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ABSTRACT:
Autism is a complex disorder without a specific diag-

nosis, so the disease is defined by its specific characteristics
described in the literature as cognitive defects, social, com-
munication and behavioral problems, repetitive behaviors,
unusual sensitivity to stimuli such as noise, restricted inter-
ests, and self stimulation. There are many models in the
literature explaining the biology of autism, which are based
on genetics, immunity, various environmental factors and
diet. There is a lot of literature data that people with Autism
Spectrum Disorders (ASD) often have gastrointestinal prob-
lems that also affect their behavior. ASD suffer developmen-
tal disabilities from an early age, which can be both physi-
cal and psychological. Often people suffer these problems
even throughout their lives. This review aims to provide
basic information on definitions, historical data, diagnostic
methods, behavioral etiology, gastrointestinal and social
problems in adults and children with ASD.
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INTRODUCTION
In the recent years, there was a tremendous increase

in the number of scientific publications in peer-reviewed
journals on the problems of people with autism (ASD),
which has made patients and medics much more informed
about the problem. Autistic Syndrome Disorders (ASD) in-
clude many social problems such as behavioral abnormali-
ties and nervous system problems, genetic changes, and
gastrointestinal problems that recur throughout life (Autism
and Developmental Disabilities Monitoring Network Sur-
veillance Year 2008 Principal Investigators and CDC,
2012) [1]. The term “autism spectrum disorders” (ASDs),
which is defined by various experts in this field, reflects
the wider range of clinical manifestations that today de-
fine autism [2]. ASDs represent 3 of the pervasive develop-

mental disorders defined in the Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition (DSM-IV), 3
and the newer Diagnostic and Statistical Manual of Men-
tal Disorders, Fourth Edition, Text Revision (DSM-IV-TR )
4: autistic disorder (AD), Asperger syndrome (AS), and per-
vasive developmental disorder – not specially specified
(PDD-NOS). There is evidence that even in the DSM-IV-
TR categories, additional subtypes can be defined. There
are much clinical evidence that people with autism have
gastrointestinal (GI) problems, which scientists explained
by decreased bifidobacteria and increased Clostridium spp.,
Desulfovibrio spp., Sutterella spp. and/or Veillonellaceae
[3]. Studies to date have shown that genetic predisposition
mainly plays a role in the onset of the disease but is also
influenced by the various environmental factors to which
the mother is exposed during pregnancy [4]. Usually, the
first symptoms appear before and around 3 years of age and
today, there is still no drug treatment for ASD. Initially,
there are disorders in nervous development, social relation-
ships and communications, limited communication abili-
ties and others. It all starts before the age of 3. Autism is
thought to affect the processing of information in the brain
by changing the way nerve cells and their synapses con-
nect, but there is still no clear evidence that this is true.
The other two known disorders (ASD) are Asperger’s syn-
drome, in which there are no delays in cognitive develop-
ment and language - called atypical autism and PDD-NOS
- when no comprehensive developmental disorders are in-
dicated. ASD can have a negative impact and destroy fami-
lies who are not well informed about how to burden them-
selves with a child with autism, as communication with
such children is very difficult [4]. According to data from
parents of children with autism, there are many problems
related to the time of eating and limiting the type of food
they consume. This problem, called selective eating, can
lead to so-called inadequate nutrition and lead to a lim-
ited diet. This is a serious problem facing families of chil-
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dren with ASD. More and more attention was paid to the
possible inclusion of a variety of foods in people suffer-
ing from ASD as one of the methods of treatment and
change in the behavior of ASD. In these treatments, the ef-
fect of different diets on physiological and behavioral
changes in children with ASD has been observed [4].

The main goal of this review is to summarize the lit-
erature data on social and gastrointestinal problems in
adults and children with autism, which can be used to bet-
ter understand, diagnose and follow diets.

Social and GI problems of adults with autism
There are many problems in predicting autism due

to the very wide range of cognitive, linguistic, social and
behavioral functions associated with the condition. Despite
many studies in adolescents or adults with autism, the prog-
nosis information remains inconclusive due to the hetero-
geneity of the subjects, the variability of the baseline meas-
ures used, and other fundamental problems of the research
methods. The earliest studies are largely unrealistic and in-
volved people of different ages, making it difficult to de-
termine the outcome for a particular age structure [5]. In
1973, Kanner [5] reported 96 individuals, mostly in their
twenties and thirties. Most of them lived with their fami-
lies in closed communities, government institutions or psy-
chiatric hospitals. As a result, more than half of the people
with ASD had better communication skills, and just over
half of this group function relatively well. Of all who were
surveyed, 11 people started work, and 1 has graduated from
college. Seven were single and one was married with a
child. The first systematic outcome studies were conducted
by Rutter and his colleagues in the 60-70 years. The study
was conducted on 38 individuals aged 16 years. Most were
hospitalized for a long time, 7 lived with their parents, 4
attended day centers, and 3 were living in residential com-
munities; only 3 had paid jobs. Overall, 14% were reported
to have made a “Good” social adjustment; 25% were rated
as “Fair” and 61% as “Poor”. Lotter (1974) [5] studied 29
individuals aged 16 to 18 years with ASD. Of these chil-
dren, 22 dropped out of school, half were hospitalized, and
only one was employed. Five people were housed in
centers, and only 2 lived in families. Fourteen per cent were
rated as having a “Good” outcome; 23% as “Fair”, and 63%
as “Poor” or “Very Poor”. In 1987, Gillberg and Steffenburg
[22] reported on a group of 23 individuals aged 16 or over
living in Sweden. Only one person was found to be fully
self-supporting; of the remainder, 48% were rated as hav-
ing a “Fair” outcome and the same proportion as “Poor” /
“Very Poor”. Kobayashi, Murata, and Yashinaga and col-
leagues (1992) used a postal survey to track 201 people
aged 18 to 33 in Japan over a period of fifteen years. The
survey showed that four males have died, 5% attend school
or college; 20% were employed, mostly in the food indus-
try. All but 3 of those at work lived with their parents, and
2 had their own homes. All were single. Twenty-seven per
cent of the group was rated as having a Good or Very Good
outcome on the basis of their adaptive skills. The same pro-
portions were rated as Fair, whilst 46% were rated as Poor
or Very Poor. A telephone survey by Ballaban-Gil, Rapin,

Tuchman, and Shinnar (1996) found that of the 45 adults
initially diagnosed as children with ASD, more than half
were housed in homes, and only one lived alone. Three peo-
ple had died, and eleven percent were working. Behavioral
problems were reported in all people, and only in 3, no so-
cial conflicts were identified. Estimates of changes in IQ
levels from child to adulthood indicated that cognitive
functioning remained very stable, and only 18% showed a
marked change in their IQ. When change did occur, this
usually indicated an improvement rather than a decline in
intellectual abilities. Comparisons between studies need to
be treated with caution because of the differences in sam-
ple selection and in the measures used. Most investigations
have involved relatively small groups of subjects, diagnostic
criteria were sometimes imprecise and/or the quality of data
on early intellectual functioning was poor. Overall judg-
ments of whether the outcome is Good, Fair or Poor also
tend to be based on variable criteria. Nevertheless, the one
consistent conclusion from these reports is that a positive
prognosis in adulthood is highly dependent on IQ - very
few individuals with an IQ below 50 achieve good func-
tioning in adulthood. The result is bad for those who fail
to speak for about 6 years. However, even among people
with a higher IQ, the result is very variable. Rumsey,
Rapoport, and Sceery (1985) [5] conducted a study with
14 men between the ages of 18 and 39, all of whom met
the DSM-III criteria for autism. Verbal and/or IQ scores are
60 or higher. Socially, the whole group continued to face
significant difficulties. Only one person had friends, and
four were self-employed. More than 70% are highly de-
pendent on their parents, and one is hospitalized. Similar
data were reported by Tantam (1991) [5] in a study of 46
individuals (mean age 24 years) with Asperger’s syndrome.
Venter, Lord, and Schopler (2002) [5] studied 22 individu-
als over the age of 18 years who had an IQ of 60+ in pre-
school. About a third were employed, but jobs were very
low rated. Most were employed in special training pro-
grams, and 3 did not work. Only 4 individuals lived inde-
pendently. However, Szatmari and his colleagues [5] re-
ported better results among a group of 12 men and 4
women (all 17 years or older; mean IQ> 90). Half attended
college or university, and more than a third worked full-
time. Half were completely independent, although some of
them still live in a family environment. One member of the
group was married. Most recently, Mawhood and col-
leagues [5] followed 19 men with autism (average WAIS
PIQ 83) who were initially diagnosed between 4 and 9 years
of age. All observed had long-term social and communica-
tion problems. Almost half lived in isolation, only 3 were
independent. Only 3 people, which is (16%) have achieved
good behavioral results; 2 people (10%) remain with mi-
nor disabilities, and 14 (74%) continue to show significant
disabilities.

In recent years, many studies have reported
gastrointestinal problems in individuals with ASD, often
with severe symptoms. Adam and colleagues report a strong
relationship between the symptoms of the gastrointestinal
tract and the severity of autism. These results were also con-
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firmed by Tomova et al. in a more recent study [6]. There
are various gluten-free and casein-free diets (GFCF) that are
offered to relieve symptoms, but to date, there are insuffi-
cient evidence of their effect on gut health. Many studies
reported relieving gastrointestinal problems and/or improv-
ing behavioral traits with GFCF, but the links between a
restricted diet and symptoms are not always obvious and
clear [6]. Some studies evaluating mood and behavior
showed significant behavioral improvements, while others
did not report any improvement after treatment with such
diets. The intestinal microbiota in humans affects health
and is strongly influenced by the diet. Several studies have
focused on GM modulators, such as probiotics in ASD, but
there is a discrepancy in the estimated parameters [7].
Parracho et al. focused on behavioral characteristics,
showed improvement after administration of a probiotic
with Lactobacillus Plantarum WCSF1 in children with ASD,
while Adam et al. (2018) show significant positive differ-
ences in the levels of organic acids in the feces in indi-
viduals with ASD taking probiotics [8]. Metabolic changes
were also observed by Kaluzna-Czaplinska and B³aszczyk
(2012), who, after 2 months of oral addition with L. acido-
philus (strain Rosell-11), found a significant decrease in
the level of D-arabinitol (DA) -positive modification due
to its association with the pathogenic Candida spp. [8]. In
addition, Tomova [6] and colleagues evaluated the effect
of a 4-month mixed administration of probiotics (Children
Dophilus) on the genetically modified composition in chil-
dren with ASD, and they were able to show a change in the
Bacteroidetes / Firmicutes ratio, i.  increase in
bifidobacteria. Prebiotics are food supplements that are se-
lectively absorbed and metabolized by local beneficial
bacteria, thus positively modulating the gastrointestinal
tract. Their effects on autism have not been well studied.
The prebiotic B-GOS® (galactooligosaccharide) has been
shown to affect faecal microbiota composition and meta-
bolic profile using an in vitro fermentation system that
mimics autistic colon conditions [9]. Its effect in vivo, es-
pecially taking into consideration the different dietary ap-
proaches that children with ASD can follow, has not been
studied. In the study of Grimaldi et al. (2018) [9], signifi-
cant behavioral improvements have been reported after the
addition of B-GOS® in children with ASD. This is the first
time that the effects of the diet on the composition and me-
tabolism of the gastrointestinal tract, their potential rela-
tionship to gastrointestinal discomfort and the effect of a
prebiotic supplement have been studied in the context of
autism.

Significant differences in microbiota and metabolism
were found at the base level when diets were compared. This
may indicate that the diet affects the condition and com-
position of the intestinal tract. Prior to the intervention of
the prebiotic B-GOS®, the intervention evaluated the nu-
tritional impact of gluten-free diets (GFCF), and the results
showed a significant deficiency in vitamin D intake in chil-
dren on unlimited diets [10]. These findings are supported
by recent studies in Spain, where a group of 105 autistic
people on a restricted diet consumed fewer carbohydrates

and more legumes and vegetables [11]. The new in this
study is the intake of low doses of vitamin D, which is con-
sidered an active neurosteroid during brain development,
and its deficiency is a potential risk factor for those diag-
nosed with ASD [12]. According to the literature, there is a
hypothesis called “opioid surplus theory”. According to it,
the metabolism of gluten and casein leads to excessive pro-
duction of opioid compounds, causing side effects such as
constipation and behavioral problems [13]. Therefore, glu-
ten- and casein-free diets have been suggested to alleviate
such problems, but [10] studies have shown that in both
restricted and unrestricted diets, the results of abdominal
pain are under “one”. In addition, other studies reported
that individuals with ASD tolerate the introduction of glu-
ten and casein in their diet, questioning the efficacy of the
GFCF diet [14]. Currently, autism analyzes mainly focus
on identifying potential biomarkers in terms of intestinal
composition, usually comparing faecal samples from sib-
lings and non-autistic controls [15]. The results of these
studies show several genera present in larger quantities in
ASD, such as Bacteroides, Roseburia, Akkermansia,
Hespellia spp. and others with smaller amounts, such as
Prevotella and bifidobacteria [16]. There are no studies
evaluating the effect of GFCF dietary approaches on GM
in ASD individuals. Roberta Grimaldi et al. (2018) [10] also
show that fluctuations between Bacteroides spp. and pro-
pionate in faecal samples from children with ASD on glu-
ten-free diets. SCFAs have been shown to affect the CNS,
and in particular intraventricular propionate injection in
mice has been shown to cause autistic behavior. Data pro-
vided by Grimaldi et al. (2018) [10] show the potential role
of GM in the production of metabolites that may be asso-
ciated with autistic traits. However, the actual effect of
SCFAs produced in the gut on the CNS is not entirely clear,
as the concentrations that can cross the blood-brain bar-
rier (BBB)   may be small.

Autism in children
It is extremely important for all families where a

child with autism lives to have accurate information about
future developments that would be helpful in dealing with
this problem. The exact etiology of ASD is unknown. In
1943, Leo Kanner, a psychiatrist at Johns Hopkins Univer-
sity, first described autism in a small group of children char-
acterized by complete distance from other people [5]. In
1944, Hans Asperger, an Austrian pediatrician who was una-
ware of Kanner’s work, published an article, that described
children who demonstrated symptoms similar to those of
Kanner’s patients, with the exception that verbal and cog-
nitive skills were higher. The term “infantile autism” first
appeared as a diagnostic label in the Diagnostic and Sta-
tistical Manual of Mental Disorders, Third Edition
(DSMIII) [2]. After expanding of the diagnostic criteria, the
terminology had changed. After many studies published in
recent years, it is clear that the prevalence of ASD in Eu-
rope and North America is approximately 6 per 1000 [5].
In 2000, the Centers for Disease Control and Prevention
organized the Autism and Developmental Disabilities
Monitoring Network, a multisite, records-based surveillance
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program, to study the prevalence of ASDs. The network uses
systematic screening of developmental evaluation records
for autistic behaviors rather than depending on a medical
or educational diagnostic label of an ASD. In 2007, the net-
work reported ASD rates for 8-year-old children ranging
from 1 in 303 to 1 in 94 for 2 time periods (2000 and 2002)
in a total of 14 sites in the United States; the average rate
was 1 in 150 or 6.6 per 1000 8-yearolds. These studies re-
flect a 10-fold increase in studies published half a century
ago [2]. Although there are many theories about the
etiology of ASD, very little is known about the pathophysi-
ology of this disease. Gastrointestinal problems and
behavior deviations have often been reported in children
with ASD. There is still no clear explanation for the link
between gastrointestinal problems and ASD, however food
intolerance is thought to play a major role in ASD [17].

It is extremely important for all families, where a
child with autism lives, to have accurate information about
future developments that would be helpful in dealing with
this problem. The exact etiology of ASD is unknown. In
1943, Leo Kanner, a psychiatrist at Johns Hopkins Univer-
sity, first described autism in a small group of children char-
acterized by complete distance from other people. In 1944,
Hans Asperger, an Austrian pediatrician who was unaware
of Kanner’s work, published an article that described chil-
dren who demonstrated symptoms similar to those of
Kanner’s patients, with the exception that verbal and cog-
nitive skills were higher. The term “infantile autism” first
appeared as a diagnostic label in the Diagnostic and Sta-
tistical Manual of Mental Disorders, Third Edition (DSM
III) [2]. After expanding the diagnostic criteria, the termi-
nology changes. After many studies published in recent
years, it is clear that the prevalence of ASD in Europe and
North America is approximately 6 per 1000 [5]. In 2000,
the Centers for Disease Control and Prevention organized
the Autism and Developmental Disabilities Monitoring
Network - a multisite, records-based surveillance program,
to study the prevalence of ASDs. The network uses system-
atic screening of developmental evaluation records for au-
tistic behaviors rather than depending on a medical or edu-
cational diagnostic label of an ASD. In 2007, the network
reported ASD rates for 8-year-old children ranging from 1
in 303 to 1 in 94 for 2 time periods (2000 and 2002) in a
total of 14 sites in the United States; the average rate was
1 in 150 or 6.6 per 1000 8-year olds. These studies reflect
a 10-fold increase in studies published half a century ago
[2].

Although there are many theories about the etiology
of ASD, very little is known about the pathophysiology of
this disease. Gastrointestinal problems and behavior have
often been reported in children with ASD. There is still no
precise explanation for the relationship between
gastrointestinal problems and ASD; it is suggested that food
intolerance plays a major role in ASD [17].

Colonization of the gut with microorganisms is
known to begin at birth, but the sequence and composi-
tion of an individual’s microbial community depend on
many factors, such as age, diet, genetic setup, gender, geo-
graphic location, and health. The composition and role of

the intestinal microbiota and its effects on human health
have been well studied, with the exception of the Indian
population [18]. The main observation from these studies
shows that the genera Prevotella and Megasphaera pre-
dominate in the Indian population [19], which is due to
the typical Indian diet rich in carbohydrates [18]. It is as-
sumed that this feature is determined by diet, diet, envi-
ronment and ethnicity [74]. Food intolerance is thought to
play a major role in ASD [18-19]. Many studies have shown
that gluten-free casein diets reduce gastrointestinal disor-
ders and improve the behavior of individuals with ASD
[19]. The exact percentage of people suffering from
gastrointestinal (GI) problems shows variability in differ-
ent studies and depends on the age of the individuals stud-
ied. What all research demonstrated was that GI problems
are common in autism. In one study of 172 children with
ASD, 24% had at least one gastrointestinal symptom, such
as diarrhea, constipation, bloating and/or gastroesophageal
reflux disease (GERD). In another study of 160 children
with ASD, it was found that 59% had GI dysfunction with
diarrhea or unformed stools, constipation. A study of 51
children with ASD compared with 40 typical control groups
aged 3-15 years found that 63% of children with autism
reported moderate or severe chronic diarrhea and/or con-
stipation, compared with 2% of control children. In sum-
mary, these studies show that GI symptoms are common in
autism. Recent studies report the important role of the in-
testinal microbiota in brain function, which is of great im-
portance for human health [20]. On the other hand, intesti-
nal dysbiosis has an adverse effect on human health [21].

There are also evidence that if mothers become over-
weight during pregnancy, it can lead to problems in the
child’s intestinal microbiome and affect his
neurodevelopment and social behavior. The term gut-brain
axis has been defined as the biochemical signalling com-
munication between the gastrointestinal tract and the cen-
tral nervous system. Many scientific publications showed
that dysbiosis causes changes in intestinal metabolites that
are important for cytokines and neuroactive compounds.
This can lead to severe mental disorders [21]. Many ani-
mal experiments have also shown that dysbiosis affects
their behavior [22]. There are currently approximately 1.7-
2 million cases of ASD in India, and the number is gradu-
ally increasing with improvements in early diagnosis meth-
ods. In the study by Pulikkan et al. (2018) [17], an investi-
gation of the intestinal microbiota was performed in 30
children with ASD by comparison with 24 healthy children
from the Indian population by sequencing the V3
hypervariable region of the 16S rRNA gene. One unique
aspect of this study is that both ASD and healthy children
were subjected to the same diet, unlike previous studies in
which children with ASD consumed a gluten-free diet. Chil-
dren with ASD experience GI-related problems, such as con-
stipation and diarrhea, while healthy children do not show
such problems. The change in the amount of Lactobacil-
lus in healthy children and children with ASD was reported.
Lactobacillus volumes were found to be 3232 times higher
in children with ASD than in healthy children. In addition,
higher levels of Lactobacillus are observed in most chil-
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dren with ASD compared to healthy children, indicating
that the observed high levels of Lactobacillus are not un-
common [17]. In recent years, it has been suggested that
there is a link between the species diversity of human mi-
croorganisms and recently were identified relations between
the microbiota of the human gut and physiological and im-
munological diseases [23]. The intestinal microbiota also
influences behavior [23]. Mechnikov’s catchphrase “The
great variety of microorganisms inhabiting the human
gastrointestinal tract is determined by a person’s spiritual
and physical health” is well known.

To date, more and more data on symptoms such as
behavioral changes and gastrointestinal complications are
regarded as common and well-established features of ASD,
making its etiology better understood [24]. Studies based
on the 16S rRNA gene sequence have shown dysbiosis of
the intestinal microbiome in children with ASD in the
American and European populations [25]. The change in
the intestinal flora in ASD is also associated with a reduc-
tion in some types of bacteria such as Sutterella,
Akkermansia, and Fusobacterium. The proportion of
Firmicutes was found to be significantly higher in cases of
ASD, as confirmed by earlier reports, where a higher pro-
portion of Firmicutes as compared to Bacteroidetes was as-
sociated with intestinal microbiome dysbiosis and intesti-
nal diseases [ 25]. Several recent reports also suggest that
intestinal microbial dysbiosis may modulate human
behavior and also play a role in the development or pres-
entation of ASD-related symptoms [26]. Prevotellaceae has
been found to be most common in the faecal microbiota of
healthy children [17]. A similar study was done in a recent
report on the Indian population [27]. In contrast to the In-
dian population, Bacteroidaceae microorganisms predomi-
nate in the populations of America and Europe [27]. These
differences seem to be mainly due to differences in the
geographical location and diet between the two
populations. Lactobacillus (family Lactobacillaceae),
Bifidobacterium (family Bifidobacteraceae), Megasphaera,
and Mitsuokella (Veillonellaceae) were found in large quan-
tities in children with ASD compared to healthy children.
The Veillonellaceae family predominates in carbohydrate-
rich gluten-containing diets [28-29]. When comparing chil-
dren of Indian descent and American children with ASD, it
was found that in Indian children with ASD, the genus
Megasphaera, Bifidobacterium, and Mitsuokella predomi-
nate, while in the intestinal microbiome of children with
ASD in the US it is rich in genus Akkermansia,
Ruminococcus, and Lactobacillus. These differences could
be explained by the different eating habits and consump-
tion of a gluten-free diet by children with ASD. Interest-
ingly, Prevotella is absent in children with ASD from both
populations. Most notably, Lactobacillus appears to be the
only common genus in both populations that shows sig-
nificantly greater abundance in children with ASD than in
healthy children. On the other hand, although Lactobacil-
lus was present in large amounts, the authors found no as-
sociation between Lactobacillus and autism. Bacterial spe-
cies belonging to the genus Lactobacillus produce lactic
acid, known as lactic acid bacteria (LAB) and have been

the subject of much research in recent years due to its
probiotic nature. Lactobacillus is a major inhabitant of our
intestines and is considered very important for the health
of the intestinal microbiota in infants, which is primarily
because their diet is rich in lactate from milk. The amount
of these bacteria decreases with age as the diet becomes
more varied and decreases based on milk consumption [17].

Both Lactobacillus and Bifidobacterium are consid-
ered probiotic bacteria with a beneficial role in human
health. The immunomodulatory properties of LAB, includ-
ing Bifidobacterium, have been extensively studied in re-
cent years. A study by Cvijin et al. (2015) showed that a
higher proportion of Lactobacillus leads to the inhibition
of an immune modulator enzyme IDO1 (indoleamine 2,3-
dioxygenase), which ultimately affects the Th17 cell func-
tioning and leads to the atopic dermatitis condition [30].
Another study reports a higher proportion of IL-6, IL-10,
TNF-á (pro-inflammatory cytokine), and certain chemokine
production by NF-êâ pathways in the intestinal epithelium
cells with a Lactobacillus strain [30]. Higher levels of some
pro-inflammatory cytokines (IL-6, IL-12p40) have been as-
sociated with impaired communication, abnormal behavior,
and atopic dermatitis by disrupting the blood-brain barrier
in ASD. Influence on the behavior of the patients due to
different types of lactobacilli was shown in an experiment.
In observations of humans with ASD, L. reuteri has been
shown to return ASD-like behavior. L. ruminis has been
shown to have immunomodulatory activity and is the most
common species in ASD cases in this study [31]. The same
study showed that short-chain fatty acids (SCFA) are im-
portant for the intestinal microflora in ASD [31]. SCFAs are
bacterial metabolites derived from intestinal microbes that
play a role in the immune system, brain function, and
behavior [32]. Dysbiosis in the intestinal microbiota is
thought to lead to an imbalance in the levels of SCFAs in
the circulatory system, which can lead to increased intes-
tinal permeability, detrimental to children with ASD. Also,
the great species diversity of the Lactobacillaceae and
Bifidobacteriaceae families is associated with a reduction
in SCFA-producing bacteria [33]. Pulikkan et al. (2018) [17]
showed that the reduction of some SCFA-producing mi-
crobes, such as Faecalibacterium and Roseburia in chil-
dren with ASD, supports the hypothesis that lower SCFA
levels in ASD lead to an imbalance in brain function and
behavior. It has been proposed to introduce these strains
as a probiotic to the affected children. This can help re-
lieve common gastrointestinal problems. Other microbial
families such as Veillonellaceae and Enterococcaceae have
also been found to be higher in children with ASD [34].
These results are confirmed by a report by Oberc et al.
(2015), which suggests their association with other
gastrointestinal disorders such as Crohn’s disease [35]. The
probable reason for the presence of these species is the lo-
cal omnivorous diet of children with ASD, in contrast to
the gluten-free diet in other similar studies [29].

Gastrointestinal problems in children with autism
can contribute to the severity of the disorder. Abdominal
pain, constipation and/or diarrhea are unpleasant and are
likely to lead to frustration, decreased ability to concen-
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trate, behavioral problems and possibly aggression and sui-
cide, especially in children who cannot report their discom-
fort. These problems also lead to a reduced ability to learn
to use the toilet on their own, which further complicates
the child’s social behavior and problems in raising him in
old age [20]. The exact cause of gastrointestinal problems
in children with autism is not yet clear. According to some
authors, the problem is related to the unusual microflora
or the excessive use of antibiotics, which can also change
the species diversity in the gut. Frequently used oral anti-
biotics eliminate almost all normal intestinal microbiota,
which plays an important role in the breakdown of plant
polysaccharides, promotes gastrointestinal motility, main-
tains water balance, produces some vitamins and competes
with pathogenic bacteria. Loss of normal intestinal flora
can lead to overgrowth of pathogenic flora, which in turn
can cause constipation and other problems and lead to se-
vere dysbiosis. Finegold et al. 2002 [36] examined fecal
samples from 13 children with late autism and 8 controls.
The number and type of Clostridium and Ruminococcus in
children with autism differ from the control children. Song
et al. 2004 [37] found that cluster groups I and XI of
Clostridium and Clostridium boltae had an average number
of cells significantly higher than that of control children.
Parracho et al. 2005 [38] levels of the group of bacteria
Clostridium histolyticum are higher in children with ASD
compared to typical children. C. histolyticum bacteria are
recognized producers of toxins and may contribute to in-
testinal dysfunction. Finegold et al. 2002 [36] studied in-
testinal bacteria in children with autism and healthy chil-
dren and found several differences, such as higher amounts
of Bacteroides in the severely autistic group and higher
levels of Firmicutes in healthy children. Finegold 2008 [39]
suggest that 1) the recurrence of some children with au-
tism after antibiotic treatment is caused by increased lev-
els of Clostridium spores, 2) the frequency of autism is as-
sociated with prolonged exposure to Clostridium spores,
and 3) the increase in cases Autism in a family is also as-

sociated with contact with spores. Finegold also discusses
the fact that propionate has severe neurological effects in
rats, and Clostridia species are propionate producers. No
human studies have been performed to determine whether
the relative proportion of propionate is related to autism
symptoms. Decreased activity of digestive enzymes has
also been reported in children with autism. A study by
Horvath and Perman 2002 [40] reported that 44 out of 90
(49%) children with autism who underwent endoscopy (be-
cause they had significant gastrointestinal problems) had
deficiencies in one or more disaccharide enzymes, espe-
cially lactase and maltase. They report that all children with
low enzyme activity have loose stools and/or profuse flatu-
lence. A recent study of children with autism and their first
degree relatives found that 37% and 21%, respectively, had
increased intestinal permeability based on a lactulose/man-
nitol test, compared to 5% of normal subjects. They also
found that autistic patients on a gluten-free, casein-free diet
had significantly lower intestinal permeability [40].

CONCLUSIONS
Future research in children and adults with ASD

should cover a larger population of people of different ages
and regions around the world. It remains unclear whether
the abundance of probiotic bacteria of the genus Lactoba-
cillus is the cause or an effect of ASD. Many factors can
influence the diagnosis, such as the influence of diet, habi-
tat, and age. In addition, to better understand the function
of the intestinal microbiome in people with ASD, the re-
searcher will be necessary to understand the role and asso-
ciation of probiotics and other bacteria in different
populations of humans.
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