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INTRODUCTION                                                                 

Toxoplasmosis is a global parasitic disease caused 
by the neurotropic pathogen T. gondii. Up to half 
of mankind have been exposed to, or harbor this 
infection[1]. The majority of human infections occur via 
eating raw or undercooked infected meat containing 
cysts, or from ingestion of contaminated food or 
water with sporulated oocysts[2]. Congenital infection 
occurs if tachyzoites in maternal blood cross the 
placenta and infect fetus[3]. Less frequently, infection 
can be transmitted by blood transfusion, solid-organ 
or bone marrow transplantation, or ingestion of 
unpasteurized milk[4]. 

Toxoplasmosis usually remains asymptomatic, 
or it may lead to mild flu-like illness in 
immunocompetent individuals. Although, it can cause 
severe manifestations in those with compromised or 
diminished immune system, as AIDs patients, as well 
as pregnant women and newborns, respectively[5]. The 
severity of congenital toxoplasmosis and the rate of 
transmission of infection differ according to duration 
of pregnancy. The severity of infection increases, and 
the rate of transmission decreases in the first trimester 
and vice versa in the third trimester[6]. Outcome of 
congenital toxoplasmosis varies from asymptomatic 

infection to intrauterine fetal death or birth of severely 
affected children. The clinical presentations may 
differ from obvious defects as intrauterine growth 
retardation, microcephaly, and hydrocephalus to 
subclinical infections leading to retinochoroiditis[7], 
and long-term neurodevelopmental disorders as 
mental retardation[8], epilepsy[9], schizophrenia[10,11] 
and psychiatric disorders later in life[12].

Infection can be diagnosed by serology, mouse 
inoculation, tissue culture of clinical specimens, and 
PCR. Traditionally, diagnosis of infection relies on 
serological detection of Toxoplasma-specific IgM and 
IgG antibodies in serum[4]. Given the global burden 
attributed to toxoplasmosis, the scarcity of research 
done in Egypt necessitates more studies on the effect 
of T. gondii on congenital and neurodevelopmental 
disabilities. This study aims to identify any 
association between Toxoplasma-specific IgM and/or 
IgG antibodies in children and neurodevelopmental 
disorders, and to analyze the risk factors among the 
recruited children and their mothers that may be 
associated with toxoplasmosis. This study would 
be beneficial in enhancing both antenatal and early 
childhood care side by side in the locality. 
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ABSTRACT
Background: Toxoplasma gondii is a widespread neurotropic protozoan that influences the CNS physiology 
with a potential role in mediating congenital and neurodevelopmental disabilities of children. 
Objectives: The current study was conducted to investigate the associations between toxoplasmosis and 
neurodevelopmental disorders in children and to analyze the possible risk factors.
Patients and Methods: In this case control study, serum samples from 120 children with neurological 
disorders and 120 healthy control children were investigated for anti-Toxoplasma IgM and IgG antibodies 
using the enzyme-linked immunosorbent assay (ELISA). Demographics, maternal and children risk factors 
and developmental data of children were recorded.
Results: The seropositivity rates of both IgM and IgG anti-Toxoplasma antibodies were higher in the 
children group with neurodevelopmental disorders than the control group with significant difference. 
Statistically significant associations were found between Toxoplasma IgG seropositivity and children 
manifesting hydrocephaly, microcephaly, and Down syndrome. While anti-Toxoplasma IgM seropositivity 
was significantly associated with children manifesting epilepsy and Down syndrome. Contact with soil 
and farm animals was found to be a significant risk factor for toxoplasmosis in this study.
Conclusion: The findings denote that toxoplasmosis is a probable risk factor for neurodevelopmental 
disorders in children. This highlights the importance of toxoplasmosis consideration by pediatricians for 
investigating and early management of such congenital and neurodevelopmental disorders.
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PATIENTS AND METHODS                                                                 

This case control study was conducted during the 
period from May 2018 to April 2019 in the laboratory of 
Medical Parasitology Department, Faculty of Medicine, 
Mansoura University.

Patients and data collection: The study was 
conducted on 120 patients aged from 9 months to 5 
years monitored by the Neurology unit, Mansoura 
University Children’s Hospital, Mansoura, Egypt. Group 
1 included children with various forms of neurologic 
diseases: Down syndrome (no. = 62), hydrocephalus 
(no. = 8), microcephaly (no. = 18), attention deficit 
hyperactive disorder; ADHD (no. = 12), and epilepsy 
(no. = 20). An equivalent number of apparently healthy 
children of similar age and sex, and from the same 
demographic areas were recruited as the control group 
2 (no. = 120). Children with history of neurosurgery, 
head injury or trauma, neoplastic or autoimmune 
diseases, or receiving immunosuppressant or systemic 
corticosteroid, and those with possible neurological 
infection, were excluded from the research. 

A structured questionnaire was used for all children 
to collect information regarding the demographics, 
history of the neurodevelopmental disorder(s), risk 
factors, such as history of eating raw or undercooked 
meat, drinking of raw milk, contact with farm animals, 
soil and cats, as well as blood transfusion. Also, family 
history of other siblings, or family member/s with 
same condition or other neurological disorders was 
recorded. Besides, a questionnaire was given to the 
mothers of the recruited children, in order to gather 
data concerning Toxoplasma antenatal risk factors, as 
well as their personal details as history of abortion, 
still birth, or neonatal death, type of labor, period of 
gestation, and the birth weight.

Collection of blood samples: Approximately 3 
ml venous blood was collected from each child 
by venipuncture, under sterile condition. Blood 
samples were then transported to the Department of 
Medical Parasitology, Faculty of Medicine, Mansoura 
University, within 1-2 hours. Serum was separated 
by centrifugation at 1000 rpm and was then stored 
in labeled sterile vials at −20°C according to safety 
practices, until used.

Serological investigation: Serum samples were 
kept at room temperature immediately before usage. 
Investigation for T. gondii-specific antibodies (IgM and 
IgG) was run in duplicate with negative and positive 
serum samples using commercial ELISA kits (BioCheck, 
Inc., CA, USA), which have a sensitivity and specificity 
of 98.3% and 99.2%, respectively. Testing was done 
according to the manufacturer's instructions[13]. 
Toxoplasma indices of ≥ 1.0 (> 32 IU/ml) were treated 
as positive, < 0.90 (<32 IU/ml) were negative, and 
those that were undefined between 0.91–0.99 were 

re-examined. Blood samples were disposed of in a 
safe manner after usage according to the institute 
guidelines. 

Data analysis: Statistical analysis was done using the 
SPSS version 22. Numbers and percentages were used 
to express qualitative data. Chi-square and Fisher's 
exact tests were employed to test relation between 
categorical variables. P values ≤ 0.05 were considered 
statistically significant. 

Ethical consideration: Ethical approval was obtained 
from Mansoura Faculty of Medicine-Institutional 
Research Board and the Ethical Review Committee 
of Mansoura University Children’s Hospital, Faculty 
of Medicine, Mansoura University. Study aims and 
procedure of blood sample collection were explained 
to parents or legal guardians of the recruited children 
and an informed written consent was obtained for each 
child/mother. All children and mother’s data were kept 
strictly confidential.

 RESULTS                                                                 

Sero-epidemiology of T. gondii in the recruited 
children: In this study, positive anti-T. gondii IgM was 
recorded in 20% of recruited children with neurological 
diseases (group 1) and 6.7% of controls (group 2), with 
statistically significant difference (P=0.03). Regarding 
anti-T. gondii IgG antibodies, sero-positivity rates were 
38.3% and 10% in groups (1) and (2), respectively, with 
statistically significant difference (P<0.001). Moreover, 
6.7% of patients in group (1) and 3.3% from the controls 
had both T. gondii IgM and IgG antibodies. There were 
no significant differences between Toxoplasma-specific 
IgM and/or IgG seropositivity rates in the children 
concerning any of the measured demographics; age, 
sex, and site of residence (Table 1).

Anti-T. gondii antibodies and neurological 
manifestations: Table (2) showed statistically 
significant associations (P<0.05 for each variable) 
between Toxoplasma IgM sero-positivity and group of 
children manifested with epilepsy and Down syndrome, 
between Toxoplasma IgG seropositivity and children 
group manifested with microcephaly, hydrocephalus 
and Down syndrome, as well as between combined 
positive anti-T. gondii IgM/IgG and Down syndrome. 
On the other hand, there was no significant correlation 
between T. gondii antibodies and ADHD. 

Analysis of risk factors of T. gondii infection: A 
significant association was recorded only between 
contact with farm animals/soil as a risk factor and 
toxoplasmosis seropositivity in group (1). Analysis 
of anti-T. gondii sero-positivity of children and 
the obstetric history of their mothers revealed no 
statistically significant correlation between them in 
both groups (Table 3).
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Table 2. Relation between anti-T. gondii antibodies and neurological diseases of children.

Clinical
Manifestations (no.)

IgM (no. = 24) IgG (no. = 46) Combined Igs (no. = 8)
N (%) P value N (%) P value N (%) P value

Microcephaly (18)
Hydrocephalus (8)
ADHD (12)
Epilepsy (20)
Down syndrome (62)

6 (25.0)
0 (0)

6 (25.0)
10 (41.7)

2 (8.3)

0.28
0.57
0.08

0.009*
0.001*

14 (30.4)
8 (17.4)
6 (13.0)
6 (21.7)
8 (17.4)

0.008*
0.009*

0.67
0.41

<0.001*

4 (50)
0 (0)

2 (25)
2 (25)
0 (0)

0.1
1.0

0.35
0.53

0.049*
no.: Number examined; N: Number positive; Combined Igs: Combined IgM/IgG positive; ADHD: Attention deficit hyperactive 
disorder; *Statistically significant (P ≤ 0.05).

Table 3. Correlation between children exposure to risk factors and the obstetric history of their mothers and toxoplasmosis 
seropositivity.

Risk factors Combined Igs in group (1) Combined Igs in group (2)
no. N (%) P value Odds ratio no. N (%) P value Odds ratio

Children
Artificial feeding
Drinking raw milk
Eating raw or undercooked meat
Contact 

With cats
With farm animals or soil

22
36
32

24
34

2 (25)
0

4 (50)

4 (50)
6 (75)

0.57
0.17
0.29

0.85
0.03*

1.5 (0.14-16.31)
UD

3.0 (0.39-23.33)

0.81 (0.11-6.14)
9.0 (0.86-93.7)

8
0

92

66
84

0
0

4 (100)

0
4 (100)

1.0
0

1.0

1.0
0.9

UD
UD
UD

UD
UD

Mothers
Abortion
Stillbirth
Intrauterine fetal death
Contact

With cats
With farm animals or soil

Eating raw or undercooked meat
Drinking raw milk
Type of labor

Vaginal
Cesarean

Gestational age
Full term 
Preterm

Birth weight 
Normal
Low

94
20
34

120
120
38
36

74
46

112
8

120
0

6 (75)
0

4 (50)

8 (100)
8 (100)
2 (25)

0

30
22

4 (100)
0

4 (100)
0

0.87
0.36
0.32

1.0
0.31

0.58

1.0

0.81 (0.08-8.6)
UD

2.73 (0.35-21.17)

0.70 (0.07-7.24)
UD

1.34 (0.47-3.84)

UD

8
20
24

120
120
4
0

84
36

38
82

30
90

0
0
0

4 (100)
4 (100)

0
0

50
16

6 (75)
2 (25)

4 (50)
4 (50)

1.0
1.0
1.0

0.1
0

0.56

0.9

0.23

UD
UD
UD

UD
UD
UD
UD

1.9(0.51-3.53)

7.5(0.73-77.6)

3.3(0.42-25.8)

Table 1. Sero-positivity rates of anti-T. gondii IgM and IgG antibodies in the studied children.

Toxoplasma antibodies
Group 1 (no.=120) Group 2 (no.=120) Statistical analysis

P valueN (%) N (%)
Positive IgM (Toxplasma index ≥ 1.00)
Positive IgG (Toxoplasma index ≥ 1.00)
Positive combined IgM & IgG

24 (20.0)
46 (38.3)

8 (6.7)

8 (6.7)
12 (10)
4 (3.3)

χ2 = 4.61, P = 0.03*
χ2= 13.14, P < 0.001*

FET, P =0.67
Group 1: Children with different forms of neurologic disorders; Group 2: Controls; no.: Number examined; N: Number positive; X2: 
Chi-Square test; FET: Fischer´s exact test; *Statistically significant (P ≤ 0.05); Toxoplasma index: Sample mean value/calibrator 
mean value.

Group 1: Children with different forms of neurological disorders; Group 2: Controls; no.: Number examined, N: Number positive. 
Combined Igs: Combined IgM and IgG positive; UD: Undefined due to presence of zero in one or more cells.  *Statistically significant 
(P ≤ 0.05).
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Anti-T. gondii antibodies and other evaluated 
parameters: No significant association was detected 
between Toxoplasma-specific antibodies and the 
neurological disabilities assessed except for positive 
Toxoplasma antibodies and combined motor and 
mental delay in Down syndrome (P=0.02) (Table 4). 
It is worth mentioning that there was no significant 
association between Toxoplasma seropositivity, and 
growth parameters; weight and height (data not 

shown). Regarding seropositivity and family history 
of children, there was significant association in both 
groups: In group (1), eight cases with positive IgM 
and four cases with positive combined IgM/IgG had 
family history of other siblings with same condition 
(P=0.004 and 0.03, respectively). In group (2), there 
was significant association between IgG positivity 
and the family history of other neurological diseases 
(P=0.04) (Table 5).

Table 4. Relation between anti-T. gondii antibodies and developmental parameters of children with neurological diseases.

Developmental delay
Motor Mental Motor and mental Mental and speech

Down no. = 62
Toxoplasma Ig +ve [N (%)]
P value

2
0

1.0

16
0

0.15

34
0

0.02*

10
10 (100)

0.28
Hydrocephalus no. = 8(a) 

Toxoplasma Ig +ve [N (%)]
P value

6
6 (75)

1.0

0
0
-

0
0
-

0
0
-

Microcephaly no. =18(b) 
Toxoplasma Ig +ve [N (%)]
P value

10
8 (50)

1.0

0
0
-

4
4 (25)

1.0

2
2 (12.5)

1.0
ADHD no. =12(a,b)

Toxoplasma Ig +ve [N (%)]
P value

4
2 (20)
0.33

0
0
-

0
0
-

4
4 (100)

1.0
Epilepsy no. =20(a,c)

Toxoplasma Ig +ve [N (%)]
P value

10
8 (44.4)

1.0

0
0
-

0
0
-

4
4 (22.2)

1.0
no.: Number examined, N: Number positive; ADHD: Attention deficit hyperactive disorder; Toxoplasma Ig+ve: Number of 
Toxoplasma-positive children (either isolated IgM or IgG or combined IgM/IgG).  *Statistically significant (P ≤ 0.05). a: Two cases 
were associated with speech delay, b, c: Two and four cases with no developmental delay, respectively.

Table 5. Association between T. gondii seropositivity and family history of the recruited children.

Family history
Siblings with 

same condition
Other members with 

same condition
Other neurological 

disease
no. 10 10 18

Group 1 IgM +ve [N (%)]
P value

IgG +ve [N (%)]
P value

Combined Igs  +ve [N (%)]
P value

8 (33.3)
0.004*

6 (13)
0.36

4 (50)
0.03*

2 (8.3)
1.0

6 (13)
0.36

2 (25)
0.30

4 (16.7)
0.86

6 (13)
0.74

2 (25)
0.49

no. 0 0 8
Group 2 IgM +ve [N (%)]

P value
IgG +ve [N (%)]
P value

Combined Igs  +ve [N (%)]
P value

0
--

0
--

0
--

0
--

0
--

0
--

0
0.58

4 (33.3)
0.04*

0
1.0

Group 1: Children with different forms of neurological disorders. Group 2: Controls, no.: Number examined, N: Number positive. 
Combined Igs +ve: Combined IgM and IgG positive. *Statistically significant (P ≤ 0.05).
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DISCUSSION                                                                 

The neurotropic affinity of T. gondii can influence 
the CNS physiology[14], hence it is able to mediate 
neurodevelopmental disorders of children affecting 
their mentality and behavior[8,15-17]. In this study, the 
overall prevalence of toxoplasmosis was 51.7% in 
children with neurodevelopmental disorders compared 
to 13.3% in controls. The seropositivity of anti-T. gondii 
IgM, IgG and combined IgM/IgG were 20%, 38.3% and 
6.7% among children with neurological manifestations 
and 6.7%, 10% and 3.3% in the control group, 
respectively, with significant differences except for the 
combination of both immunoglobulins. This difference 
mirrors a plausible association between toxoplasmosis 
and neurological disorders. The results corroborated 
those of our preliminary study on 30 children suffering 
from central nervous system manifestations without 
obvious chromosomal anomalies, 30 children with 
Down syndrome and 30 healthy children[18]. This 
association was also previously reported by Zaki 
et al.[19] who detected a high seropositivity of anti-
Toxoplasma IgG (35.8% vs 14.8%) in neuropsychiatric 
patients at KSA than controls, but no significant 
association was reported between anti-Toxoplasma 
IgM seropositivity and neuropsychiatric disorders. 
Also, Shehata et al.[20] studied T. gondii infection among 
patients with neurodevelopmental disorders and 
recorded a seropositivity of 16.5% and 50% for IgM 
and IgG, respectively, and determined a significant 
association between anti-Toxoplasma IgG but not IgM 
seropositivity and neurodevelopmental disorders. 
These variations in the seropositivity rates may be 
explained by using different diagnostic tests, study 
population manifestations, age group, sample size, 
study area, number of handled cats and their infectivity, 
methods of infection and geographical variations[21].

Reviewing    the  literature,  there  are  many  
explanations   for  such association  between 
toxoplasmosis   and  neural   disruption   which 
include many anatomical, immunocellular and 
neurotransmitter-related changes which occur after 
toxoplasmosis, and consequently play a significant 
role in the development of neurological disorders[22,23]. 
Toxoplasmosis may cause alternations in 
neurotransmitter levels like serotonin, noradrenaline, 
glutamate, nitric oxide and gamma aminobutyric acid[24], 
increase in the levels of pro-inflammatory cytokines[25] 
and modulate the dopaminergic signaling[26]. The 
behavioral changes produced by cyst formation in the 
brain tissue in response to toxoplasmosis may also be 
related to the localization of the cyst within specific 
parts of the brain coma[23] and this is assumed to be 
one of the main causes of epilepsy in patients with 
toxoplasmosis[27]. Moreover, tachyzoites may invade 
the brain tissues and excite brain cells especially 
neurons, microglia and astrocytes[28]. Additionally, 
the presence of Toxoplasma in the brain provokes 
inflammatory response and stimulates the immune 

system to produce antibodies against autoantigens 
and so increase the synthesis and secretion of pro-
inflammatory cytokines[29]. Interestingly, Brynska et 
al.[30] described that many host genes and proteins 
could be affected by toxoplasmosis, signifying its 
involvement in many genetic disorders, particularly 
psychiatric diseases.

Our results show rates of 8.3% and 17.4% 
seropositivity for anti-Toxoplasma IgM and IgG 
respectively among children group manifested 
by Down syndrome with a statistically significant 
association between Down syndrome and 
toxoplasmosis in comparison to control group. To 
our best knowledge, there is no previous data on the 
relation between children with Down syndrome and 
T. gondii seropositivity except our previous study[18] 
that demonstrated seropositivity rates of 3.33% and 
13.33%, respectively. However, the study of Shehata et 
al.[20] reported higher rates of anti-T. gondii IgM and IgG 
antibodies in patients with Down syndrome (10.3% and 
34.5%, respectively). This may due to the different age 
groups between the two studies. Worthwhile, T. gondii 
is an intracellular parasite affecting the chromatin 
structure of infected cell[31], so it may be a causative 
agent for developing Down syndrome. Furthermore, in 
T. gondii-chronically infected mice, some genes were 
found to be over expressed in the brain[22] as S100b, a 
calcium-binding protein produced and expressed by 
astrocytes[32]. Significantly increased S100b protein in 
amniotic fluid of pregnancies with Down syndrome 
may suggest association between T. gondii infection 
and development of Down syndrome[33]. Moreover, a 
previous study recorded that DNA hypomethylation 
can influence chromosomal structure and gene 
expression[34] and T. gondii infection can cause DNA 
hypomethylation in peripheral blood cells, signifying 
an association between Down syndrome and T. gondii 
infection[35].

In our study, there was no statistically significant 
association between developmental parameters and 
Toxoplasma seropositivity except for combined motor 
and mental delay in children with Down syndrome. 
However, higher rates of Toxoplasma seropositivity 
were recorded among children with various types 
of developmental delay. These high rates agree with 
other Egyptian studies conducted by Ameri et al.[36] 
that recorded 43.75% prevalence rate of anti-T. gondii 
IgG in children with unknown cause of intellectual 
disability, and by Shehata et al.[20], that documented IgM 
and IgG antibodies in 15.5% and 49.6% of patients with 
speech and language development delay, respectively. 
Also, another Egyptian study reported a significant 
(P<0.001) seroprevalence of toxoplasmosis among 
mentally retarded patients (42%) in comparison with 
control group (17.5%)[8].

In Brazil, Caiaffa et al.[37] reported 55% prevalence 
rate of T. gondii infection in intellectually disabled 
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patients. However, a lower result was observed by 
Ezatpour et al.[38] who assessed 14 mentally retarded 
children below 10 years in Iranian rehabilitation 
centers and reported that only one case (7.1%) had 
anti-T. gondii IgG antibodies. Abdoli et al.[39] suggested 
that T. gondii infection can affect the dopamine systems 
in offspring leading to delayed motor development, 
increased prevalence of mental retardation and 
cognitive delays, besides increased risks of some 
neuropsychiatric disorders. 

No significant association was observed between 
Toxoplasma seropositivity in children and any of the 
questioned risk factors either for children or mothers 
except for the contact with farm animals/soil. This 
association was previously reported[40,41] and it reflects 
personal hygiene problems in these children besides 
environmental contamination with T. gondii oocysts[41]. 
The modesty of the sample size for the analysis of the 
risk factor for toxoplasmosis was a limitation and this 
may explain the non-significant results of other risk 
factors. 

In conclusion, Toxoplasma seropositivity rates 
in children with neurodevelopmental disorders are 
significantly higher than control group postulating 
that Toxoplasma infection may have consequences on 
the nervous system of the affected children leading to 
neurodevelopmental disorders. The findings of this 
study suggest that there is a significant correlation 
between toxoplasmosis and Down syndrome which 
needs further research on a large scale to assess this 
association. Future efforts are necessary to delineate 
the mechanism/s by which toxoplasmosis affects brain 
and causes neurodevelopmental disorders in children 
and to define the most probable Toxoplasma genotype 
responsible for that. 
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