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Abstract 

Background: Autism may be one of the pediatric autoimmune neuropsychiatric disorders, and several studies inves-
tigated the frequency of serum anti-ganglioside M1 autoantibodies in children with autism, as possible indicators 
of autoimmunity to the brain. The current study aimed to compare the level of anti-ganglioside M1 autoantibodies 
between autistic and normally developed children and to study the correlation between the level of anti-ganglioside 
M1 autoatibodies and the severity of autism. Forty children with autism and 40 age- and gender-matched healthy 
controls were enrolled. The Childhood Autism Rating Scale was used to assess the severity of autism in the patient 
group at the time of the study. The clinical and demographic data were recorded and plasma anti-ganglioside M1 
autoantibodies level was measured in both groups.

Results: The mean anti-ganglioside M1 autoantibodies level was significantly higher in autistic patients compared 
to the control group. The anti-ganglioside M1 autoantibodies level in patients with mild to moderate severity was 
insignificantly lower than its level in patients with severe autism.

Conclusions: Plasma anti-ganglioside MI autoantibodies levels are higher in autistic patients than in healthy controls 
which may imply that some cases of autism may be autoimmune in nature.
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Background
Autism is a complex neurodevelopmental disorder gener-
ally manifesting in the first few years of life and tending 
to persist into adolescence and adulthood. It is character-
ized by deficits in communication and social interaction 
and restricted repetitive patterns of behavior, interests, 
and activities [12]. There are various screening tools for 
autistic disorder, including social responsiveness scale, 
behavioral checklist as well as the Childhood Autism Rat-
ing Scale (CARS) which is one of the most longstanding 
and frequently used behavior observation scales. It yields 
a total score, which is useful as a continuous measure of 

the severity of autism, as well as a categorical diagnosis of 
not autism, mild/moderate autism, or severe autism [21].

The exact cause of autism is unknown. It is a disor-
der with multifactorial etiology, there is no single cause. 
Some of the suspected risk factors for autism include 
having an intimate family member with autism, genetic 
mutations, fragile X syndrome and other genetic dis-
orders, being born to older parents, low birth weight, 
metabolic abnormalities, exposure to heavy metals and 
environmental toxins, a history of viral infections, vac-
cines, fetal exposure to the medications valproic acid or 
thalidomide, and autoimmunity [24].

Genetic tests (new-generation sequencing technolo-
gies), metabolic tests (children presenting with motor 
delay should be evaluated with creatine kinase and thy-
roid-stimulating hormone testing), and immunological 
evaluations (as circulating maternal antibodies directed 
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to fetal brain tissue and the potential value of maternal 
antibody panels) used as biomarkers of autism are cur-
rently being studied [13].

Several studies reported the production of many 
autoantibodies which react with specific brain struc-
tures in autistic children and affect the functions of the 
attacked brain tissue. Also, the potential role of maternal 
autoantibodies to the fetal brain in the etiology of some 
cases of autism has been reported [20]. Identification of 
brain autoantibodies as immunological biomarkers may 
allow earlier diagnosis of autism [11].

The exact role of anti-ganglioside M1 brain specific 
autoantibodies in autistic children is not yet understood 
[17]. Anti-ganglioside antibodies may be produced by 
the mechanism of molecular mimicry between ganglio-
sides in the axon and lipooligosaccharides of the previ-
ous infectious pathogen [10]. Since autism may be one of 
the pediatric autoimmune neuropsychiatric disorders, so 
many studies aimed to investigate the frequency of serum 
anti-ganglioside M1 autoantibodies, as indicators of the 
presence of autoimmunity to the brain, in a subgroup of 
autistic children [17].Studies conducted by Yang et  al. 
[17] and    and Mostafa and Al-Ayadhi [33] found that 
autistic children had significantly higher serum levels of 
anti-ganglioside M1 autoantibodies than healthy con-
trols. Moreover, the study by Mostafa and Al-Ayadhi [17] 
revealed significant positive correlation with the sever-
ity of autism in autistic children. On the contrary, some 
studies did not show a significant difference in the rate 
of occurrence of anti-neuronal autoantibodies between 
children with autism and healthy ones [3, 23].

Aim of the work

1- To compare the level of anti-ganglioside M1 autoan-
tibodies in autistic and normally developed children 
and thus investigate the hypothesis that some cases 
of autism might be autoimmune in nature.

2- To study the correlation between the level of anti-
ganglioside M1 autoantibodies and the severity of 
autism.

Methods
This study was conducted over the period from April 
2020 to April 2021. It included 80 subjects classified into 
2 groups:

Participants
Group 1
Forty children with autistic disorder who were follow-
ing up in a specialized autism psychiatry clinic at Cairo 

University Hospital. This group included 7 females and 
33 males with an age range from 4 to 12 years.

Group 2
Forty healthy control subjects without any family his-
tory of autism were collected from Abo El Reesh Preven-
tive Medicine Pediatric Clinic for routine follow-up of 
growth of children. This group included 9 females and 31 
males, with matched age and sex, without any neurologi-
cal, immunological, or metabolic disorders. The sample 
size has been calculated using Hebert Arkan’s sample 
size equation. The sample taken was a convenient sam-
ple, where all cases and controls meeting the criteria of 
the study were included till the required sample number 
according to the sample size calculation was collected.

The patients were diagnosed according to the Diagnos-
tic and Statistical Manual of Mental Disorders IV-text 
revised (DSM-IV_TR) and severity was assessed using 
the Childhood Autism Rating Scale (CARS).

Procedures
Group 1 was subjected to the following:

1- Full psychiatric history-taking and examination by a 
specialist psychiatrist working in the Autism clinic 
at Cairo University Hospitals to diagnose Autistic 
disorder according to the Diagnostic and Statistical 
Manual of Mental Disorders IV-Text Revised (DSM-
IV-TR) [2].

2- The Childhood Autism Rating Scale (CARS) [25] was 
administered by a trained clinical psychologist to 
assess the severity of autistic features.

Group 1 and 2 were also subjected to the following:

1- Five milliliters of blood was withdrawn from patients 
and control groups under complete aseptic condition 
and added to EDTA tubes.

2- Plasma was separated within 30 min of collection by 
centrifugation at 3000×g.

3- Samples were stored at – 20 °C.

An informed written consent was obtained from all 
participants.

Determination of the plasma level of anti-ganglioside 
M1 autoantibodies of groups 1 and 2 was performed 
using the ELISA Kit (Human anti-ganglioside antibody 
ELISA Kit, Cloud–Clone Crop, USA) for in  vitro quan-
titative determination of anti-ganglioside antibodies in 
plasma. The plasma level of anti-ganglioside M1 autoan-
tibodies of the cases’ group was compared to that of the 
controls’ group.
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Statistical methods
Data were coded and entered using the statistical pack-
age for the Social Sciences (SPSS) version 26 (IBM Corp., 
Armonk, NY, USA). Data were summarized using mean 
and standard deviation for quantitative variables and 
frequencies (number of cases) and relative frequencies 
(percentages) for categorical variables. Comparisons 
between groups were done using unpaired t-test when 
comparing 2 groups and analysis of variance (ANOVA) 
with multiple comparisons post hoc test when comparing 
more than 2 groups [6],or comparing categorical data, 
Chi-square (χ2) test was performed. Exact test was used 
instead when the expected frequency is less than 5 [7]. 
Correlations between quantitative variables were done 
using the Pearson correlation coefficient [8], P values less 
than 0.05 were considered as statistically significant.

Results
This study was performed in the Faculty of Medicine 
Cairo University over the period from April 2020 to April 
2021. Demographic data of both groups (patients and 
control groups) are shown in Tables 1 and 2).

The group with autistic disorder consisted of 33 (82.5%) 
males and 7 (17.5%) females who were recruited ran-
domly from the autism clinic at Cairo University Hospi-
tals. The ratio of the number of males to females was ≈ 
5:1.

As regards the clinical presentation, 11(27.5%) of 
patients presented with a defect in verbal communication 
skills mainly, 11 patients (27.5%) presented with a defect 
in non-verbal communication skills predominantly, while 
the remaining 18(45.0%) patients presented with both. 
Regarding autism severity, 21 (52.5%) patients showed 
mild to moderate severity while 19 (47.5%) patients pre-
sented with severe autism as shown in Table 3.

Our study aimed to estimate the level of anti-gan-
glioside M1 antibodies in both the patients and con-
trol groups. In this study, the level of GM1 in plasma of 
autistic children was higher than its level in the healthy 
control group (3.75 ± 0.62 ng/ml, 1.96 ± 0.3 ng/ml 
respectively) and this difference was statistically signifi-
cant (P value ≤ 0.001).

The anti-ganglioside M1 autoantibodies concentration 
in severe cases (3.77 ± 0.68 ng/ml) was slightly higher 
than that in mild and moderate cases (3.73 ± 0.57 ng/ml); 
however, this difference was not statistically significant (P 
value = 0.840).

Discussion
Autoimmune diseases are characterized by aberrant 
chronic activation of the immune system which causes 
tissue inflammation and damage in genetically predis-
posed individuals [34]. Some studies suggest associa-
tions between immune system abnormalities or cytokine 
aberrations with autism, suggesting that immunological 
dysregulation is an important comorbidity of autism and 
may play a role in its pathogenesis, including up regula-
tion of inflammation markers [30].

Autoantibodies have been detected in patients with 
behavioral disorders, such as autism [27]. Some studies 
demonstrated improvement of patients suffering from 
autism by treatment with intravenous immunoglobu-
lin (IVIG) as shown by a recent pilot study [5]. Autoim-
munity to the central nervous system (CNS) may play a 
pathogenic role in a subgroup of patients with autism. 
This study aimed to assess plasma anti-ganglioside M1 
autoantibodies levels in autistic children and comparing 
them with normal healthy children.

In our study, the ratio of male to female autistic chil-
dren who were recruited randomly from the autism clinic 

Table 1 Comparison between the age of the patient group and 
control group

NB Pvalue less than 0.05 is considered statistically significant

N Mean SD P value

Age Autism 40 7.43 2.96 0.693

Control 40 7.68 2.67

Table 2 Comparison between the sex of the patient group and control group

NB P value less than 0.05 is considered statistically significant

Autism Control P value

Count % Count %

Sex Male 33 82.5% 31 77.5% 0.576

Female 7 17.5% 9 22.5%

Table 3 Severity of autism according to Childhood Autism 
Rating Scale scores in the patients’ group

NB P-value less than 0.05 is considered statistically significant

Severity of Autism count %

Mild-Moderate 21 52.5%

Severe 19 47.5%
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in Cairo University Hospitals was about 5 to 1, which is 
nearly correlated with the study of Ahmedand Abou El-
Seoud [1] who found that the ratio of male to female was 
≈ 4 to 1. Also, Wiśniowiecka-Kowalnik and Nowakowska 
[32] have mentioned in their study that autism is one of 
the most prevalent groups of neurodevelopmental disor-
der that affects around 1–2% of the population with an 
average male to female ratio of 4–5:1. However, the ratio 
found in the current study is not representative of the 
general population due to the small sample size.

In the current study, the mean plasma anti-ganglioside 
M1 autoantibodies level was significantly higher in 40 
autistic patients (3.75 ± 0.62 ng/ml) than in 40 sex- and 
age-matched control subjects (1.96 ± 0.3 ng/ml) (P value 
= 0.001). This is in agreement with a study conducted 
by Yang et  al. [33] who found that autistic children had 
higher positive levels of anti-ganglioside M1 antibodies 
(37.8%) than controls (21.67%) (P value = 0.04). Also in 
line with the results of our study, Mostafa and Al-Aya-
dhi [17] observed that autistic children had significantly 
higher serum levels of anti-ganglioside M1 antibodies 
than healthy controls (P value < 0.001).

Also, suggesting a possible immunological process in 
autism,  Kern et  al. [14] found that brain autoantibody 
levels in autistic children were higher than those in the 
control group. Lekman et. al. [15] carried out a study on 
CSF samples obtained from 20 children with autism and 
25 controls. He found that anti-ganglioside M1 autoan-
tibodies were significantly increased in patients with 
autism compared with age-matched controls which is 
also concordant with the current study.

Careaga et  al. [4] stated that increased anti-phospho-
lipid antibody levels in young children with autism and 
the association between antibody levels and impaired 
behaviors in the pediatric population as whole offer 
potential new targets for understanding the mechanisms 
involved in the pathogenicity of autism.

Mazur-Kolecka et al. [16] tested the presence of autoan-
tibodies against human neuronal progenitor cells in sera 
from children with autism (n = 20) and age-matched 
controls (n = 18) by immunoblotting and immunocy-
tochemistry. They found that sera from individuals with 
autism had a higher incidence of autoantibodies than in 
control sera. Mostafa and Al-Ayadhi[18] also found that 
autistic children had a significantly higher percentage 
of serum anti-neuronal antibodies (62.5%) than healthy 
controls (5%) (P value ≤ 0.001). In addition to the afore-
mentioned studies, a study conducted by Wills et al. [31] 
proved that there were autoantibodies against certain 
neural antigens in autistic patients compared to a nor-
mal healthy control group. Also, a study presented by 
Mostafa and Kitchener [19] mentioned that children with 
autism had significantly higher percent seropositivity of 

anti-nuclear antibodies than healthy children (P value ≤ 
0.01).

Moreover, a study conducted by [28], that included 30 
normal and 68 autistic children using immunoblotting 
assay, found that autistic children but not normal chil-
dren had antibodies to the caudate nucleus (49% positive 
sera), cerebral cortex (18% positive sera) and cerebellum 
(9% positive sera) [26] analyzed autoantibody reper-
toires to brain tissue extract in the plasma of 171 autis-
tic children and 54 controls. They showed statistically 
significant higher levels in children with autism than in 
the control group. In addition, [29] found a significant 
increase in the incidence of (IgG isotype) to neuron-
axon filament protein and glial fibrillary acidic protein 
in autistic subjects. In a cohort study conducted by [9], 
it was found that children with autism have a greater fre-
quency of serum antibodies to brain endothelial cells and 
their nuclei than healthy children. The presence of these 
antibodies raises the possibility that autoimmunity plays 
a role in the pathogenesis of language and social devel-
opmental abnormalities in a subset of children with these 
disorders.

On other hand [3] carried out a study on 42 children 
(24 males, 18 females) with autism in comparison to 21 
(13 males, 8 females) healthy-matched children aged 
between 2 and 12 years. There was no seropositivity of 
anti-neuronal antibodies in either of the groups including 
anti-ganglioside M1 autoantibodies. A possible cause for 
the discrepancy between the result of this study and our 
study is that autism is not considered as a typical auto-
immune disease, self-reactive antibodies or autoantibod-
ies against a wide variety of targets have been found in a 
subset of patients with autism. In addition, another study 
conducted by [22] suggested that there was no consistent 
evidence to indicate that the reactivity of plasma from 
children to neural profiles in the brain is related to an 
autism diagnosis. Also, in another study by [23], no dif-
ference was found in the rate of occurrence of autoanti-
bodies to cerebellar golgi neurons between children with 
autism and healthy peers. This finding was not concord-
ant with the current study and the discrepancy may be 
attributed to the different type of autoantibodies to dif-
ferent target brain tissue measured in both studies and 
also due to the difference in the technique used, where 
coronal sections of brain tissue from a rhesus macaque 
(Macaca mulatta) were used for immunohistochemical 
analysis in the latter study.

In the present work, children with severe autism had 
slightly higher levels of anti-ganglioside M1 antibod-
ies (3.77 ± 0.68 ng/ml) than those patients with mild 
to moderate autism (3.73 ± 0.57 ng/ml), but this differ-
ence was statistically insignificant (P value = 0.840). On 
the other hand, [17] have found that anti-ganglioside M1 
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antibodies levels had significant positive correlations 
with the degree of the severity of autism which may be 
due to the larger sample size in the latter study. Also, [14] 
found that brain autoantibody levels in autistic patients 
showed significant correlation with autism severity. The 
children in the latter study were all exposed to mercury 
that may have elicited the production of autoantibodies, 
unlike the present study; therefore, this may have led to 
different results.

Also, in the study conducted by [18], the frequency of 
the positivity of serum anti-neuronal antibodies was sig-
nificantly higher in children with severe autism than chil-
dren with mild to moderate autism. This finding was not 
concordant to the results of the present study, probably 
because the sample size in the latter study was larger (80 
patients with autism compared to 80 healthy controls) 
which may have also contributed to the difference in 
results.

Further studies with larger sample size as well as multi-
center studies are required to delineate the relation 
between GM1 and disease severity. Also more studies are 
required to assess and follow-up the effect of different 
autoimmune therapeutic strategies in treating patients 
with autism.

Strengths and limitations
The strength in this study is that it evaluates the rela-
tion of anti-ganglioside M1 autoantibodies level and the 
severity of autism in a sample of Egyptian children, not 
merely its level without relating it to the clinical pic-
ture. Among the study limitations is the reduced clini-
cal input which was largely due to global COVID-19 
pandemic. In addition, the sample taken was a conveni-
ent sample which is another limitation. This study is a 
cross-sectional study, however a follow up study would 
more clearly show the relation between the level of anti-
ganglioside M1 autoantibodies and autism clinical course 
over time.

Conclusions
Plasma anti-ganglioside M1 levels is higher in autistic 
patients than in healthy controls which may implicate 
that some cases of autism may be autoimmune in nature. 
Plasma anti-ganglioside M1 antibodies levels may be 
related to the severity of the clinical picture in children 
with autism, as the children in this study who were suf-
fering from severe autism showed higher anti-ganglioside 
M1 antibodies plasma levels than those suffering from 
mild to moderate autism, though the difference was sta-
tistically insignificant.
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