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Abstract

Autism is a neurodevelopmental disorder with a significantly increased incidence rate across the world over the past few
years. Toxoplasmosis and cytomegalovirus (CMV) infection are globally prevalent and have been associated with diverse
neurological and psychiatric disorders. A few studies have demonstrated the role of toxoplasmosis and CMV as potential
etiological factors for autism. Accordingly, this study was performed to estimate the relationship between toxoplasmosis
and CMV infection in children with autism as well as to assess their impact on the Childhood Autism Rating Scale (CARS)
score. A total of 45 autistic children (6 girls, 39 boys) and 45 (21 girls, 24 boys) healthy control children were enrolled in our
study. Their blood samples were collected and tested for the presence of Toxoplasma and CMV (IgG and IgM) antibodies
and DNA by ELISA and real-time PCR (RT-PCR), respectively. Toxoplasmosis was detected in 11 (24.4%) autistic children
through the ELISA [10 (22.2%) I[gG+/IgM —and 1 (2.2%) IgG + /IgM +]; however, RT-PCR assay recorded only 1 positive
case (2.2%), while it was detected in 10 (22.2%) control children through ELISA [9 (20%) IgG +/IgM —and 1 (2.2%) IgG+/
IgM+] and 1 (2.2%) by RT-PCR. On the other hand, CMV infection was detected in all autistic children with 44 (97.8%)
testing positive by ELISA [24 (53.3%) 1gG+/IgM —, 18 (40%) IgG +/IgM + and 2 (4.4%) 1gG —/IgM +] and 25 (55.6%)
testing positive by RT-PCR assay. In addition, ELISA assay recorded 43 (95.6%) [19 (42.2%) IgG +/IgM + and 22 (48.9%)
IgG +/IgM —and 2 (4.4%) 1gG-/IgM +] and RT-PCR recorded 21 (46.7%) positive samples in control children with CMV.
No significant difference was noted between autistic and control children for the overall prevalence of Toxoplasma or/and
CMYV infection. Similarly, the CARS score indicated a non-significant difference with Toxoplasma or/and CMV infection. Our
data does not show an association between autism and toxoplasmosis or/and CMV infection. Nevertheless, considering that
autistic children are at a high risk of contracting these infections, further studies with a larger sample size are recommended.
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Introduction

Autism is a behavioral condition that can be classified as
a heterogeneous neurodevelopmental disorder that affects
approximately 1 in 44 children and can be diagnosed after
the second year of life (Maenner et al. 2021).

This disease affects both adults’ and children’s capaci-
ties for social interaction, communication, and the capac-
ity to react to specific external stimuli. In addition, the
autistic condition is accompanied by difficulty with social
imagination and interaction, repetitive behavior patterns,
and delayed language development (APA 2013; Siniscalco
et al. 2018).

The infectious protozoan Toxoplasma gondii (T. gon-
dii) attacks warm-blooded animals, including humans,
and causes toxoplasmosis, a common global disease (CDC
2013). Patients who are immunocompromised (such as
cancer patients, those living with HIV, and organ-trans-
plant recipients) and pregnant women are particularly at
risk for toxoplasmosis (Foroutan et al. 2018).

The main transmission modes of the parasite are
through the consumption of raw or undercooked meat,
contaminated water, and cat feces (CDC 2013). Although
no symptoms may appear in adults or children after direct
transmission of the parasitic infection, some dangerous
effects can arise from the congenital transmission through
the placenta of pregnant women to their fetuses, which can
affect the central nervous and muscular systems (Abdoli
et al. 2014).

A correlation between maternal toxoplasmosis and the
risk of having autistic children was reported by Spann
et al. (2017). Thus, a relationship between maternal toxo-
plasmosis and the damage of nuclear and mitochondrial
DNA in childhood autism may exist (Al Malki et al. 2021).
According to Fond et al. (2013), T. gondii tachyzoites may
invade the diverse types of brain cells in the cerebellum,
which then controls the signal transduction mechanisms
and signaling pathways involved in different functions,
such as the antimicrobial effector functions, immune cell
maturation, and cell apoptosis. Wang et al. (2014) reported
a connection between T. gondii infections with the endo-
plasmic reticulum’s stress pathway that induces death in
neural stem cells. Some studies have suggested that the
parasite plays a role in the biochemical abnormalities and
brain morphological findings in autism (Prandota 2011).
According to Nayeri et al. (2020), toxoplasmosis is a sig-
nificant risk factor for autism. In addition, children with
autism who had Toxoplasma parasites were more aggres-
sive than those without the infection (Hamid et al. 2020).

The largest and most complex member of the human
herpes virus family, human cytomegalovirus (CMV),
which is also a member of the neurotropic beta-herpes
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virus family, can infect almost every cell type, including
retinal epithelial cells, dermal fibroblasts, monocytes/
macrophages, smooth muscle cells, and neurocytes and
sustentacular cells of the central nervous system. How-
ever, several different cell types produce infectious virions,
ranging from extremely few (macrophages) to numerous
(extremely high) (fibroblasts). Thus, humans are the only
hosts for human CMYV, which is particularly specific to
each species, but can induce long-lasting neurological
complications in 10-15% of asymptomatic human CMV
infections (Manicklal et al. 2013).

Autism has been associated with CMV infection, par-
ticularly when it occurs in the third trimester of pregnancy,
which may raise the chance of autism (Kawatani et al. 2010;
Maeyama et al. 2018; Shuid et al. 2021). In a retrospec-
tive analysis of the association between CMV infection and
autism, Sakamoto et al. (2015) found that children with
CMV infection showed a considerably greater incidence of
autism than did the controls. Measurement of the CMV-
DNA load in dried blood spots allowed the determination
of the prevalence of CMV infection in children with autism,
particularly in those with intellectual disabilities (Engman
et al. 2015; Zhang and Fang 2019).

Therefore, the present study was aimed to evaluating
whether there was an association between prior or current
Toxoplasma and/or CMV infection and autism.

Patients and methods

The present case—control study was conducted at the Para-
sitology, Microbiology, Clinical Pathology, Molecular, and
Pediatric Departments of Al-Azhar University’s Faculty
of Medicine, Ain Shams University Hospital. The study
included 45 (6 girls, 39 boys) autistic patients and 45 (21
girls, 24 boys) healthy controls (both aged 3-16 years).
Children with autism were recruited from the pediatric and
adolescent psychiatry outpatient clinic of the Ain Shams
University Hospital and other psychological rehabilitation
centers. Healthy children were recruited from the pediatric
clinic of the Al-Zahraa University hospital with the condi-
tion of having no psychiatric diagnosis. Patients using anti-
biotics were excluded from the study to avoid the possibility
of affecting Toxoplasma seropositivity.

Sample size estimation

Power and Sample Size Program software was used to cal-
culate the sample size (PS). To be able to reject the null
hypothesis that this odds ratio equals one with probability
(power) 0.8, we enrolled 45 case-patients with 1 matched
control/case. Regarding this test of the null hypothesis, the
type I error probability was 0.05, with a confidence level
of 95%.
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Sample collection

Blood samples were collected from the participants with the
consent of their parents. Briefly, 5 mL of the blood sample
was drawn from each participant using a fresh syringe for
each case. The sample was divided into two separate tubes,
one without EDTA for a serological assay and the other with
EDTA for a molecular assay. Until further assessments, the
sample tubes were stored at 4 °C.

Qualitative serological assessment

The collected EDTA-free blood samples were centrifuged
at 3000 rpm for 10 min, and all separated sera were stored
at— 70 °C until the detection test for Toxoplasma (I1gG and
IgM) and CMV (IgG and IgM) separately by using com-
mercially available ELISA kits (Sigma-Aldrich; USA). We
used micro-ELISA strip plate wells (separately pre-coated
with an antigen specific to Toxoplasma-1gG, Toxoplasma-
IgM, CMV-IgG, or CMV-IgM) that subsequently combined
with their unique antigen. Briefly, a wash buffer was diluted
with dilution water in the ratio of 1:40. Then, 100 puL of
the sample diluent was added to the corresponding well
(an empty well served as a blank control, and two empty
wells were maintained as negative and positive controls).
The sample (10 pL) was added to the corresponding well,
and 100 uL of negative and positive controls were added to
the negative and positive control wells, respectively. The
wells were gently shaken, incubated for 30 min at 37 °C,
and then washed with a washing buffer (5 times). The wells
were filled with horseradish peroxidase (HRP)-conjugate
reagent, incubated, and finally rinsed. In order to develop the
color, chromogen solutions were added to the wells and the
plates were incubated for 15 min at 37 °C. Then, 50 L of the
stop solution was added to each well. Spectrophotometric
readings of the plates were taken at 450 nm optical density.
Positive Toxoplasma-1gG, Toxoplasma-1gM, CMV-IgG, or
CMV-IgM samples were separately determined through data
comparison with their cutoff values, while a negative OD
value < cutoff and a positive OD value > cutoff.

Molecular assessment by RT-PCR

The blood samples obtained from the participants were col-
lected into tubes containing K3 EDTA, and the DNA was
extracted from 200 puL of the blood sample by using the
Gene JET Whole Blood Genomic DNA Purification Mini
Kit (Thermo Scientific) according to the manufacturer’s
instructions. The extracted DNA was stored at — 70 °C until
further processing. RT-PCR assay was performed on 50 ng
of the total extracted DNA using the LightCycler® Multi-
plex DNA Master (Cat. No. 07 339 585 001) (TIB MOL-
BIOL, Berlin, Germany). The identification of Toxoplasma

DNA was performed with specifically designed primers
(Thermo Scientific, Brazil) and those specific for the B/
gene (5'-AACGGGCGAGTAGCACCTGAGGAGA-3' and
5" TGGGTCTACGTCGATGGC ATGACAAC-3') (Evange-
lista et al. 2021). In each reaction, we processed a negative
control (mixture without DNA) and cloned purified Toxo-
plasma DNA available from a previously published gPCR
assay (Hanafy et al. 2018) as a positive control. The reaction
was performed with the LightCycler (Roche Diagnostics)
thermal cycler using the following programming conditions:
15 min at 95 °C for initial denaturation followed by 35 cycles
of 30 s at 95 °C, 1 min at 54 °C, and finally 30 s at 72 °C.
CMYV was identified using the LightMix® Modular CMV
500 (Cat. No. 50-0130-96) (TIB MOLBIOL, Berlin, Ger-
many), according to the manufacturer’s instructions. Quan-
titative PCR was performed on the LightCycler (Roche
Diagnostics,Mannheim, Germany) thermal cycler using the
reaction conditions recommended by the manufacturer. The
program conditions were 5 min at 95 °C, followed by 45
cycles as follows: 5 s at 95 °C; 60 °C for 15 s; 72 °C for
15 s then 1 cycle at 40 °C for 30 s. The standard curve was
processed using serially diluted DNA in Milli-Q water.

CARS score assessment

CARS score consists of 15 items that are used to gener-
ate a total score to define the severity of autism. A total
score of 30-36.5 indicates mild to moderate autism, whereas
37-60 denotes severe autism. CARS are scored by observ-
ing the child and interviewing the family. The items in the
scale include questions on the relationship to people, imita-
tion, emotional response, body use, object use, adaptation
to change, visual response, listening response, perceptive
response and usage, fear or anxiety, verbal communication,
non-verbal communication, activity level, consistency and
level of intellectual response, and finally the general impres-
sions (Rellini et al. 2004; Schopler et al. 2008).

Statistical analysis

The data were reviewed, assigned codes, and enrolled into
the Statistical Package for Social Science (IBM SPSS; ver-
sion 23). Quantitative data were displayed as means, stand-
ard deviations, and ranges. In addition, non-quantitative data
were displayed as numbers and percentages. Comparison
of the data was performed by chi-square test (Xz) for non-
quantitative data and by #-test and ANOVA for quantitative
data. Also, odds ratio (OR) and 95% confidence interval (CI)
were estimated. P <0.05* was considered to indicate statisti-
cal significance.
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Results

Depending on the current observation, the enrolled children
were classified into 4 groups: autistic with Toxoplasma,
autistic without Toxoplasma, control with CMV, and con-
trol without CMV.

Serological and RT-PCR results

The results demonstrated that, out of the total 45 autistic
children, 11 (24.4%) (10 boys, 1 girl) were positive for Toxo-
plasma and only 10 (22.2%) (9 boys, 1 girl) out of the 45
control children were positive (Table 1). Autistic children
with Toxoplasma represented 10 (22.2%) 1gG +/IgM — and
1 (2.2%) 1gG+/IgM + by ELISA, and 1 (2.2%) positive
DNA by RT-PCR (this positive sample was IgG +/IgM + by
ELISA) (Table 3). Among the control children with Toxo-
plasma, ELISA recorded 9 (20%) IgG +/IgM —and 1 (2.2%)

IgG +/IgM +, albeit RT-PCR detected positive DNA in only
1 (2.2%) case (which was IgG +/IgM + by ELISA) (Table 3).
No significant difference was noted between the autistic and
control children concerning the overall prevalence of toxo-
plasmosis (Table 3).

On the other hand, all enrolled autistic children (100%)
(39 boys, 6 girls) and 43 (95.6%) (24 boys, 19 girls) of the
control children were positive for CMV infection (Table 2).
Autistic children with CMV represented 24 (53.3%) [gG+/
IgM —, 18 (40%) IgG +/IgM +, and 2 (4.4%) 1gG-/IgM + by
ELISA, while 25(55.6%) were positive DNA by RT-PCR
(including 18 cases were IgG +/IgM +, 4 were IgG+/
IgM —, 2 were IgG —/IgM +, and only 1 case was [gG —/
IgM —) (Table 3). Among the control children with CMV,
there were 22(48.9%) 1gG +/IgM —, 19(42.2%) 1gG +/
IgM+, and 2 (4.4%) 1gG-/IgM +, while 21 (46.7%) were
positive for CMV-DNA by RT-PCR including (19 were
IgG+/IgM +and 2 were IgG —/IgM +) (Table 3). No

Table 1 Age and sex distribution of autistic and control children with or without Toxoplasma

Groups Age Sex Total x2 P-value OR 95% CI (P value)
Autistic children 3-16 39 boys (86.7%) 45 54.50 p<0.001* 1.13 0.43 t0 3.01
6 girls (13.3%) (P=0.8)
Autistic with Toxoplasma 3-14 10 boys (90.9%) 11 (24.4%)
1 girl (9.1%)
Autistic without Toxoplasma 3-14 29 boys (85.3%) 34 (75.6%)
5 girls (6.8%)
Control children 3-16 24 boys (53.3%) 45 64.07 p<0.001*
21 girls (46.7%)
Control with Toxoplasma 4-16 9 boys (90%) 10(22.2%)
1 girl (10%)
Control without Toxoplasma 4-16 15 boys (42.9%) 35 (77.8%)
20 girls (57.1%)
Table2 Age and sex distribution of autistic and control children with or without CMV
Groups Age Sex Total x2 P-value OR 95% CI (P value)
Autistic children 3-16 39 boys (86.7%) 45 187.50 p<0.001* 5.23 0.24—112.07
6 girls (13.3%) »=0.3)
Autistic with CMV 3-16 39 boys (86.4%) 45 (100%)
6 girls (13.6%)
Autistic without CMV 3-16 0 boy (0%) 0 (0%)
0 girls (0%)
Control children 3-16 24 boys (53.3%) 45 179.09 p<0.001*
21 girls (46.7%)
Control with CMV 3-16 24 boys (55.8%) 43(95.6%)
19 girls (44.2%)
Control without CMV 3-16 0 boys (0%) 2(4.4%)
2 girls (100%)
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Table 4 Relationship between Toxoplasma and CMV prevalence in autistic and control children

Groups Age Sex Total x2 p-value
Boys Girls x2 p-value

Autistic with Toxoplasma 3-14 10 (90.9%) 1(9.1%) 130.57 p<0.001%* 11 (24.4%) 118.35 p<0.001*

Autistic with CMV 3-16 39 (86.4%) 6 (13.6%) 103.10 p<0.001%* 45 (100%)

Control with Toxoplasma 3-16 9 (90%) 1(10%) 124.82 p<0.001%* 10 (22.2%) 108.27 p<0.001*

Control with CMV 3-16 24 (55.8%) 19 (44.2%) 2.25 p>0.05 43 (95.6%)

Table 5 Different ages of all participated children with or without Toxoplasma or CMV infection

Autistic children Control children

Age Total number % Toxoplasma  CMV Total number % Toxoplasma  CMV

(Years) (+ve) (+ve) (+ve) (+ve)

3 2 4.4% 1 2 1 2.2% 0 1

4 7 15.6% 5 7 7 15.6% 1 7

5 7 15.6% 1 6 5 11.1% 2 5

6 7 15.6% 0 7 3 6.7% 0 2

7 4 8.9% 0 4 5 11.1% 2 5

8 2 4.4% 1 2 4 8.9% 1 4

9 8 17.8% 1 8 3 6.7% 1 3

10 2 4.4% 0 2 8 17.8% 1 8

11 0 0% 0 0 2 4.4% 1 2

12 3 6.7% 1 3 0 0% 0 0

13 1 2.2% 0 1 3 6.7% 0 3

14 1 2.2% 1 1 1 2.2% 0 1

15 0 0% 0 0 2 4.4% 0 1

16 1 2.2% 0 1 1 22% 1 1

significant difference was noted between the autistic and
control children regarding the overall prevalence of CMV
(Table 3).

The results indicated a significant difference between
ELISA and RT-PCR assays for the detection of Toxoplasma
and CMV among autistic and control children (Table 3).
CMV demonstrated a higher significant prevalence than
Toxoplasma either in autistic or control children (Table 4). A
significant difference was noted in terms of sex distribution
among the autistic children with Toxoplasma or CMV with
a higher incidence in boys than in girls (Table 4). Regarding
the age, CMV showed a higher incidence across different
ages of all participated children than Toxoplasma (Table 5).

CARS study evaluation

The CARS score in the autistic children with and with-
out Toxoplasma or CMV was not significantly different
(Table 6). Comparison of CARS scores in the autistic group
with Toxoplasma revealed a non-significant difference rela-
tive to other autistic groups (Table 6).
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Table 6 Severity of autistic criteria by CARS in different groups

CAR S score In Relation to
(mean + SD) CARS score of
Autistic with

Study group

Toxoplasma
T-test P value
Autistic with Toxoplasma 36.14+10.6
Autistic without Toxoplasma 34.1+7.7 0.576 P>0.05
Autistic with CMV 36.74+10.65 0.168 P>0.05
Autistic with Toxoplasma & CMV ~ 37.6+10.3  0.337 P>0.05
ANOVA test
F-test 0.606
P value P<0.05
Discussion

Though the underlying causes of autism are not fully
understood, many risk factors may be involved, as genetic
and environmental factors. Prenatal and postnatal exposure
to various pathogens can also be considered as potential



Parasitology Research (2023) 122:1177-1187

1183

risk factors (APA 2013; Siniscalco et al. 2018). There are
no previous prospective studies assess the severity of the
clinical manifestations of autism associated with con-
genital toxoplasmosis/CMYV versus infection after birth.
However, congenital toxoplasmosis/CMYV as well as infec-
tion at early period of life may cause neuronal damage
that can be associated with neuropsychiatric disorders. In
addition, some authors reported that children, adolescents,
and adult with positive toxoplasmosis or CMV antibodies
showed a higher rate of behavior and intellectual disorders
compared to normal controls of the same age (Tedla et al.
2011; Burgdorf et al. 2019). The observed association
between toxoplasmosis or CMV and behavior changes may
be due to increase the level of dopamine that can occur
during the infection (McConkey et al. 2013; Pandey et al.
2014). Also, in autism, there is an increase in the level of
dopamine (Nakamura et al. 2010) and these similarities
supported that congenital and chronic latent toxoplasmosis
or CMV infection can result in the clinical manifestations
of autism as some authors reported (Nayeri et al. 2020;
Shuid et al. 2021).

In the present study, the incidence of toxoplasmosis
among autistic children was 24.4% (11 participants) when
compared to 22.2% (10 participants) in the control children,
and the difference was not statistically significant. This find-
ing is consistent with previous reports of a non-significant
correlation between autism and Toxoplasma infection in
Iran (Afsharpaiman et al. 2014), Turkey (Esnafoglu et al.
2017), and Egypt (Gouda and Shafey 2020). In contrast,
other research demonstrated a significant relationship
between autism and Toxoplasma infection in Egypt (Pran-
dota et al. 2015), Saudi Arabia (AL Malki et al. 2021), and
Iraq (Bazzaz and Jameel 2022), which was also supported
by a meta-analysis reported from different countries (Nayeri
et al. 2020). The low prevalence of toxoplasmosis in autistic
children in the current study may be attributed to the use of
antipsychotic treatment in almost all patients. In support,
Leweke et al. (2004) elucidated that the use of antipsychotic
treatment in schizophrenic patients reduced antibody levels.
In addition, Fond et al. (2014) and Frye et al. (2019) noticed
an in vitro inhibition of Toxoplasma replication with antip-
sychotic drugs. Prandota et al. (2015) suggested that toxo-
plasmosis can exhaust the immune response and reduce the
B-lymphocyte activation, which in turn reduces the levels
of IgG and IgM, making serum Toxoplasma-1gG and IgM
negativity a point of debate.

The current ELISA assay for toxoplasmosis in autistic
children detected 11 (24.4%) of the antibodies [10 (22.2%)
IgG+/IgM —and 1 (2.2%) 1gG +/IgM +], while only 1
case (2.2%) of the Toxoplasma DNA was detected by RT-
PCR assay. In control children with Toxoplasma, ELISA
recorded 10 (22.2%) [9(20%) 1gG+/IgM —and 1 (2.2%)
IgG +/IgM +], while RT-PCR recorded only 1 (2.2%) case.

A significant difference between the serological and molec-
ular results thus confirmed chronic (latent) toxoplasmosis
for most cases, with only 1 case showing acute or reactive
infection in both autistic and control children. These results
conform to those of Zainodini et al. (2013), Ibrahim et al.
(2017), and Elzeky et al. (2022), who reported that Toxo-
plasma-1gG assay showed higher prevalence than RT-PCR
assay for Toxoplasma gene, but that RT-PCR was more reli-
able and sensitive to detect reactivated or acute infections
than Toxoplasma-IgM assay.

In terms of the age of the participants, toxoplasmosis
revealed no relation between seropositivity and age, as also
supported by Zhou et al. (2019) and Elzeky et al. (2022).
The age of seropositivity cases ranged from 3 to 14 years
in autistic children, while it was 3—16 years in control chil-
dren, and the absence of seropositivity in older autistic chil-
dren may be attributed to the longer period of antipsychotic
administration, as described elsewhere (Fond et al. 2014,
Frye et al. 2019).

However, there was a higher significant Toxoplasma sero-
positivity in boys than in girls in both the autistic and control
groups, which was similar to sex distribution in past stud-
ies (Prandota et al. 2015; Esnafoglu et al. 2017). However,
Gouda and Shafey (2020) have reported that autistic girls
were more affected by Toxoplasma than boys, which can
be explained by several reasons. For instance, according
to Kang et al. (2004), the immune response differs across
gender in adolescents. Otherwise, Kankova et al. (2007)
reported that mothers with toxoplasmosis had affected male
offspring more. Moreover, in the present study, the num-
ber of participating boys was higher than girls, especially in
autistic children, which may be an additional cause for this
significant gender seropositivity difference, and the lower
number of autistic female children enrolled in the study can
be explained by the results of Windham et al. (2013), who
suggested that girls had a lower genetic risk for autism.

On the other hand, the incidence of CMV among autistic
children and control children was 100% (45 participants)
and 95.6% (43 participants), respectively, with a non-signif-
icant difference. Similarly, Gentile et al. (2014) and Valayi
et al. (2017) reported a high level of CMV seropositivity in
autistic children and healthy controls with non-statistically
significant differences between both groups. In contrast,
other researchers indicated that autistic cases had a signifi-
cantly higher rate of CMV prevalence than healthy children
(Kawashti et al. 2006; Engman et al. 2015; Sakamoto et al.
2015). In the current study, CMV showed a high prevalence
in both autistic and control groups, which conforms with
previous reports suggesting a high prevalence of CMV sero-
positivity, especially in developing countries (Lachmann
et al. 2018; Arapovi€ et al. 2020; Kahraman and Savci 2022).

For anti-CMV antibodies, 44 (97.8) autistic children
were found positive by ELISA [24 (53.3%) 1gG +/IgM —,
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18 (40%) 1gG +/IgM +, and 2 (4.4%) 1gG —/IgM +], while
25 (55.6%) were found positive by RT-PCR for CMV-DNA.
In control children with CMV, ELISA recorded 43 (95.6%)
[19 (42.2%) 1gG + /1gM +, 22 (48.9%) 1gG +/IgM —, and
2 (4.4%) 1gG —/IgM +] and RT-PCR recorded 21 (46.7%)
cases. Seropositivity of CMV antibodies was significantly
higher by ELISA than by RT-PCR, which agrees with some
data reported previously (EI Sanousi et al. 2016; Arora
et al. 2018). Our observation suggests that almost half of
the enrolled autistic and control children had latent CMV
infection with reactivation or active infection. Although con-
genital CMV infection had been implicated with a variety of
neural deficits including autism, our results could not con-
firm this etiological relevance that was masked by the high
prevalence in all participants.

Furthermore, CMV infection in both autistic and control
children showed a high incidence across different ages, as
also reported previously by Arora et al. (2018). In terms of
gender, a significant difference was noted in CMV preva-
lence between boys and girls, with a higher rate in boys than
in girls; however, it should be considered that the enrolled
autistic children had more numbers of girls than boys. Also,
considering that most of the children from both sexes were
affected, we cannot consider this data as the absolute sig-
nificance and can consider it a bias. Meanwhile, a similar
result has been observed by Seale et al. (2006), Arora et al.
(2018), and Franjica et al. (2020). In contrast, Adeiza et al.
(2016) mentioned higher rates of CMV-IgM seroprevalence
in males, while Shukla et al. (2015) and Bakri et al. (2016)
reported a higher incidence of CMV-IgG seroprevalence
among females.

Interestingly, both autistic and control children showed
significantly higher CMV incidence than toxoplasmosis,
which conforms to the reports of Mahic et al. (2017), Frye
et al. (2019), and Kahraman and Savci (2022). Despite
the absence of any significant difference in the prevalence
of Toxoplasma or CMV between the autistic and control
groups, the autistic children documented a higher risk of
infection than the control, which can be explained by the
association with immune abnormalities in autistic children
compared to the healthy ones, as reported previously (Raouf
et al. 2022).

The present study demonstrated a non-significant differ-
ence in CARS score between all intra-autistic groups (with
and without Toxoplasma and/or CMV infection), as well
as no difference in autistic children with Toxoplasma when
compared to others with CMV or/and Toxoplasma. Although
the highest mean CARS score was recorded in autistic chil-
dren with combined CMV and Toxoplasma infection fol-
lowed by CMV alone and then Toxoplasma alone, the low-
est score was recorded in autistic children without any of
these infections. Similarly, Prandota et al. (2015) observed
no marked difference in the CARS value in autistic children
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with and without Toxoplasma, attributable to a difference in
the age of the participants and their immune system matu-
ration. Similarly, Slawinski et al. (2018) demonstrated that
maternal CMV seropositivity had no association with the
severity of the Social Responsiveness Scale, Second Edi-
tion (SRS-2) scores in autistic children. In contrast, Hamid
et al. (2020) reported more aggressiveness in autistic chil-
dren with Toxoplasma than in those without it. Furthermore,
Gentile et al. (2014) noticed that autistic children with CMV
seropositivity exhibited more severity behavior scales when
compared to those without.

Conclusions

The present results suggested that the rate of prevalence of
toxoplasmosis or/and CMV infection has a non-significant
difference between autistic and control children. Neverthe-
less, autistic children can be considered a high-risk group
for both infections. Thus, according to these results, it can
be concluded that either toxoplasmosis or CMV infection
does not seem to play a role in the etiology of autism among
Egyptian children. One of the limitations of the current
study is that it does not differentiate between the impacts
of congenital infection versus later infection in life on the
severity of autism. Further studies with greater numbers of
contributors with diverse age groups and different study
designs are warranted to obtain more decisive results.
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