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Abstract

Autism spectrum disorder (ASD) is a neurodevelopmental condition that can be reliably diagnosed in children by age 18-24 months.
Prospective longitudinal studies of infants aged 1 year and younger who are later diagnosed with autism are elucidating the early
developmental course of autism and identifying ways of predicting autism before diagnosis is possible. Studies that use magnetic
resonance imaging and electroencephalography, have identified differences in brain development in infants later diagnosed with
autism compared with infants without autism. Retrospective studies of infants younger than 1 year who received a later diagnosis
of autism have also showed an increased prevalence of health conditions, such as sleep disorders, gastrointestinal disorders, and
vision problems. We propose two equations to describe this complex disorder: the first indicates the factors at the origin of the
disease, the second synthesizes the different factors leading to a more or less severe disease. Although research findings offer
insight on promising screening approaches for predicting autism in infants, individual-level predictions remain a future goal.
Multiple scientific challenges and ethical questions remain to be addressed to translate research on early brain-based and
behavioural predictors of autism into feasible and reliable screening tools for clinical practice.
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HoBbie npeficTaBnexus 06 ayTu3me: jBa ypaBHEHUs AN ONUCaHUA
CNOXXHOr0 paccTPoMCTBa M pa3paboTKU HOBbIX METOL0B NEYEHUS
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Pestome

PacctpoiictBo aytuctuyeckoro cnektpa (PAC) — 3T0 COCTOSHME HEBPOSIOMMYECKOrO Pa3BNUTIA, KOTOPOE NPEefCTaBAAETCA peanb-
HbIM [JOCTOBEPHO [AMarHocTupoBaTb Yy fAeTeli B Bo3pacte 0T 18 o 24 mecsues. [TpocnekTUBHbIE NPOAOSbHbIE UCCNEL0BaHMS
MafeHLeB B Bo3pacTe 1 roga 1 mnajLle, y KOTOPbIX MO3Xe AUarHOCTUPYIOT ayT3M, YKa3biBalOT Ha Pa3BuUTME ayT3Ma B PAHHEM
BO3pAcTe M MpeanaralT crnocobbl NPOrHO3MPOBAHWS ayTh3Ma A0 BO3MOXHOCTM NPOBEAEHMS AuarHoctuku. lccnemosaHus
C NMPUMEHEHNEM MarHUTHO-PE30HAHCHOW TOMOrpaduu u 3NeKTpoaHuedanorpaduy BbISBUAKM Pa3nnMynsa B pasBUTUM MO3ra
Y M1aJieHLEB, Y KOTOPbIX M03XKe ANArHOCTUPYHOT ayTu3M, N0 CPaBHEHMIO C MNadeHuamu 6e3 aytuama. PeTpocneKkTuBHbIe UCChe-
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J0BaHuA MnageHuUes mnagwe 1 rofa, y KOTOpbIX No3Xe AMarHoCTUPOBANN ayTU3M, TaKKe NoKasann noBbILUEHHY0 pacnpocTpa-
HEHHOCTb HApYLLIEHWii CHa, Xenya04YHO-KMLIEYHbIX PACCTPOMNCTB 1 Npo6siemM co 3peHuemM. Mbl npeanaraem [Ba ypaBHeHus Ans
OMMCaHNA 3TOr0 CNOXXHOr0 PACCTPOICTBA: NEPBOE YKa3bIBAET HA (DAKTOPbI, Nexalline B 0CHOBE 3a60neBaHns, BTOPOe NpeacKasbl-
BAeT pas/nyHble (PAKTOPbI, BNIMAIOLLME HA CTENEHb TAHXKECTN 3a601eBaHNs. XOTS pe3ynbratbl MCCIIeA0BaHNIA Aa0T NpeaCcTaBNeHne
0 NePCrneKTUBHbLIX NOAxX04ax K CKPUHUHTY A1 NPOrH03npoBaHnA ayTi3ma y mnazieHLues, NPOrHo3bl Ha NHANBUAYaNbHOM YPOBHE
0CTaloTCH Lenbto ang 6yaywiero. Heo6Xo0AMMO peLLnTb MHOXECTBO Hay4HbIX NPO61eM U 3TUHECKIX BONPOCOB, Y4TOObI UCCNe0Ba-
HUA PAHHMUX MO3TOBbIX 1 NOBEAEHYECKX NPEAUKTOPOB ayTU3Ma CTanu peasindyemMmbiMin N HaAEXXHbIMWA NHCTPYMEHTAMU CKPUHMHIA
NS KNUHNYECKO NpakTUK.

Knio4eBble cnoBa: paccTpoiicTBO ayTUCTUYECKOro cnekTpa, PAC, paHHas AMarHocTKa, HeliponnacTuyHoCTb

Ins uyutuposanus: Cyapes b., XeH M.-A. HoBble npefcTtasneHus 06 aytuame: 4Ba ypaBHeHUs Ans ONMCaHMS CIOXHOMO paccTpon-
CTBa U paspaboTKi HOBbIX METOAOB NedeHus. Akywepctso, [uHekonorus v Penpogykuws. 2024;18(6):882-890. https://doi.

0rg/10.17749/2313-7347/0b.gyn.rep.2024.526.

What is already known about this subject?

» The diagnosis of autism spectrum disorder (ASD) in children
is based on clinical examination.

» Children are diagnosed around the age of 4.
What are the new findings?

» Using techniques such as magnetic resonance imaging and
electroencephalography, it is possible to make early diagno-
ses as early as 6 months of age.

How might it impact on clinical practice in the foreseeable
future?

» Early diagnosis of a child with an ASD could enable early
therapeutic treatment.

» By taking advantage of the high degree of neuroplasticity in
babies, the severity of the disease could be reduced.

Introduction / BBenenue

Once considered a rare and incurable disease, autism
spectrum disorders (ASDs) are now the focus of an
intense research effort to better understand, diagnose
and treat them. Worldwide, between 1 and 2 % of the
population is directly affected by ASDs, which are part
of a broader group of neurodevelopmental disorders
(NDDs) affecting one in six people. While research has
made considerable progress over the last two decades,
transforming the way autism is viewed and represented,
we thought it would be interesting to take stock of recent
scientific advances concerning ASDs, and early diagnosis
methods enabling early treatment to be proposed [1].

Redefining autism / IlepeocmsbicIeHHE
ayru3ma

ASDs are part of NDDs, which are particularities of
brain functioning that also include "dysdisorders"

OCHOBHbIE MOMEHTbI

Y10 yxe u3BecTHO 06 3Toil TEMe?

» [InarHoctuka pacctpoicTea aytuctuyeckoro cnekrtpa (PAC)
y IeTeN OCHOBbIBAETCS HA KNMHWUYECKOM 00CNeA0BaHNN.

» [lnarHo3 cTaBuTca JETAM B BO3PACcTe 0KOMO 4 neT.
YT0 HOBOTO AT CTaTbA?

» [IpUMeHeHNe MarHUTHO-pPE30HAHCHOW TOMOrpacun u 3nek-
Tpo3HLeanorpaui No3BoMseT NOCTaBUTb PaHHWIA AMATHO3
YXe B BO3pacTe 6 MecsLeB.

Kak aTo MOXET NOBNMATb Ha KIMHNYECKYH) NPAKTHKY
B 0603pumom byaywiem?

» PanHss anarHoctika PAC y aeTern MOXeT N03BOMUTb HayaTb
paHHee neyeHue.

» C y4eTOM BbICOKOW CTEMEHN HENPOMIACTUYHOCTN Y MNafieHLEeB
TSKECTb 3a60/1BaHNS MOXHO YMEHbLUNT.

(dyspraxia, dyslexia, dysphasia), attention deficitdisorders
with or without hyperactivity (ADHD), intellectual deficit
disorders and certain epilepsies. Autism is characterized
by communication and interaction disorders, restricted
interests, sensory atypia and stereotypies (repetitive
and seemingly aimless motor behaviors that the patient
seems compelled to perform). There can be a wide variety
of expressions, depending on whether or not autism
is associated with an intellectual deficit or camouflage
behaviours in a person with a high level of performance
and learning. Diagnosis is clinical, based on symptoms
that usually appear in the 2nd or 3rd year of life. It is
achronic disease, which can be associated with functional
deficits, mental disorders and poor quality of life. Autism
is four times more common in boys than in girls. The
etiology is complex and heterogeneous. Genetic and
environmental factors combine and converge to modify
brain development before birth and during the first year
of life. There is no routinely usable biomarker, and no
effective pharmacological treatment.

poxdoy pue A307000uAx) ‘so11191sq() [EEINEE: M R 7114

uonon

883



https://doi.org/10.17749/2313-7347/ob.gyn.rep.2024.526
https://doi.org/10.17749/2313-7347/ob.gyn.rep.2024.526

26

New perspectives on autism: two equations to describe a complex disorder and envisage new treatments

AxyuiepcTBo, I'mHekoAorusa u Pennpoaykiima [PArZESIve LR

884

Twin analyses and family studies show that genetics
make a very strong contribution to autism. The 1st genes
were identified in 2003, when monogenic forms were
revealed. A single mutated gene, even a single copy of the
gene, can cause autism, intellectual disability or a total
absence of spoken language. Sometimes, a major gene
is involved in less severe forms, in people who speak
very well and have normal or even high 1Q (intelligence
quotient). The influence of genetic mutations is highly
variable. Some genetic variations lead inexorably to
a diagnosis of autism, while for other mutations, people
will be diagnosed less often. Either because they are
not autistic, or because they have not had access to
diagnosis, or because the signs are less tangible. Take
the image of an opera orchestra: if the singer stops
singing, you can hear it right away. On the other hand,
if the 5th violin stops playing, it's much less perceptible.
But if several violins stop playing at the same time,
there's a real difference. Not all genetic variations have
the same consequences. Some will have a strong impact,
while others, more common in the population, will play
a more subtle role. It is the accumulation of the latter
that will increase the probability of being diagnosed with
autism. Monogenic forms of autism are mostly those with
intellectual deficits. When a complete genome analysis
of the individual and his or her parents is carried out, a
genetic originis found in 30 to 40 % of cases of autism
with intellectual disability. It is estimated that here are
around 1,700 genes involved in neurodevelopment,
and just over 200 which, when mutated, give a high
probability of autism. On the other hand, polygenic
forms correspond to more frequent variations in the
population and are responsible for less severe ASD,
without intellectual disability. To use the metaphor of an
orchestra, these variants are like violinists, each playing
a small score. Together, they produce a musical piece.
These mutations give rise to particularities in the brains
of autistic people [2-3].

Mislabeled neuro-visual disorders / HenpasunbHo
AUarHoCTMPOBAHHbIE HelipoBU3YaNbHbIe paccTPONCTBA
Neuro-visual disorders, such as an inability to follow
the gaze, can give rise to an autistic clinical picture.
These neuro-visual disorders can interfere with the
child's ability to interact with the outside world, and
parents may interpret this as an autistic disorder. This
autistic-like clinical pictureis the direct consequence of
neuro-visual disorders. But not all children with neuro-
visual disorders are autistic. There are educational
environmental factors that protect against interaction
disorders. People with autism often have visual features
that resemble the visual features of those with neuro-
visual disorders without autism. Ultimately, there is no
visual difference between the two. It has long been taken
for granted that autistic people see and hear normally,
but primary etiological factors may have been overlooked,

especially as these children are difficult to examine. We
are often only interested in the visual or auditory acuity
aspects, and not in the central cerebral aspects. Basic
disorders may hinder social interaction and predispose to
interaction disorders. Any sensory disorder predisposes
to interaction disorders. We know, for example, that there
are 40 times more cases of autism in visually impaired
children than in the general population [4].

Are autism spectrum disorders connecttopathies and
synaptopathies? / flBnsaoTcs NM paccTponcTea
ayTMCTMYECKOro CNeKTPa KOHHEKTONAaTUSAMK

W cMHanTonaTuamn?

Neurons communicate with each other via white mat-
ter fibers and synapses. There are around 10,000 synap-
ses per neuron. Neurons make up the gray matter.
White matter can be divided into 2 categories: deep
white matter (or long-distance connectome) and su-
perficial white matter (or short-distance connectome).
The latter connects the cerebral convolutions to each
other and contains a large number of neurons. This
complex area, implicated in autism, is known as the
3rd brain substance. The biological role of the genes
involved in ASD concerns the functioning of synapses,
the connections between neurons. This is now better
understood. In some cases, there are slightly fewer syn-
apses, in others more synapses, i.e. a little more or a
little less connectivity between neurons. These partic-
ularities could explain various ASDs symptoms, such
as difficulty adapting to changes in routine and envi-
ronment, as well as hypo- or hypersensoriality, notab-
ly to light, smells and tastes. Digestive disorders are
also very common. The human enteric nervous system
(ENS) contains 400 million neurons. According to re-
cent research, dysfunction of the short-distance con-
nectome explains the social cognition deficit in autistic
patients [5-7].

Non-genetic causes of autism / Herenetnyeckue
NPUYKHBI ayTU3Ma

The bulk of autistic subjects probably have no gene-
tic abnormality, but a neurodevelopmental impairment
linked to deleterious neurological events around birth.
The neurological factors that predispose to autism are
the same as those that predispose to other NDDs. Pre-
maturity, certain medications such as Depakine during
pregnancy, antibiotics, a lack of certain nutrients (vita-
min By, linoleic acid, omega-3, iron, zinc, iodine), pollu-
tants (endocrine disruptors, emulsifiers), viruses and
neuro-inflammation are all events that can be responsible
for ASDs, but also for NDDs. This often results in a tangle
of different manifestations, with overlapping diagnoses.
For example, 50 % of people with autism have ADHD, and
30 % of people with ADHD also have autism.

Prenatal and postnatal exposure to pollutants such
as endocrine disruptors, certain emulsifiers and PFASs

http://www.gynecology.su
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(perfluoroalkylated and polyfluoroalkylated substances)
play a key role in the onset of ASD. Exposure to a single
productis not enough. Research by an international team
has shown that a cocktail of at least 4 or 5 chemicals is
necessary for the disorder to appear. These chemicals
are omnipresent in our environment: cosmetics, kitchen
utensils, plastics, furniture, food, drinking water, etc. We
are all contaminated by these products to varying degrees.
It is this kind of cocktail of chemicals that is responsible
for the extinction of bees in areas of the world where
pesticides are used [8-10].

A recent study has shown that ASDs children undergo
profound changes in their intestinal microbiota at a very
early age. These disturbances in the microbiota, known as
dysbios is, show an imbalance in the intestinal flora, with
an excess of Citrobacter-type bacteria and a deficiency
of Coprococcus and Akkermansia muciniphila bacteria,
which may be at the root of neuroinflammation. This
dysbiosisis often linked to the early use of antibiotics
in pregnant women and their babies. Coprococcus
and Akkermansia play a vital role in the metabolism
of vitamin B and the synthesis of neurotransmitter
precursors, molecules essential to the proper functioning
of synapses and neurons. Neurotransmitters play a vital
role in orchestrating the electrical and chemical signals
of neurons in the brain. It is estimated that 90 % of
neurotransmitters are produced by intestinal bacteria.
This imbalance disrupts the baby's immunity and also
plays a role in the onset of type | diabetes and juvenile
rheumatism. The discovery of this dysbiosis may justify
fecal transplants in ASDs children, who often have severe
digestive problems, with encouraging results in terms of
intestinal symptoms and social cognition. It also justifies
supplementing the diet of expectant mothers with vitamin
B,, iron, iodine, zinc and omega-3 fatty acids [11, 12].

So it's vital to consider ASD as a disease that affects
the whole body, not just the brain.

First ASD equation:
Cocktail of genes + cocktail of environmental factors =
loss of modulation of neuronal and synaptic plasticity

Improving diagnosis and support

for people with autism / IloBsimeHue
KA4€CTBA JUATHOCTHKH U MOIIEPKKH
JIOJIEH C AayTU3MOM

While autism has long been caricatured as a childhood
condition, it now spans the whole of life, and it is vital
that all healthcare professionals — doctors, midwives,
psychologists, speech therapists and occupational
therapists — are better trained. ASDs are not just brain
disorders. They also affect the whole body. Research is

also exploring ways to better include people with autism,
particularly in the urban environment. There is a new
research approach in architectural neurology to creates
paces adapted to the particularities of autistic people:
housing estates with, in particular, softer perspectives,
alcoves, modularity, more subdued lighting and easier
circulation. The next step will be to promote the concept
of neurodiversity, which enables us to celebrate the
diversity of ways of thinking, and to demedicalize what
used to be thought of as pathological in order to enable
greater inclusion.

Three key brain regions for social cognition to better
understand autism / Tpu knro4eBble 061acTH MO3ra,
0TBEYaloLyMe 3a coLuanbHoe No3HaHKe u yyliee
NOHMMaHue ayTu3ma

The cerebellum is a kind of mini-brain housed at the
back of the brain. It contains 3 times as many neurons as
the cerebral hemispheres. It has extremely sophisticated
wiring, giving it enormous computational capacity. The
cerebellumis an organ that coordinates movement and
balance. It is also involved in social behavior and a large
number of higher cognitive functions, notably emotional
memory. It regulates social interaction, aggression,
working memory, learning and emotions. There are
specific neurodynamics in social interactions between
the cerebral cortex and the cerebellum. These neuro-
dynamics are particular to autistic patients. There are
currently research protocols for trans-cranial magnetic
stimulation of the cerebellum in autistic patients [13].

The second region implicated in autistic disordersis
the ventral striatum. This particular brain region ensures
motor control, is part of the reward circuit, plays a role
in social interactions and in the selection of sensory
information. There is a particular balance between the
neuronal populations located in the ventral striatum that
enables social behaviors to be controlled.

The third key brain regionis the parietal lobe. This lobe
is an important integrative zone, generating self-aware-
ness, managing social relationships and proprioception
(the body's position in space). The parietal lobe is
particularly voluminous in Homo sapiens. It is both the
eye and the conductor of the other brain regions. The
development of the parietal lobe, enabling coordination of
hand and vision, enabled us to make the first flint tools, a
key step in the evolution of our species. In autistic disorders,
there is a defect in the connection of short U-shaped white
matter fibers linking this lobe withot her brain regions, as
shown by a Neurospin team in 2018. The dysfunction of
the short-distance connectome would explain the deficit in
social cognition in autistic patients [7].

A fundamental aspect of the human species is the
need for social cooperation, right from birth. This ability
to cooperate and exchange knowledge has enabled us to
survive against predators in the wild. It is now possible to
study social cognition using 2-brain recording methods
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(hyper-scanning). The first studies of interactions
between an ASDs child and an adult should soon be
available [14-19].

Is it possible to detect autism spectrum disorder in the
fetus before birth? / MoxHo nu BbISBUTb PaccTPOICTBO
ayTUCTMYECKOro CNeKTpa y nioda Ao poxaeHus?

If the answer is yes, autism spectrum disorders may
be associated with abnormal embryonic organogenesis,
causing postnatal malformations in some autistic children.
The second important point is that early detection and ear-
ly intervention can improve the long-term course of autism.

Prenatal ultrasound can show early signs of later
autism spectrum disorder. An lsraeli study in 2022
reviewed the fetal ultrasound records of children later
diagnosed with autism. A number of antenatal ultrasound
anomalies were associated with a higher risk of autism.
This was more frequent in girls than in boys. These
signs varied, and included urinary tract pyelectasis,
intracardiac echogenic zones and ventricular septal
defects. In the brain, choroid plexus cysts, ventricular
enlargement and mega-cisterns were noted, suggesting
abnormal development of cerebrospinal fluid circulation.
There could also be a small head circumference and an
enlarged interocular distance [20].

It is now possible to study the functional connectome
of the fetus in the 2nd trimester of pregnancy thanks
to functional magnetic resonance imaging (fMRI). In
2019, a study published by the obstetrics team at
Utrecht University explored 105 pregnant women in
fMRI between 20 and 40 weeks' amenorrhea. The results
are surprising. They show a similarity between the fetal
connectome and the adult connectome in 61 % of cases.
These results indicate that the fetal brain has a functional
connectome that is close to that of an adult as early as
the 2nd trimester of pregnancy. Fetal fMRI should enable
us to better understand the development of the functional
brain connectome, and thus detect NDDs [21].

Is it possible to detect autism spectrum disorders

in infants after birth and before the age of 24 months? /
MoXHo nn 06HapyXuTb PaccTPOMCTBA ayTUCTUYECKOrO
CNeKTpa y MNafieHLEeB NOCJe POXAEHUSA

U [0 24-MecA4HOro Bo3pacra?

The clinical signs of autism typically begin in children
in the second year of life. The majority of children are
diagnosed around the age of four. Early identification of
ASD would enable these children to benefit from early
educational interventions at a time when there is greater
brain plasticity between birth and age 4. This could be of
great benefit to them. They could benefit greatly. Early
biomarkers should tell healthcare teams which children
to target for early intervention, and offer these children
personalized treatment strategies.

The electroencephalogram (EEG) appears to be
an interesting technique for the early diagnosis of

autism from the age of three months in babies at high
risk of the condition. A study by the Boston Children
Hospital team published in 2018 showed that it was
possible, using an artificial intelligence algorithm, to
identify early differences in the complexity of the EEG
signal. These differences were most pronounced in the
frontal lobes in the delta bands. This method enabled
a predictive diagnosis at nine months of age close to
100 % [22].

Another fMRI study, this time in babies at high risk
of autism, carried out at six months of age, predicted
the diagnosis of autism at 24 months. Functional MRI,
coupled with an artificial intelligence algorithm, was
able to detect which connections differed between
children with and without autism, at the age of six
months, an age when there are no behavioral signs
suggestive of autism. The machine was able to
correctly diagnose 9 of the 11 children who went on
to develop autism. It made no mistakes in identifying
children who did not have autism. However, the
machine did not indicate which brain regions or
connections were altered, and gave no indication of
the biology underlying ASDs [23].

These methods, which use the study of the default
mode of the baby's brain, i.e. spontaneous brain connec-
tions when the child is doing nothing in particular, look
promising. Indeed, such biomarkers could tell us which
children to target for early therapeutic intervention, and
reveal the errors in fetal and infant brain development
that lead to autism [24].

Anatomical MRI is also of interest in the diagnosis
of autism by measuring increased cerebrospinal fluid
in children who later develop autism. A 2017 study ex-
plored 221 children at high risk of autism using MRI cou-
pled with a deep learning algorithm at ages 6, 12 and
24 months. An increase in extra-axial cerebrospinal flu-
id was detectable at six months of age in these children.
This increase was associated with greater sleep distur-
bance and diminished verbal skills. This sign could be an
interesting biomarker [25].

The availability to doctors and researchers of an atlas
of cortical sulcus development and an atlas describing
the multiple variations of the short-distance connectome
by the Neurospin teams are already helping to identify
cerebral markers of ASDs. For example, the maximum
depth of a sulcus located in Broca's area, an area of
articulated language and communication, is less in ASDs
children. These new spatio-temporal models of cortical
development should provide clinicians with valuable
brain biomarkers [26-29].

Opening our eyes to autism / OTkpoeM
IVIa3a HA AyTH3M

Pupillary motricity and oculomotricity seem to be
interesting diagnostic methods in high-risk children.

http://www.gynecology.su
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Indeed, children who go on to develop autism have an
increased pupillary reflex to light. Pupillary response is
correlated with the severity of social symptoms. This
change in reflexes may reflect an early abnormality in
the child's cerebral development, but it may also be the
emergence of atypical sensory processes that precede
the onset of later behavioral symptoms. From as early as
two months of age, there are also abnormalities in eye-
tracking, including anomalies in the facial recognition
process. Children who later develop profound autism
show a decrease in ocular fixation between the first 2 and
6 months of life [30, 31].

What preventive measures are possible? / Kakue mepb!
npoyMNaKTUKK BO3MOXHbI?

Since the studies carried out on children in Romanian
orphanages in the 1970s, we have learned the importance
of social relationships in babies. Indeed, orphans who
remained in orphanages had 30 IQ points less than those
placed in foster homes. The pivotal age for this intellectual
loss is around two years of age. In fact, orphans who
remained in orphanages had 30 I1Q points less than those
placed in foster homes. The pivotal age for this intellec-
tual loss is around two years of age. We are also begin-
ning to understand the deleterious effects of screens on
babies. Babies exposed to screens from an early age
show six times more delayed language acquisition than
unexposed children. It also seems important to protect
pregnant women, nursing mothers and their babies from
certain chemical pollutants and endocrine disruptors. In
addition, during pregnancy, the quality of the mother's
diet influences the neurodevelopment of the fetus.
Pregnant women who eat the healthiest diet have the
best-developed babies. In fact, nutrients such as vitamin
B,, iron, iodine, zinc and omega-3 fatty acids appear to
play an essential role in the healthy development of the
fetal brain and baby [32-36].

What to do next? / Yto penatb ganbie?

It's important to use non-stigmatizing language and
methods for parents. In fact, the methods presented in
certain articles are in the field of research, and the signifi-
cant emotional charge associated with an autism diagnosis
must be taken into account. Misdiagnosis is very difficult
for parents. We propose a universal method of education,
suitable for all children and starting at birth. It's important
to know how to use the fantastic learning capacities of the
baby's brain during the 1st wave of neuroplasticity from
birth to age five. According to neuroscientist Stanislas
Dehaene, who heads the Neurospin center: "Computers
and artificial intelligence are no match for a newborn baby,
the absolute model in terms of learning" [37-39].

"Developmental cocooning” / «<KoKoH pa3BuTus»

This is a care program that begins at birth. This
program extends from birth to the age of three, making

the most of the baby's great neuroplasticity. It is an
educational and screening program for parents and early
childhood professionals, focusing on social and sensory
interactions. The idea of this program is to act without
waiting for a diagnosis of autism, in order to reduce the
severity of the disease. Current programs start at the age
of three and beyond. The idea of this program is to build
as best we can the first row of stones on which we are all
built. Indeed, the ingredients for a baby's brain develop
mentare: loving parents, successful breastfeeding, an
environment rich in stimulation, a ban on screens, and a
diet rich in vitamin By, omega-3 fatty acids, iron, iodine
and zinc [40, 41].

Second ASD equation - disease severity:
ASD Severity = Environmental Factors x Polygenic
Score x Brain Imaging Score/ Resilience Factors
ASDS = EF x PS x BIS/RF

Discussion / O6cy:xaeHue

MRl and EEG methods coupled with artificial
intelligence do not effectively predict autism severity
in at-risk children. Nor do polygenic genetic scores.
What's more, these technologies are not available on
a routine clinical basis. They raise important ethical
questions. However, a child's quality of life depends on
the interventions he or she receives and how early they
are implemented. The search for autoimmune diseases
in pregnant women, which often go undetected, should
enable us to learn more about one of the causes of
cerebral neuroinflammation in the fetus, and a possible
cause of ASDs [42].

These discoveries concerning the genetic component
of autism are not purely descriptive, they also open up
new therapeutic perspectives and the possibility of
precision medicine. The genetic diagnosis of autism is
no longer a measured finding. We are now in a position
to propose a personalized care strategy. Understanding
the genetic basis of autism has paved the way for an ap-
proach based on individual genetic diagnosis. In certain
cases, this diagnosis can lead to personalized therapeutic
adaptations. For example, in people with Smith-Magenis
syndrome, a genetic disorder caused by a microdeletion
of chromosome 17, it is beneficial, in order to restore
the sleep-wake cycle of melatonin secretion, to prescribe
melatonin in the evening and beta-blockers which inhibit
melatonin secretion during the day. This treatment will
enable people to get better and resume their social and
professional lives. In some cases of ASDs children with
intestinal microbiota disturbances, fecal transplants have
been successfully tested. Other syndromes will benefit
from a different treatment, meaning that diagnosis is now
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beginning to change the way we treat them. ldentifying
genes also enables us to detect metabolic diseases

such as phenylketonuria, which are at the root of autism.

This metabolic disease leads to an accumulation of
phenylalanine in the body, which is toxic to the child's
developing brain and causes intellectual impairment. It is
then possible to modify the child's diet so that he or she
does not suffer from intellectual deficiency. Clinical studies
are underway to assess the efficacy of lithium on people
with a Shank 3 gene mutation. In certain forms of autism
with intellectual disability and/or epileptic seizures, forms
of gene therapy may be possible in the future. The brain
is a highly complex organ, and a great deal of research is
still needed to develop these therapies [43, 44].

The discovery of biomarkers for autism should
revolutionize the diagnosis of ASDs based on the current
clinical classification, and make it possible to establish
precision diagnoses for each patient. This new biological
classification will make it possible to differentiate
between genetic, environmental and mixed forms. This
process is already underway in oncology, where the
current classification of tumors based on anatomy and
organ location is gradually being replaced by biological
classification, with some innovative treatments being
proposed according to the genetic profile of tumors

rather than their location. Precision treatment of ASDs
will then be possible, tailored to the biological profile of
each patient [45].

Conclusion / 3axiIrouenue

Sophisticated imaging methods coupled with artifi-
cial intelligence algorithms make it possible to diagnose
autism in infants before the age of 24 months. A combi-
nation of measurements in a child offers a better predic-
tion of diagnosis than a single measurement. The care
methods applied to babies from birth onwards require an
efficient and competent human presence. It is important
to trace the early development of autism at several levels
of analysis: clinical, genetic, cerebral, behavioral and
child health. If these screening methods are to become
usable in clinical practice, they must be combined with
beneficial interventions in children, and help to improve
the quality of life of individuals diagnosed with autism.
Our future studies must answer the questions asked
by parents of babies at high risk of autism, and more
generally by all parents:

— Will their child be autistic or not?
— Will their child have a severe form of autism or not?
— Will their child be independent in later life?
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