effect of reducing anxiety-like behavior
in the Elevated Plus Maze (EPM) in adult GF mice
compared to traditionally raised specific pathogen-
free (SPF) mice. They also presented data collected
when adult GF mice were subsequently colonized
with SPF feces, thereby reintroducing normal gut
microbiota, and then re-evaluated for anxiety-like
behavior. Interestingly, the anxiolytic behavioral
phenotype observed in GF mice was preserved after
colonization with the SPF gut microbiota. These data
show that gut-brain interactions are important for the
development of central nervous system (CNS) stress
responses and that there may be a critical period
after which microbiota and immune system recovery
does not normalize the behavioral phenotype. Early
work in transferring animal data to the clinic was
initiated by studies 7, that demonstrated the link
between gut microbiota and cognitive processes in
infants. The first years of human life are a dynamic
time of gut colonization and brain development, but
our knowledge of the relationship between these
two processes is still fragmented. In particular, it is

known that experimental manipulations that alter
the gut microbiota affect learning, communicative
behavior, and cognitive abilities. In study 7, the
authors tested whether microbial composition at age
1 was associated with cognitive outcomes using the
Mullen Early Learning Scale, as well as with global
and regional brain volumes using structural magnetic
resonance imaging at ages 1 and 2. Fecal samples
were collected from 89 normally developing 1-year-
old children. The sequencing of 16S ribosomal RNA
amplicons was used to identify and quantify bacterial
taxa. Based on the results of the cluster analysis,
3 groups of infants were identified that differed
in bacterial composition. Scores on the Mullen
scale at the age of 2 years differed significantly
between clusters. In addition, higher alpha diversity
was associated with lower scores on the Total
Comprehensive Assessment, Visual Reception Scale,
and Expressive Language Scale at age 2. Previous
analyses of neuroimaging data suggest that the gut
microbiome has minimal impact on regional brain
volumes at 1 and 2 years of age.

Antibiotics are often prescribed to infants. In
addition to the growing concern about antibiotic
resistance, there is also a concern about the potential
negative impact of antibiotics on gut microbiota and
health and developmental outcomes. Following this
line of research, a study was conducted to examine
antibiotic exposure in the first 24 months of life and
neurocognitive outcomes at age 11 years 8. The
authors wanted to determine the relationship between
early antibiotic exposure and later neurocognitive
outcomes. Participants were infants born to mothers
who had participated in a probiotic study. The original
study was designed to evaluate the effects of two
different probiotics on allergy outcomes in childhood.
Antibiotic exposure was based onparental reports
and was categorized according to the following time
of first exposure: 0-6 months, 6-12 months,
12-24 months, or none at all. At age 11 years,
childrens neurocognitive outcomes were assessed
using a  psychological interview, parental
questionnaire, and self-assessment. The association
between the time of antibiotic exposure and
neurocognitive outcomes was investigated using
regression models. Among the 474 participants who
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were initially enrolled in the study, 342 (72%)
children passed the neurocognitive assessment at the
age of 11 years. According to the findings, after
adjusting for mode of delivery, probiotic therapy
group assignment, income, and breastfeeding,
children who received antibiotics in the first 6 months
of life had significantly lower overall cognitive
ability and verbal comprehension, and an increased
risk of problems with metacognition, executive
function, impulsivity, hyperactivity, attention deficit
hyperactivity disorder (ADHD), anxiety, and
emotional problems. It is well known that antibiotic
therapy affects the gastrointestinal (GI) microbiome,
and antibiotic use may also play a role .linked to
neurodevelopmental disorders such as autism
spectrum disorder (ASD) and attention-deficit/
hyperactivity disorder (ADHD) in the etiology of
autism and ADHD. Current experimental evidence
suggests that the gut microbiota can alter the functions
of the nervous system, which provides new insights
into the mechanism of neuropsychiatric disorders [1,
2, 3]. This problem has become particularly relevant
because antibiotics are the most common type of
medication used during pregnancy and childhood.
However, the results of studies on the link between
antibiotic exposure and ADHD have been
controversial 9, 2, 3. A population-based retrospective
cohort study was conducted 9. To collect data on
children, the National Health Insurance Research
Database of Taiwan was used. The prevalence of
antibiotic use in children (age 2 years) included in
this study was analyzed. There were 1,601,689
children enrolled in this study between 2004 and
2012. The risk of developing ADHD was assessed
using the Cox proportional hazards model. 71.25% of
children took at least one antibiotic, and the average
follow-up period was 7.07 years. After controlling
for other comorbidities, children who took antibiotics
had a 1.12 times higher risk of developing ADHD
than those who did not take antibiotics. The risk of
ADHD was increased by penicillin and cephalosporin,
regardless of the duration of antibiotic use. A Swedish
population-based cohort study was also conducted 2,
which identified the impact of antibiotics during
pregnancy and early life and the risk of autism and
attention deficit hyperactivity disorder in childhood.
Participants in this population-based cohort study
from Sweden included all first live singleton births
(N = 483,459) between January 2006 and December
2016. The association between antibiotic use and
autism and ADHD in children aged < 11 years was
assessed using multivariable logistic regression
models and generalized estimating equations (GEE).
Among mothers, 25.9% (n = 125,106) received >1

antibiotic during the exposure period (3 months
before conception to delivery), and 41.6% (n
201,040) of children received >1 antibiotic in early
life (aged <2 years). Penicillin was the most common
class of antibiotics (17.9% of mothers, and 38.2% of
children). Maternal antibiotic use was associated
with an increased risk of autism [odds ratio (OR) =
1.16, 95% confidence interval (CI) 1.09-1.23] and
ADHD (OR = 1.29, 95% CI 1.21-1.36) in childhood.
Exposure to antibiotics in early life showed an even
stronger association [autism (OR = 1.46, 95% CI
1.38-1.55); ADHD (OR = 1.90, 95% CI 1.80-2.00)].
Sub-analyses of both maternal and child exposure
indicate a dose-response relationship. Seventy-five
infants were studied, randomized to receive
Lactobacillus rhamnosus GG (ATCC 53103) or
placebo during the first 6 months of life and then
followed for 13 years. The gut microbiota of the
study children was assessed at 3 weeks, 3, 6, 12, 18,
24 months, and 13 years of age by fluorescein in situ
hybridization (FISH) and qPCR, and indirectly by
blood group secretor type at 13 years of age. The
diagnoses of ADHD and Asperger&#39;s syndrome
(AS) were made by a pediatric neurologist or
psychiatrist based on ICD-10 diagnostic criteria. At
the age of 13 years, 6/35 (17.1%) children in the
placebo group were diagnosed with ADHD or ASD,
and none in the probiotic group (p-value = 0.008).
The mean (S.D.) number of Bifidobacterium bacteria
in feces during the first 6 months of life was lower in
sick children (8.26 (1.24) log cells/g) than in healthy
children (9.12 (0.64) log cells/g); p 0.03.
Researchers proved that the use of antibiotics during
pregnancy and early childhood is associated with an
increased risk of developing autism and ADHD in
childhood. Differences were noted, however,
depending on the period of exposure and classes of
antibiotics. The above-mentioned studies evidenced
a link between the use of antibiotics during pregnancy
and early childhood, as well as autism and ADHD in
childhood. The findings indicated that antibiotic use
during pregnancy may be associated with an increased
risk of ADHD in children. However, there was
insufficient evidence of a link between antibiotic use
after birth and ADHD risk. Further studies using
more valid methods were required before a conclusion
could be drawn over a long period. A more in-depth
study of the effects of antibiotics and the onset of
attention- deficit/hyperactivity disorder in children
was conducted in study 3 , using a systematic
approach and meta-analysis. On January 1, 2021, the
authors searched several databases (PubMed, APA
PsycINFO, EMBASE) to identify relevant studies.
A random effects model was used to calculate the
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pooled risk score. Statistical heterogeneity was tested
using the chi-square test and the 12 statistic. Four risk
estimates of antibiotic use during pregnancy and
eight risk estimates of antibiotic use after birth were
made. The pooled odds ratio was for the ADHD
score. The authors suggested that antibiotic exposure
depended on the type of antibiotic and the number of
antibiotic doses, which in turn may influence the
association between antibiotic exposure and ADHD.
However, a systematic understanding of the etiology
of Neurodevelopmental Disorders (NDD) and their
association with other conditions in childhood and
adolescence was mnot complete. More detailed
analytical work is presented in a paper on the meta-
analysis of genetic effects associated with
neurodevelopmental disorders (NDD) and related
conditions in children [10]. The researchers
synthesized the literature on the contribution of
genetic and environmental factors to the development
of NDD, the intersection of genetic and environmental
factors between different NDDs, and the combination
of NDD with disruptive disorders, impulse control,
and conduct disorders (DICC). The search was
conducted on three platforms: Web of Science, Ovid
Medline, and Ovid Embase. Studies were included
only if 75% or more of the sample consisted of
children and/or adolescents, and the etiology of NDD
and DICC was determined using single-generation
family designs or genomic methods. Studies in which
participants were selected based on unrelated
diagnoses or trauma were excluded. A multilevel
random-effects meta-analysis of 296 independent
studies involving more than four million (partially
overlapping) individuals was performed. Thus, they
found that all NCDs were significantly heritable
(family-based heritability, 0.66 (s.e. = 0.03); SNP-
based heritability, 0.19 (s.e. = 0.03)). The meta-
analytic genetic correlations between the NDDs were
moderate (large genetic correlation based on family
heritability — 0.36 (s.e. = 0.12); large genetic
correlation based on SNPs — 0.39 (s.e. = 0.19)) but
differed significantly between pairs of disorders.
Genetic overlap between NPD and DICD was strong
(large family-based genetic correlation, 0.62 (s.e. =
0.20)). In general, microbiota transfer therapy
changes the gut ecosystem and improves
gastrointestinal symptoms. Some open studies have
highlighted its impact on autism symptoms 5, 11 and
related effects in humans 8, 12, 13, 14, 15. ASDs are
complex neurobiological disorders that impair social
interaction and communication and lead to restricted,
repetitive, and stereotyped patterns of behavior,
interests, and activities 5 . The causes of these
disorders remain poorly understood, but the gut

microbiota, the 1013 bacteria that live in the human
gut, is thought to be involved, as children with ASD
often suffer from gastrointestinal disorders that
correlate with ASD severity. Several previous studies
have reported abnormal gut bacteria in children with
ASD. This small, open-label clinical trial evaluated
the effect of microbiota transfer therapy (MTT) on
gut microbiota composition and ASD symptoms in
18 children diagnosed with ASD. The MTT included
2-week antibiotic treatment, bowel cleansing, and
then advanced fecal microbiota transplantation
(FMT) using a high initial dose followed by daily
dosing and smaller maintenance doses for 7-8 weeks.
The Gastrointestinal Symptom Rating Scale revealed
an approximately 80% reduction in gastrointestinal
symptoms at the end of treatment, including
significant improvement in symptoms of constipation,
diarrhea, indigestion, and abdominal pain. The
improvement was maintained 8 weeks after treatment.
Similarly, clinical assessments showed that behavioral
symptoms of ASD improved significantly and
remained improved 8 weeks after treatment. Bacterial
and phage sequencing analysis showed successful
partial engraftment of the donor microbiota and
positive changes in the intestinal environment. In
particular, the total bacterial diversity and the number
of Bifidobacterium, Prevotella, and Desulfovibrio
among other taxa increased after MTT, and these
changes persisted after treatment was discontinued
(follow-up was conducted for 8 weeks). It is known
that viral diseases in children are common and often
treated with antibiotics. The age of first exposure to
antibiotics and the consequences of neurological
development in childhood are particularly important
12. The authors showed the ability of antibiotics to
reduce the diversity and composition of the gut
microbiota, which leads to a deterioration in the
cognitive and behavioral development of children
aged 4.5 years. The researchers controlled numerous
risk factors, including otitis media. The study
included 5589 children enrolled in the broadly
generalized Growing Up in New Zealand cohort
study with data on antibiotic exposure, antenatal
maternal information, and behavioral and cognitive
outcomes at 4.5 years of age. Children were classified
as having been exposed to antibiotics for the first
time according to the following mutually exclusive
age categories: 0—2 months; 3—5 months; 6—8 months;
9—11 months; 12-54 months; or not exposed to
antibiotics before 54 months. Developmental
assessments included the Strengths and Difficulties
Questionnaire, the Lurie Handclap Test, and the
Peabody Picture Vocabulary Test-II1. In a univariate
analysis, a clear dose-response relationship was
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found, where earlier exposure to antibiotics during
the first year of life was associated with behavioral
difficulties, lower executive function scores, and
lower receptive language ability. After adjusting for
confounding factors, pairwise comparisons showed
that the first exposure to antibiotics between birth and
3 months or between 6 and 9 months was associated
with lower receptive vocabulary. Exposure to
antibiotics at any age before 12 months was associated
with increased behavioral difficulty scores at 4.5 years
of age. A systematic review 13 shows the impact of
microbiome composition on impulsive and violent
behavior. It shows the influence of microbiomes on
brain function and human behavior. The authors
focused on critical factors that influence the formation
of microbiomes that can affect human health in later
life, such as the method of delivery, early feeding,
and early exposure to antibiotics. They searched
PubMed, Web of Science, and the Cochrane Library,
and included original human studies that examined
adults and children with impulsive and/or aggressive
behavior, assessed the composition of the
participants&#39; gut microbiota, delivery method,
infant feeding regimen, or early exposure to
antibiotics. The bibliographic search yielded 429
articles, of which 21 met the eligibility criteria. Two
studies presented data on patients with schizophrenia
with aggressive behavior, and 19 studies presented
data on patients with ADHD. The results showed that
several bacterial taxa are associated with ADHD
symptoms and aggressive behavior in patients with
schizophrenia. No association was found between the
method of delivery and impulsive behavior, and no
article was found linking the way babies are fed to
aggressive behavior. A large-scale study conducted in
China 14 (reported exposure to triclosan from
everyday antimicrobials in early life with the effect
of increasing the potential risk of developing autism
spectrum disorders. Maternal exposure to triclosan
(TCS) significantly increases autistic behavior in
rats, possibly due to disruption of retinoic acid
neuronal  signaling.  Although environmental
endocrine disruptors (EDs) have been linked to
autism in humans, little attention has been paid to the
link between TCS, one of the EDs found in commonly
used antibacterial care products, and autism. A total
of 1345 children with ASD and 1183 children with
typical development (TD) from 13 cities in China
were registered. Childrens ages ranged from 2 to 7
years. A questionnaire was used to investigate
maternal use of antibacterial products of daily use
(APDU) during pregnancy. The main symptoms of
ASD were assessed using the Autism Behavior
Checklist (ABC), Childhood Autism Rating Scale

(CARS), Social Response Scale (SRS), and the Child
Neurobehavioral Scale-Revised 2016
(CNBS-R2016). The concentration of TCS was
measured by LC-MS/MS. Maternal TCS during
pregnancy can be an unrecognized potential
environmental risk factor for ASD (OR = 1.267,
p-value = 0.023). Maternal use of antibacterial daily
necessities (UADN) TCS levels during pregnancy
were strongly correlated with TCS levels in offspring
(adjusted B = 0.277, p-value = 0.001). TCS
concentrations were higher in children with ASD
(p-value = 0.005) and positively correlated with ABC
scale scores (sensory subscales: p-value = 0.03;
social self-help subscales: p-value = 0.011) and SRS
scale (social awareness subscales: p-value = 0.045;
social communication subscales: p-value = 0.001;
autism behavioral subscales: p-value = 0.006; total
SRS score: p-value = 0.003) in children with ASD.
This relationship was more significant in boys than in
girls. Another systematic review 15 proved the effect
of gut microbe-based treatment on gut microbiota,
behavioral symptoms, and gastrointestinal symptoms
in children with autism spectrum disorders. Many
studies have identified some abnormalities in
gastrointestinal (GI) physiology (e.g., increased
intestinal ~ permeability, generalized microbiota
changes, and intestinal infection) in children with
ASD. According to the authors, changes in the
intestinal flora may be associated with the severity of
GI and ASD symptoms. The current evidence from
the Cochrane Library, EBSCO PsycARTICLES,
PubMed, Web of Science, and Scope databases was
analyzed until July 12, 2020. The analysis included
experimental studies that used gut microbe-based
treatments in children with ASD. Independent data
extraction and quality assessment of the studies were
conducted by PRISMA. As a result, 16 articles were
selected, and found that some interventions (e.g.,
prebiotics, probiotics, vitamin A supplementation,
antibiotics, and fecal microbiota transplantation) can
alter the gut microbiota and improve behavioral and
GI symptoms in patients with ASD.

Conclusions. Taking probiotics at an early age
may reduce the risk of developing neuropsychiatric
disorders in later childhood, possibly through
mechanisms beyond the composition of the gut
microbiota. Researchers have shown that taking
probiotics at an early age can reduce the risk of
developing neuropsychiatric disorders in later
childhood, most likely through mechanisms beyond
the gut microbiota. The use of antibiotics in children
especially penicillin and cephalosporin has been
associated with an increased risk of ADHD. Evidence
is provided to inform and potentially guide clinical
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and educational diagnostic procedures and practice.
The imbalance in research efforts that characterizes
developmental genetics research is highlighted.
A research protocol for long-term treatment is
presented as a promising approach to altering the gut
microbiome and gut vermis and improving gut and
behavioral symptoms of ASD. Improvements in GI
symptoms, ASD symptoms, and microbiome were
maintained for at least 8 weeks after treatment was
completed, suggesting a long-term impact. Similarly,
a study of children with ASD found that oral treatment
with non-absorbable antibiotics improved GI and
ASD symptoms, but only temporarily. After adjusting
for socioeconomic factors and otitis media, there is
evidence that antibiotic exposure during potentially
sensitive developmental periods is associated with
receptive language and behavior in later childhood.
The potential involvement of microbiomes in the
pathophysiology of impulsive and violent behavior
in humans is considered. The gap in knowledge about
the relationship between the gut microbiome and
these extreme behaviors is filled. For the first time,

a case-control study was performed to investigate
the correlation between TCS and ASD. The results
suggest that maternal UADN during pregnancy
may be a potential risk for ASD in children. Further
determination of TCS levels showed that maternal
UADN during pregnancy may be associated with
excessive TCS exposure. In addition, TCS levels in
children with ASD are higher than in children with
TD. Higher TCS levels in children with ASD may
be significantly associated with more severe core
symptoms, and this association was more significant
in male children with ASD. The gut microbiota may
become a new target for individuals with ASD in
the future. It is suggested that interventions on the
gastrointestinal tract and behavioral symptoms in
patients with ASD can be effective. The findings
support the implication of microbiota alterations
in psychiatric diseases, and fecal bacteria may be a
potential new marker of gut microbiota in ADHD.
Future research is needed to confirm these findings
and to clarify the temporal and causal relationships
between these variables.
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