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ABSTRACT  
 
Autism is a disorder involving a number of symptoms. It is included in the overall 
development disorders. The disease is characterized by spreading and progressive 
behavioral disorders usually manifested in early childhood and continues through 
adulthood. Epidemiological data emphasized the importance of the problem and 
the need to develop studies using modern molecular methods and next-generation 
sequencing techniques. Conducted in the 1960’s, the first epidemiological studies 
on autism stated 4 to 6 per 10,000, in the 1990’s to 10 to 20 per 10,000. Latest 
indexes showed that child autism and Asperger syndrome affect 1 in 38 children. 
Recently, there have been publications about a detailed study of intestinal 
microflora in children with autism showing differences in the spectrum of micro-
organisms in sick and healthy children. One of the most striking discoveries is the 
fact that functions of the intestinal microflora and functions of the brain are 
connected. Therefore, it is possible that microbiome may influence a person’s 
behavior and mental health. In the past, the impact of intestinal microflora on the 
development of autism was ignored, but it is important. Digestive tract disorders 
occurring in children with autism can have various nature and location. As of now, 
a single autism-specific digestive tract pathology cannot be claimed to exist. As in 
elimination diets, treatment should be conducted on an individual basis.  
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INTRODUCTION 
 
Autism is a disorder involving a number of symptoms. It is 
included in the overall development disorders 
characterized by the occurrence of four groups of 
characteristics. These are: impairment of social functioning, 
communication disorders, a limited and recurring pattern 
of interests and activities, as well as early onset 
(Chrościńska-Krawczyk et al., 2010). 

The disease is characterized by spreading and 
progressive behavioral disorders usually manifested in 
early childhood and continues through adulthood 
(Martirosian, 2004). The brain of a child with autism works 
differently than the one of a child who is developing in a 
typical way. Consequently, autistic child perceives the 
world differently and reacts differently. A special risk group 

is children having close relatives with autism and 
premature babies with low birth weight. Disturbing signals 
appear before a child is 3 years old. The therapy must be 
tailored to the individual abilities and needs because autism 
is a word that covers a whole spectrum of disorders.  

There are theories about the primary psychological 
deficit in autism. Although some children are diagnosed 
with chromosomal abnormalities or metabolic disorders, so 
far, however, no one managed to clarify the etiological 
factors of the disease. Symptoms of the so-called "autistic 
regress" occur in about 1/3 cases. Before the second year of 
life, a child stops speaking and interacting with the 
environment (Chrościńska-Krawczyk et al., 2010; 
Martirosian, 2004). 
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THE ETIOLOGY OF AUTISM  
 
The etiology of autism has raised a lot of researchers’ 
interest and is still relatively poorly understood 
(Popielarska and Popielarska., 2000; Goodman and Scott., 
2000; Wolańczyk et al., 2005) . It is now recognized that 
this disease is conditioned by many factors. Many studies 
support the fact that the cause of child autism is organic 
damage to the CNS (central nervous system). However, so 
far no one has managed to pinpoint brain structure damage 
that would be responsible for the symptoms of this disease. 
As shown by recent studies, changes in the CNS in autism 
are not located in a specific region of the brain, but include 
various structures thereof (Paya et al., 2007).  

Presumably, genetic predisposition and environmental 
factors have impact on this disease manifesting itself (Yates 
et al., 2009). Intestinal symptoms that often go hand in 
hand with autism were not given much thought until 
recently (Wakefield et al., 2000). In 1998, the Lancet 
newspaper published an article describing eating disorders 
of abdominal pain, diarrhea and flatulence in 12 patients 
with autism. These symptoms occurred parallel with the 
intensification of autistic symptoms.  

Endoscopy revealed swollen lymph glands in a form of 
encysted bodies in the submucosa of the intestinal wall. 
There were also changes in mucosa, such as redness, loss of 
vascularity, and graininess. The same group of researchers 
later described similar symptoms in a greater number of 
patients (60), characterizing this pathology as a new 
variant of IBD (Inflammatory Bowel Disease) without 
typical symptoms characteristic of Crohn's disease or 
ulcerative enteritis (Martirosian, 2009).  
 
 
INTESTINAL MICROBIOTA AND AUTISM SPECTRUM 
DISORDER 
 
Recently, there have been publications about a detailed 
study of intestinal microflora in children with autism 
,showing differences in the spectrum of micro-organisms in 
sick and healthy children. Human intestine microflora is a 
complex ecosystem of micro-organisms which play an 
important role in the host’s health. This very complex 
ecosystem has been underestimated. One of the most 
striking discoveries is the fact that functions of the 
intestinal microflora and functions of the brain are 
connected. Therefore, it is possible that microbiome may 
influence a person’s behavior and mental health.  
The concept of the brain-gut axis while taking into account 
the composition of the digestive tract microbiome presents 
the possibility of communication between the central 
nervous system and the intestinal tract (Konturek et al., 
2016; Ochoa-Repáraz et al., 2016). The information is 
exchanged in both directions. The intestinal flora may take 
part in the functions of the central nervous system by 
affecting the ability to synthesize neuroactive signaling  

 
 
 
molecules like acetylcholine catecholamine, gamma-
aminobutyric acid, histamine, melatonin, serotonin or 
production of substances that mimic their effects (Petra et 
al., 2015).  

On the other hand, when it comes to this interaction, the 
composition of the intestinal microflora is influenced by 
emotional stress along with other effects of intestinal 
physiology, such as changes in motor skills and an increase 
in the permeability of the intestine etc (Konturek et al., 
2011).  

Advances in molecular medicine in the field of 
sequencing, in particular introduction of the NGS (Next 
Generation Sequencing) allowed the identification of a vast 
number of micro-organisms in the small intestine, which 
may significantly affect the function of the brain-gut axis 
(Weiner et al., 2015).  

Numerous studies showed that the dysfunction of the 
brain-gut axis can lead to inflammation and functional 
changes of the digestive tract. Moreover, altered 
composition of the intestinal microflora in children affects 
maturation of the central nervous system and in this way 
may facilitate the development of mental disorders, such as 
autism, depression or disorders leading to bulimia. 

Causal relations between the psyche and the microbiome 
are examined both in terms of autism causes and 
development mechanisms and also in order to find new 
therapeutic possibilities, such as following a proper diet, 
using probiotics and fecal bacterial transplantation 
(Konturek et al., 2016; Ochoa-Repáraz et al., 2016; 
McDonald et al., 2015; Toh and Allen-Vercoe., 2015). 

The hypothesis about the relationship between autism 
and digestive tract microbiome considers autism 
pathogenesis aspects; in particular, which microbiome 
changes have the strongest link with ASD symptoms and 
which may be a side effect of a treatment or a disease 
(McDonald et al., 2015). Neuropsychiatric changes such as 
depression, bipolar disorders and autism, although the 
pathogenesis of these disorders varies in terms of 
microbiome, considers immunological effects, changes in 
intestinal permeability and penetration of bacterial 
products into the bloodstream with possible penetration 
through the blood/brain barrier. Upsetting the microbiome 
composition may also have a secondary impact by affecting 
serotonin-producing cells which affects the 
neurotransmitter synthesis stage (Desbonnet et al., 2008). 

With the relationship between the digestive tract’s 
microbiome and autism through the gut-brain axis, the 
impact of diet on mutual interactions and the microbiome 
composition should be considered. Previous studies on the 
microbiome characteristics in children with autism are 
fragmentary and diverse. Studies by Song et al. (2004) 
showed a significant increase of Clostridium bolteae and 
Clostridium groups I and IX in the faeces of children with 
autism as compared to healthy children. 

In turn, studies by Finegold et al. (2010) conducted on 33 
children with varying degrees of autism symptoms, showed  
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differences at cluster level between Bacteroides and 
Firmicutes, depending on the symptoms severity, as well as 
the increase of Bacteroides vulgatus and Desulfovibrio spp, 
compared to healthy children. Studies by Lv. Wang et al. 
(2013) found a significant amount of Sutterella spp and R. 
momenty in the faeces of children with autism and 
functional disorders of the digestive tract as compared to 
healthy children and previous studies were performed in 
intestinal biopsies.  

In this regard, studies on the digestive tract’s microflora 
in children with autism can be used as an additional way to 
search for diagnostic tests and therapeutic possibilities 
including diet and antibiotic therapy and preventive 
actions.  

Various aspects of the relationship between the digestive 
tract’s microbiome and autism were analyzed during the 
GM Workshop at Arkansas Children’s Hospital Research 
Institute in 2014, as part of the first International 
Symposium on the Microbiome in Health and Disease, 2014, 
where the working group included clinicians, researchers 
and parents of children with autism. Attempts were made 
to address three important issues: first, whether there is a 
link between the ASD symptoms and changes in the 
digestive tract’s microbiome; next, whether manipulating 
the microbiome composition as a therapeutic action can be 
safe and whether a deeper understanding of the presumed 
mechanisms responsible for organic and behavioral 
changes in children with autism is possible. 

In this regard, the critical element is the knowledge of 
microbiome formation in infants. Thanks to numerous 
studies, the knowledge of the processes occurring has been 
significantly broadened. Until recently, it was thought that 
children are born sterile and during growth, since the very 
first days they are acquire the intestinal microflora from 
their environment (Mackie et al., 1999). However, the 
micro-organisms colonization process may begin before 
birth as a result of transfer between mother and child 
during birth through the placenta (Wang et al., 2013), as 
well as due to changes in mother’s microbiome during 
pregnancy (Koren et al., 2012; Aagaard et al., 2012).  

Vaginal birth allows the direct transfer of bacteria from 
the birth canal and anal area onto the child (Schultz et al., 
2004; Makino et al., 2011; Dominguez-Bello et al., 2010). 
Early microflora colonization in infants’ intestine is also 
promoted by breastfeeding (Penders et al., 2006; Gura, 
2014; De Leoz et al., 2014).  

Bacterial colonization of the intestines, which starts 
during the prenatal period, may modulate the development 
of the host’s nervous system. This occurs through signaling 
pathways, such as vagus nerve – a direct connection 
between the intestines and the central nervous system. 
Starting from infancy and early childhood, the intestinal 
ecosystem undergoes changes that are related to 
microbiological inheritance with factors such as diet and  
the immune system shaping the intestine microbiome 
composition.  The     process    of    building    the     intestine  

 
 
 
microflora is still poorly understood, but it is believed that 
of crucial importance is the time it takes to colonize the 
intestine microflora (Penders et al., 2006; Voreades et al., 
2014).   

Intestinal microbiome can be maintained for many years 
or even a lifetime with little changes in its composition 
(Schloss et al., 2014; Koenig et al., 2011; Costello et al., 
2009; David et al., 2014; Jalanka-Tuovinen et al., 2011; 
Martinez et al., 2013).  

Human intestinal microflora is dominated by anaerobic 
bacteria (such as Clostridium spp). It is also known that 
some bacilli can produce toxins (enterotoxins and 
neurotoxins). In 1998, Ellen (1998) (mother of an autistic 
child) was the first to propose the hypothesis about the role 
of bacteria in autism development. This hypothesis was 
based on observing parents of autistic children who, before 
the disease, had used broad-spectrum antibiotics, mostly 
due to chronic middle ear inflammation. The use of 
antibiotics was usually followed by diarrhea, then the child 
would stop talking, lost contact with the environment and 
develop further symptoms of autism.  

Based on the aforementioned observation, a group of 
American researchers, Sandler et al. (2000) concluded that 
frequent use of antibiotics in these children causes 
disturbances of intestinal microflora, or "colonization 
resistance factor" (Martirosian, 2004) which leads to 
proliferation of neurotoxin-producing pathogenic bacterial 
species (one or several) in the digestive tract. Since the 
initial goal of the study was to find micro-organisms that 
produce neurotoxins which affect the central nervous 
system through nervus vagus which is responsible for the 
innervation of the small intestine, hence, the idea to look for 
possible factors that are responsible for the autism 
symptoms also in the upper parts of the digestive tract 
where, in addition to Clostridium bacteria, species of Gram-
negative bacteria has been detected and is unusual in 
healthy children, for example, Cetobacterium somerae sp. 
nov (Martirosian, 2009). Neurotoxins may be responsible 
for at least some of the clinical symptoms of autism, as such, 
appropriately selected antibiotics, administered to a patient 
with autism should at least alleviate the disease symptoms.  

The next hypothesis about the possible toxic effects of 
metabolic products (both typical and atypical) of bacteria 
that live in the intestines was established on the basis of a 
peculiar odor of faeces of children with autism, resembling 
the smell of moth balls, which was observed by parents. 
This smell may be caused by indole or skatole (3-methyl-
indole) produced by micro-organisms out of tryptophan. 
However, the presence of other factors, such as 
naphthalene or derivatives thereof, may also promote the 
formation of this characteristic odor. There are also other 
hypotheses, including the ones that indicate the role of 
auto-antibodies in autism. In autism pathogenesis, many 
publications set auto-antibodies against axon filament 
proteins, glial fibrillary acidic protein or myelin basic 
protein (Martirosian, 2004). 
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SUMMARY 
 

In the past, the impact of intestinal microflora on the 
development of autism was ignored, but it is important in 
the context of yeast and clostridium. Treatment of 
hypertrophy thereof resulted in substantial clinical 
improvement in some cases. Autistic people are known to 
have increased tartaric acid and arabinose.  

Arabinose is involved in protein binding disorders and so 
may affect neuronal connections, causing the autism 
symptoms. Tartaric acid from yeast may have a direct toxic 
effect on muscles and it is a critical Krebs cycle transmitter, 
providing material for gluconeogenesis. While it is obvious 
that the aforementioned bacterial flora metabolites may 
cause autism symptoms, other aspects are also important. 
The causes may exist altogether but vary from individual to 
individual and hence, different symptoms.  

Digestive tract disorders occurring in children with 
autism can have various nature and location. As of now, a 
single autism-specific digestive tract pathology cannot be 
claimed to exist. As in elimination diets, treatment should 
be conducted on an individual basis (Bingham, 2011). 

Despite a number of studies conducted on the autism 
etiopathogenesis and treatment, the problem has not yet 
been fully investigated and explained. The results of the 
studies indicate that the intestinal microflora in autistic 
children is different than the one in healthy children, both 
qualitatively and quantitatively, therefore, further 
comparative research of intestinal microbiome of autistic 
and healthy children is well-founded. It is intended to 
clarify the details of these differences, for instance, in terms 
of toxigenicity, clonal propagation and the possible impact 
on ASD symptoms, therapy and medication.  Further 
studies on intestinal flora and full identification of species 
will allow for more effective treatment that will not lead to 
a complete recovery but will significantly improve the 
patient’s condition (Bingham, 2009). 

Epidemiological data emphasized the importance of the 
problem and the need to develop studies using modern 
molecular methods and next-generation sequencing 
techniques. Conducted in the 1960’s, the first 
epidemiological studies on autism stated 4 to 6 per 10,000, 
in the 1990’s to 10 to 20 per 10,000 (Michałowicz, 2000; 
Pisul, 2005; Bryson, 1996).  

Latest indexes showed that child autism and Asperger 
syndrome affect 1 in 38 children. This is much more often 
than previously thought. It occurs four times more often in 
boys than in girls (Baird et al., 2006; Plauche and Myers., 
2007). In addition, more than two-thirds of autism cases is 
not diagnosed or treated according to the American-
Korean-Canadian research. What is most disturbing, 
however, is that more than 2/3 of ASD cases in school 
children has not been diagnosed or treated. The Synapsis 
Foundation, which has been helping people with autism 
and their families for 25 years, estimated that out of  
approximately 400,000 children born in Poland in 2015, 
approximately 15,000 will be at risk of having this disorder, 

 
 

 
while approximately, 1500 will definitely get such 
diagnosis. Scientists placed the blame on non-uniform 
diagnostic criteria and lack of complete epidemiological 
studies. Autism is one of the diseases of unknown etiology. 
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