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Abstract

Toxoplasma gondii infection is concerned to have an association with epilepsy and depres-
sion either as a cause or a potential risk factor for their occurrence. Nevertheless, there has
been long-standing interest in investigating this possible association, the evidence for such re-
lationship is yet not conclusive. The current study correlated between 7. gondii infection and
Neuropsychiatric disorders: epilepsy and depression, through serological valuation of anti-
Toxoplasma immunoglobulin (Ig) G antibodies. In the current study, 112 patients suffered
from epilepsy (72 cryptogenic and 40 non-cryptogenic), 118 had depression and 60 healthy
volunteers that had no history of any neuropsychiatric disorders in their first degree relatives
were enrolled. Full history taking, complete physical examination, cranial magnetic resonance
imaging (MRI), scalp electroencephalography (EEG), a structured questionnaire and 7. gondii
specific IgG antibody ELISA were performed to all groups. The results showed that the anti-
Toxoplasma 1gG antibodies were detected among cases with cryptogenic epilepsy 34.7% (25
out of 72 cases), non-cryptogenic epilepsy 2.5% (1 out of 40) and depression 20.3% (24 out of
118) groups compared to healthy control group (11.7%). There were significant associations
between T. gondii seropositivity of epilepsy and depression groups in age, residence, contact
with pets and social class compared to control healthy group (p<0.05). Youth and adults had

the highest sero-7. gondii infection especially male in rural areas with low social class.
Keywords: Toxoplasmosis; Epilepsy; Depression; Seropositivity, ELISA, IgG.

Introduction

Toxoplasma gondii is a neurotropic intra-
cellular protozoan, causes toxoplasmosis
(Hamidinejat et al, 2010). It is worldwide
and influences about 33% of the total popu-
lation (Fekadu et al, 2010). Despite the fact
that cats are its definitive host, human infec-
tion is often by ingestion of oocyst in water,
or through tissue cyst in under cooked or
raw meat. Contact with felines, feline defe-
cation and soil have been included with
transmission of the disease to humans (Guo
et al, 2015). Toxoplasmosis varies across the
world, in sub-Saharan Africa high rates of
infection were reported (Negash et al, 2007).
In Egypt, Wishahi (1972) reported neurolog-
ical manifestations in congenital toxoplas-
mic children. Saleh et al. (2014) reported 7.
gondii infection among childbearing age fe-
males and Abdel Aaty and EIl-Sheemy
(2016) stated that prevalence of 7. gondii
infection was increasing particularly in indi-
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viduals with psychological illness. Also, In
Jordan, Obaidat et al. (2015) T. gondii infec-
tion in female university students was high
and most women become infected before
marriage and Morsy et al. (1978) reported
Toxoplasma positivity in a royal institute for
mentally retarded children. During chronic
infection, cysts of toxoplasmosis are located
in numerous anatomical sites including the
brain. 7. gondii genome is known to contain
2 fragrant amino corrosive hydroxylases that
could specifically influence dopamine as
well as serotonin biosynthesis, that been as-
sociated with behavior and mood changes in
individuals (Henriquez et al, 2009). Expo-
sure to 7. gondii was essential to develop
neuropsychiatric and behavioral disorders
(Fabiani et al, 2013). Correlation between
toxoplasmosis and epilepsy was reported
(Ngoungou et al, 2015).

Epilepsy is a chronic neurological disorder
that influences almost 70 million individuals



of all ages around the world (Kariuki et al,
2015). Two types of epilepsy are known:
idiopathic epilepsy with unknown cause;
60% (Scheffer et al, 2016) and the second-
ary type epilepsy from cerebral lesions due
to hypoxic, traumatic, or infections (Schmidt
and Sillanpai, 2016). Cryptogenic epilepsy
is defined as epilepsy syndrome for which
the cause is unknown, but an underlying
brain disease is supposed and 7. gondii in-
fection should be excluded (El-Tantawy et
al, 2013).

The etiology of psychiatric disorders is
mostly unknown. Infections are potential
risk factors for psychiatric disorders espe-
cially 7. gondii (Al-Hussainya et al, 2015).
Depression is a public psychiatric disorder
that is accompanying with significant mor-
bidity and mortality. The prevalence of de-
pression is high in individuals with 7. gondii
infection (Chu Hsu et al, 2014). Depression
is a mood changes described by changes in
state of mind, loss of interest, cognitive
function, pleasure, rest, appetite, or energy
level and suicide attempts (Arling et al
2009). A case of depression with 7. gondii
seropositive who responded only to antide-
pressant treatment after treatment of 7.
gondii was reported (Kar and Misra, 2004).
Also, Alvarado-Esquivel et al. (2016) re-
ported an association between 7. gondii ex-
posure and depression especially in young
age individuals.

Toxoplasmosis primarily controlled by cell

mediated immunity (Denkers and Gazzinelli,
1998), although humoral immune response
plays a significant role (Dupont et a/, 2012).
In human, IgG is the main antibody class
produced in humoral response to toxoplas-
mosis and the diagnosis based on ELISA
(Cafiedo-Solares et al, 2008).
There was limited number of studies with
insufficient data that discuss the correlation
between toxoplasmosis and neuropsychiatric
disorders. More and better studies are need-
ed to determine the real impact of this para-
site on the occurrence of such disorders.
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There is no precise report on anti-7oxopla-
sma antibodies in epileptic and depressed
patients in Zagazig city, Egypt. So, the cur-
rent study aimed to correlate between toxo-
plasmosis and neuropsychiatric disorders:
epilepsy and depression, through serological
valuation of anti-7. gondii IgG antibodies.

Subjects, Materials and Methods

Study design and Data collection: The pre-
sent case control seroprevelance study in-
cluded 112 epileptic, 118 depressed patients
and 60 healthy volunteer control group; aged
between 2-46 years of both sexes, were ad-
mitted to Neurology and Psychiatry Outpa-
tient Clinics of Zagazig University Hospi-
tals, from June 2015 to September 2016. Ep-
ilepsy, depression and control groups were
subjected to full history taking and complete
physical examination.

The epileptic cases were selected from those
attending the Neurology Outpatient Clinics
of Zagazig University Hospitals, and diag-
nosed according to the International League
against Epilepsy (ILAE) 2016 classification
(Scheffer et al, 2016). They were classified
into Groupl (G1) composed of 72 crypto-
genic epileptic patients presented with re-
current epileptic fits with unknown etiology.
They had no past history of head trauma,
brain surgery, previous meningitis, encepha-
litis; with normal brain magnetic resonance
imaging (MRI) and normal electroenceph-
alography (EEG) without family history of
epilepsy. Group2 (G2) composed of 40 epi-
leptic patients presented with recurrent epi-
leptic fits with known causes such as head
trauma, family history of epilepsy, brain
surgery, previous encephalitis or meningitis.
While, depressed cases were selected from
those attending the Psychiatry Outpatient
Clinics of Zagazig University Hospitals, and
diagnosed by psychiatrist according to the
Diagnostic and Statistical Manual of Mental
Disorders, 5" Edition, (DSM V) criteria for
depression (American Psychiatric Associa-
tion 2013). The control group was composed
of 60 healthy volunteers that had no family
history of epilepsy, depression, mood disor-



der or other mental disorders with matched
and similar socio-economic and environ-
mental conditions to patient groups.

A structured questionnaire was used to
evaluate risk factors in all groups, which in-
cluded; age, sex, residence, contact with
pets, contact with soil, pattern of meat con-
sumption, and social class. Anti-Toxoplasma
gondii immunoglobulin G (IgG) antibodies
were assessed in the sera of all groups in the
laboratory of medical Parasitology depart-
ment, Faculty of Medicine, Zagazig Univer-
sity.

Serum collection and serological assay:
Five ml venous blood samples were taken
from cases and control groups under sterile
condition, and centrifuged at 2000 rpm for
10 min; the serum was separated and kept at
-80°C until investigation.

Anti-T. gondii 1gG antibodies were meas-
ured in sera of all groups using commercial-
ly available quantitative ELISA kit (DRG
International, Inc., Mountainside, New Jer-
sey, USA). The test was performed accord-
ing to manufacturer’s instructions.

Ethics statement: The study was approved
by the Ethical Committee of Faculty of
Medicine, Zagazig University. The purpose
and procedures were explained to all partici-
pants, and a written informed consent was
obtained from all cases. Parents provided
informed consent on behalf of all children.

Statistical analysis: Data were analyzed
using SPSS version 16 software (SPSS Inc.,
Chicago, Illinois, USA). Definite data were
presented as frequencies (number and per-
centages). Chi-square test (y3°) was used to
test significance. The P<0.05 was consid-
ered significant.

Results

Of 112 epilepsy cases 72 were cryptogenic
epilepsy with normal neuroradiologic find-
ings (MRI & CT) and 40 non-cryptogenic
epilepsy were with abnormal neuroradiology
findings. The epilepsy and controls were
quite similar regarding most of sociodemo-
graphic characteristics (age, sex, eating un-
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der cook-ed meat, social class) (p>0.05), but
with significant difference between epileptic
and controls as to residence, pets contact and
soil contact (p<0.05). In 118 cases of de-
pression no significant difference was be-
tween depression and controls regarding sex,
reside-nce, soil contact, eating under cooked
meat (p>0.05), but with significant differ-
ence in age, pets contact, social class
(p<0.05) (Tab. 1).

There was significant difference between
epilepsy and controls in 7. gondii seroposi-
tive; 26/112 (23.2%) & 7/60 (11.7%) respec-
tively (p<0.05), without significant differ-
ence between depression and control groups
24/118 (20.3%) and 7(11.7%) respectively
(p>0.05). There was significant difference
between cryptogenic and control groups as
to seropositivity 25/72 (34.7%) and 7/60
(11.7%) respectively (P<0.05). Insignificant
difference was between non-cryptogenic and
controls 1/40 (2.5%) & 7/60 (11.7%) respec-
tively (P>0.05), with significant difference
between cryptogenic and non-cryptogenic
groups (P<0.05) (Tab. 2). There were signif-
icant differences between epilepsy, depres-
sion and controls regarding 7. gondii seropo-
sitive rates in age, residence, contact with
pets and social class (p<0.05), while no sig-
nificant difference between the three studied
groups in sex (p>0,05) (Tab. 3).

Discussion

No doubt, epilepsy is an important health
problem in the developing countries. Cryp-
togenic epilepsy is an epilepsy syndrome for
which the etiologies are hidden or occult
(Moshé¢ et al, 2015). In cryptogenic epilepsy,
persons were more susceptible to parasitosis
and/or intrinsic immunologic alterations that
led to epilepsy (Zibaei et al, 2011).

In the current study, there was significant
age difference between epilepsy, depression
and control groups with highest prevalence
in (17- >31ys) and (2- >16ys) age groups in
cryptogenic and non-cryptogenic groups
52.8% & 62.5% respectively.



Table 1: Sociodemographic characteristics in all groups.

Frequency Epilepsy G Depression G | Control G
Cryptogenic Non-Cryptogenic N=118 N=60 $ P-value
Feature G1=72 G2=40
Age: 2- >16y 27(37.5%) 25(62.5%) 8(32.2%) 28(46.7%)
17->31y 38(52.8%) 12(30%) 72(61%) 30(50%)
32-46y 7(9.7%) 3(7.5%) 38(32.2%) 2(3.3%) 65.97 | <0.0001"
Female 44(61.1%) 29(72.5%) 73(61.9%) 33(55%)
Male 28(38.9%) 11(27.5%) 45(38.1%) 27(45%) 1.71 0.43
Residence: Rural 57(79.2%) 27(67.5%) 62(52.5%) 34(56.7%)
Urban 15(20.8%) 13(32.5%) 56(47.5%) 26(43.3%) | 13.25 | <0.001*
Contact with pets
Yes 63(87.5%) 38(95%) 92(78%) 46(76.7%) 9.1 <0.012*
No 9(12.5%) 2(5%) 26(22%) 14(23.3%)
Eating under cooked meat
Yes 19(26.4%) 24(60%) 55(46.6%) 22(36.7%) | 2.29 0.68
no 53(73.6%) 16(40%) 63(53.4%) 38(63.3%)
Contact with soil
Yes 38(52.8%) 22(55%) 72(61%) 48(80%) 11.68 0.02*
No 34(47.2%) 18(45%) 46(39%) 12(20%)
Social class
Low 53(73.6%) 30(75%) 84(71.2%) 14(23.3%) | 66.31 | <0.0001"
Moderate 16(22.2%) 9(22.5%) 22(18.6%) 44(73.3%)
High 3(4.2%) 1(2.5%) 12(10.2%) 2(3.3%)
“Significant differences between 3 groups () test).
Table 2:Anti-Toxoplasma (1gG) seropositive rates in all groups
T. gondii Epilepsy group Depression group| Control group
Cryptogenic Non-Cryptogenic ' P-value
n=72 (%) n=40 (%) |[n=118| (%) n=60 (%) 3.36" 0.19*
Seropositive 25 | 34.7% 1 2.5% 24 | 203% 7 11.7% 20.58° <0.0001°
C C
Seronegative 47 65.3% 39 97.5% 94 79.7% 53 88.3% 198-.4874d <8:8ggld

%7 test to compare between 3 groups, % test to compare between 2 types of epilepsy and control groups, % test to compare

between cryptogenic and control groups, %7 test to compare between cryptogenic and non-cryptogenic groups.

Table 3. Anti-Toxoplasma (IgG) seropositive rates regarding sociodemograpgic characteristics in all sgroups.

Frequency Epilepsy G Depression G Control G
+ve T. gondii +ve T. gondii +ve T. gondii X P- value
Feature N=26 N=24 N=7
Age
2->16y 6(23.1%) 1(4.2%) 4(57.1%)
17->31y 18(69.2%) 14(58.3%) 2(28.6%) 1522 0.004*
32-46y 2(7.7%) 9(37.5%) 1(14.3%)
female 10(38.5%) 6(25%) 5(71.4%)
male 16(61.5%) 18(75%) 2(28.6%) 5.07 0.28
Residence
Rural 23(88.5%) 20(83.3%) 3(42.9%) 7.55 0.023*
Urban 3(8.67%) 4(16.7%) 4(57%)
Contact with pets
Yes 22(84.6%) 21(87.5%) 3(42.9%) 7.41* 0.025*
No 4(15.4%) 3(12.5%) 4(57%)
Social class
Low 20(76.9%) 18(75%) 2(28.6%) 7.09 0.029*
Moderate 5(19.2%) 4(16.7%) 4(57.1%)
High 1(3.8%) 2(8.3%) 1(14.3%)

Significant difference between 3 groups (x* test).

. The data agreed with Yazar et al. (2003)
who reported a mean age of 37.82+16.64ys
among the cryptogenic epilepsy patients,
35.78+13.53ys in known epileptic cases and
34.02+13.85ys among healthy volunteers.

Also, Zibaei et al. (2011) recorded that there
were significantly more students among the
epileptic patients. Currently, there are in-
complete and sometimes inadequate results
about the association of 7. gondii infection
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and depression. In the present study, depres-
sion was common (61%) in young age group
(17- >31ys) similar to cryptogenic epilepsy.
These results agreed with Alvarado-Esquivel
etal. (2016).

Sex differences with epilepsy were not
clear. There was broad agreement between
studies that females have an apparent lower
incidence of epilepsy and motiveless sei-
zures than males. In this study, epilepsy was
slightly higher in females (61.1% of crypto-
genic and 72.5% of non-cryptogenic epilep-
sy) vs 38.9% of cryptogenic and 27.5% of
non-cryptogenic epileptic males. The results
were similar to Eraky er al. (2016) who re-
ported that epilepsy was slightly higher in
females (52.5% of cryptogenic and 53.3% of
non-cryptogenic epilepsy) vs 47.5% of cryp-
togenic & 46.7% of non-cryptogenic epilep-
tic males. This is not consistent with the fact
that epilepsy is 1 to 2.4 times more common
in men than in women (Sander, 2003). Also,
Akyol et al. (2007) reported 46 women and
54 men were epileptic.

Likewise, depression similar to cryptogen-
ic epilepsy where females was slightly high-
er 61.9% than 38.1% male vs (55% female
and 45% male) in controls. Arling et al.
(2009) reported that male 76 (64%) were
more exposed to depression which result in
suicide attempts than female 60 (61%) com-
pared to healthy individuals 26 (67%).

Epidemiological studies suggested an as-
sociation between helminth infection and
epilepsy, mainly in the poorer areas of the
world (Wagner and Newton, 2009). In the
present study, 75% of epileptic groups exist-
ed in rural areas and 25% in urban areas.
This agreed of Eraky et al. (2016) who re-
ported 64.3% & 35.7% of epileptic groups
were in rural and urban areas respectively.
But, El-Tantawy et al. (2013) reported no
significance between epilepsy and residence.

In the present study, depression was slight-
ly higher in rural areas (52.5%) than in ur-
ban ones (47.5%). This agreed with Al-
varado-Esquivel et al. (2006) who reportted
that most psychiatric inpatients belonged to
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a lower socio-economic level and had lower
housing conditions than the healthy popula-
tions. The present findings showed signifi-
cant difference between the three groups re-
garding contact with soil and social class
with high prevalence of epilepsy and depres-
sion in low social class. Also, there was sig-
nificant difference between epilepsy, depres-
sion and controls regarding contact with pets
(90.2%, 78% & 76.7% respectively), which
indicated that contact with pets might be a
risk factor for epilepsy. These results agreed
with El-Tantawy et al. (2013) who reported
(40.9% & 31.7%) regarding contact with
pets between epileptic and controls respec-
tively. There was significant difference be-
tween the three groups regarding soil contact
and social class with high prevalence of epi-
lepsy and depression in low social class.
But, there was insignificant difference be-
tween the three studied groups regarding
eating under cooked meat

In the present study, there was a signifi-
cant correlation of toxoplasmosis and cryp-
togenic epilepsy, as 34.7% of cryptogenic
group were seropositive compared to 11.7%
of controls. Thus, latent toxoplasmosis may
be an underlying cause for cryptogenic epi-
lepsy (Zibaei et al, 2011). Moreover, Eraky
et al. (2016) reported 20% of epileptic cryp-
togenic group were seropositive compared to
10% of controls. The difference in the
prevalence from ours might be explained by
a difference in the prevalence found in the
general population in each studied city.
This association can be explained by either
presence of dormant 7. gondii cysts that can
cause epileptic foci. Some tissue cysts may
rupture and cause marked inflammation
which trigger microglial formation that may
represent the ‘tombstones’ of 7. gondii cysts
and end to scarring (Frenkel and Escajadillo,
1987). Patient with cryptogenic epilepsy
could be more vulnerable than others to such
infections for reasons distinct to epilepsy, or
due to intrinsic immunologic differences that
predispose them to epilepsy (Stommel et al,
2001). Akyol et al. (2007) reported that no



relationship was reported between crypto-
genic epilepsy and 7. gondii IgG seroposi-
tivity. Cerebral toxoplasmosis has been re-
ported to cause seizures in about 25% of in-
fected cases (Senanayake and Roman, 1991)
by producing diffuse encephalitis or local-
ized lesions (Neto and Bittencourt, 1996).
On the other hand, there was no significant
correlation of 7. gondii infection and non-
cryptogenic epilepsy (2.5%) compared to
controls (11.7%). This result agreed with
Eraky et al. (2016). There was a significant
correlation of toxoplasmosis and depression,
as (20.3%) of depression group had anti-T.
gondii antibodies compared to 11.7% of
controls. Significant associations between
Toxoplasma seropositivity and depression
with total mood disturbance score were re-
ported (Duffy et al, 2015). Prenatal depres-
sion was associated with higher anti-T.
gondii antibodies titers in infected women
(Groér et al, 2011). Individuals suffering
from depression had a significantly higher
seroprevalence of toxoplasmosis than con-
trol cases without depression (Alvarado-
Esquivel et al, 2016). All preceding studies
supported the possible role of toxoplasmosis
in depression. This correlation could be ex-
plained by that 7. gondii was associated with
manufacture of interferon-gamma (INF-y)
and initiation of cerebrum indoleamine 2, 3-
dioxygenase, which changes tryptophan to
kynurenine and makes it inaccessible for
serotonin amalgamation. Besides, serotonin
turnover to its main metabolite, 5-hydro-
xyindoleacetic acid, was likewise improved
at reactivation phase, consequently, impro-
ved tryptophan catabolic shunt and serotonin
turnover, plus, hyperdopaminergic state in
brain (Mahmoud et al, 2016). On the other
hand, Sutterland et al. (2015) did not find a
significant association of anti-7. gondii 1gG
antibodies and depression in a meta-analysis
In the current study, epilepsy and depres-
sion demonstrated that 7. gondii seropositiv-
ity was more common in males (61.5%,
75%) than in females (38.5%, 25.5%) re-
spectively, males were more frequently in-
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fected than females in most endemic areas
(Kaiser et al, 2013), especially those from
rural (88.5%) areas, which matched with El-
Tantawy et al. (2013). But, Zibaei et al.
(2011) did not find significant difference
between seroprevalence of 7. gondii in rural
compared to urban areas. This is consistent
with what Akyol et al. (2007), who reported
that population from urban and rural area
were equally exposed to 7. gondii. Besides,
Alvarado-Esquivel et al. (2016) found that
sexes had no difference in sero-prevalence
in depressed patients. In epilepsy and de-
pression high seropositive rate for 7. gondii
was in low social class (76.9%, 75%) re-
spectively similar to El-Tantawy et al
(2013) and common in young age group (17-
>31y) (69.2%, 58.3%) respectively. Also,
Zibaei et al. (2011) reported that toxoplas-
mosis was more frequently among youth and
adults due to more frequent contact and con-
sumption of contaminated food and poor
hygiene. The gradual increase in sero-
prevalence related to age showed that soil
exposure has the major role in the childhood
years (Jones et al, 2001), besides, an im-
portant risk factor associated with toxoplas-
mosis was contact with cats and dogs, in
which there was significant association be-
tween toxoplasmosis and positive history of
contact with animals (84.6%, 87.5%) respec-
tively mostly cats and dogs. These results
were nearly agreed with Eraky et al. (2016)
and Alvarado-Esquivel et al. (2016).
Conclusion

The outcome data proved that toxoplas-
mosis should be considered as a potential
cause for neuropsychiatric disorders: cryp-
togenic epilepsy and depression that results
from central nervous system infection. Thus,
recommendations with endorsing health ed-
ucation to prevent such infection together
with recording children and young adults for
toxoplasmosis that could help early treat-
ment therefore, decreasing the incidence of
neuropsychiatric disorders. Youth and adults
had the highest seroprevalence of 7. gondii
infection that associated with such disorders



especially male residing in rural areas with
low social class.

Undoubtedly, health education about tox-
oplasmosis should be tailored to women of
childbearing age may help to prevent its
complications.

Conflicts of Interest: Authors neither have
conflict of interest nor received any financial
support.
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