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ABSTRACT:

Chronic toxoplasmosis is a widespread zoonotic disease caused by a protozoan parasite, Toxoplasma gondii (T. gondii). Chronic
T. gondii has recently been linked to the development of psychiatric disorders by interfering with thyroid hormone levels.
Unfortunately, not enough research has been done on this link. Therefore, we studied the possible association between chronic
toxoplasmosis and thyroid function hormones in schizophrenic patients. The study included 101 patients with schizophrenia who
were hospitalized to three psychiatric hospitals in Kurdistan Region. Demographic information and 4 ml of venous blood were
collected from each patient and examined for detection of anti-Toxoplasma 1gG antibody via enzyme-linked immunosorbent assay
(ELISA). Furthermore, thyroxine (T4), triiodothyronine (T3), and thyroid-stimulating hormone (TSH) levels were measured in
serum by ELISA technique. Overall, 40% of patients tested positive for T. gondii IgG antibodies. Toxoplasmosis incidence
increased significantly in the 50 to 60-year age group (OR= 6.2, p =0.05). Data analysis showed a non-significant association
between chronic toxoplasmosis and TSH levels (p>0.5). In contrast, we found a strong positive association between chronic
toxoplasmosis and T4 levels (p=0.01); furthermore, the seropositive group had higher T4 levels (10.2 + 2.6) than the seronegative
group (7.0 = 1.7). Finally, chronic toxoplasmosis was positively but non-significantly associated with T3 levels (p=0.3), and T3
levels were higher in the seropositive group (1.9 £ 0.5) in comparison to the seronegative group (1.1 + 0.4). In conclusion, chronic

toxoplasmosis was significantly associated with elevation in thyroxine levels in patients with schizophrenia.

KEY WORDS: Toxoplasma gondii, Chronic toxoplasmosis, Thyroid function hormones, ELISA.

DOI: http://dx.doi.org/10.21271/ZIPAS.35.SpD.5
ZIPAS (2023) , 35(SpD);44-50 .

1.INTRODUCTION:

Chronic or latent toxoplasmosis is a widespread,
zoonotic disease caused by an obligate
intracellular parasite called Toxoplasma gondii (T.
gondii). The parasite can infect almost all warm-
blooded animals including human and birds
(Mageed, 2017). About 30% of the world's
population is infected with toxoplasmosis (Egorov
et al., 2021). The parasite produces infected cysts
in the muscle, brain, or other body tissues,
resulting in a chronic infection that lasts a
lifetime. Despite the fact that chronic infections
are often asymptomatic, they are connected with
neurological impairments and an increased risk of
neuropsychiatric disorders (Kamal et al., 2022).
Furthermore, Ticks have recently been implicated
as a potential vector for the spread of T. gondii
(Ben-Harari, 2019).
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Schizophrenia is a chronic central nervous
system neuropsychiatric illness that affects 1% of
people globally (Cheslack-Postava & Brown,
2022). While the causes of schizophrenia are
poorly understood, family studies suggest that
hereditary factors play a significant role in the
disease's etiopathogenesis(Schliiter & Barragan,
2019). Epidemiological studies, on the other hand,
have linked environmental factors such as being
born in the winter season or urban area, or being
exposed to infectious agents to increase the
chance of having schizophrenia later on in life
(Desmettre, 2020).

Among the infectious agents, Toxoplasma
gondii has been suggested as a potential factor in
the development of psychiatric disorders in certain
people (Elsheikha et al., 2016). Multiple pieces of
evidence suggest that the parasite may live for a
long time in the brain of the infected host, where it
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may exhibit its neurotropism and consequently
influence the host's behavior (Schliter &
Barragan, 2019; Desmettre, 2020).

Thyroid Stimulating Hormone (TSH) is a
glycoprotein hormone synthesized and regulated
by Thyrotropin Releasing Hormone (TRH), which
is secreted by the nerves in the dorsomedial
hypothalamus region of the brain. Through
negative feedback, TSH stimulates the release of
T4 and T3 by the thyroid gland (Razvi et al.,
2019). Thyroid hormones are vital for
development and metabolism, and they have a
substantial impact on speaking abilities,
behavioral modulation, and memory due to their
influence on the development of the central
nervous system (Alvarado-Esquivel et al., 2019).
Although T. gondii can infect almost any organ in
the human body, it is only after entering the brain
that it poses a threat to the thyroid. Once there, it
can alter the morphology of the thyroid gland and
significantly increase thyroid peroxidase (TPO),
both of which are crucial to the production of
thyroid hormones (Al-Issawi & Aysir, 2020).

Very little is known about the impact of
chronic toxoplasmosis on TSH and thyroid
hormones and its role in developing psychiatric
disorders. Therefore, the objective of our study
was to examine a potential link between chronic
toxoplasmosis and thyroid function hormone
levels in individuals with schizophrenia.

2. MATERIALS AND METHODS

2.1. Study population

The population of the current study consisted of
101 individuals diagnosed with schizophrenia. All
of the study participants were aged between 18-60
years old, and they were hospitalized and on
antipsychotics at Soz mental hospital, Shahid
Salah Muhandis mental hospital in Sulaymaniyah,
and Erbil mental hospital in Erbil city, located in
the Kurdistan Re%ion of Iraq, from January 1st,
2021, to March 2", 2022. In order to gather socio-
demographic information, a questionnaire was
prepared and utilized. Informed permission was
acquired from each participant in this study.

2.2. Sample collection

Using the conventional venipuncture technique,

4 ml of venous blood was drawn from all patients.
Sera samples were obtained by centrifuging the
blood samples at 14000 rpm (round per minute)
for 14 minutes. The serum samples were then
transported in a cool box to the SHRC (Science
and health research center) at Koya University.
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The samples were stored in Eppendorf tubes and
kept at -80°C until examination.

2.3. Anti-Toxoplasma IgG antibody detection in
serum

A commercially available  enzyme-linked
immunosorbent assay (ELISA) kit (Pishtaz Teb,
Iran) was used to qualitatively measure anti-
Toxoplasma IgG  antibody levels in serum
according to manufacturer’s instructions, using
microplate reader EXL800 (Bio Teck, USA).
According to the manual, the IgG levels reater
than 331U/ml were reported as seropositive.

2.4. Thyroid hormone evaluation

A commercially available, enzyme-linked
immunosorbent assay (ELISA) kit (PishtazTeb,
Iran) was wused to qualitatively measure
triiodothyronine (T3), thyroxine (T4), as well as
thyroid-stimulating hormone (TSH) levels in
serum according to manufacturer’s instructions,
using microplate reader EXL800 (Bioteck, USA).
According to the kit’s manual, the normal ranges
for each hormone were as follows: T3 (0.5-2.2
ng/ml), T4 (4.6- 12.6 pg/dl), and TSH (0.4-5.3
mIU/l).

2.5. Data analysis

Data analysis was carried out using Statistical
Package for Social Science version 26 (SPSS,
Inc., Chicago, IL, USA. The demographic
characteristics of the study groups were compared
using the Chi-squared test. The risk variables for
T. gondii 1gG seropositivity were evaluated using
regression analysis. Furthermore, T-test was
utilized to compare the continuous variables.
Furthermore, the association between thyroid
hormones and anti-Toxoplasma 1gG antibody was
evaluated using Pearson's correlation. All of the
data analysis was conducted with 95% confidence
intervals, and the attained P value <0.05 was
reported as statistically significant.

3. RESULTS

3.1 Socio-demographic characteristics of the
study participants

The research population consisted of a hundred
and one people diagnosed with schizophrenia. The
socio-demographic characteristics are presented in
Table (1). Of the 101 participants whose samples
were tested, 40 were found to have anti-
Toxoplasma IgG antibodies. According
to Toxoplasma IgG antibody detection, the study
participants were separated into 2 groups; 61
(60.4%) Toxoplasma IgG seronegative and 40
(39.4%) Toxoplasma IgG  seropositive.  Anti-
Toxoplasma IgG antibody levels ranged between
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0.02 — 956 IU/ml, with a mean of 168.8 £ 121.1
IU/ml. The majority of the study participants were
male, 70 (69.3%), and only 31 (30.7%) females.
The participants aged between 18 to 60 years old
averaged 41+ 9.7 years.

Chi-squared  analysis  showed  no
statistically significant difference in age, gender,
blood group, and marital status between the study
groups. Interestingly, the most common blood
group was A+ (36.6%), although the difference in
the blood groups was close but could not reach a
significant level (0.06).

Furthermore, logistic regression analysis
for assessing the risk factors revealed that patients
in the 50-60 age range had a 6-fold increased risk
of developing chronic toxoplasma infection
compared to the other age groups (OR=
6.20, P=0.05, CI upper 40.30 and CI lower 1.04)
than the other age groups. Finally, no significant
association was found between the parasite and
gender, marital status, or ABO blood group (Table
2).
Tz:lble 1 Socio-demographic characteristics and Toxoplasma
prevalence of the study population

Table 2 Regression analysis of risk factors associated with
chronic toxoplasmaosis in schizophrenic patients

Socio- P 95 % ClI
demographi_c B OR value

characteristics Upper  Lower
Age in years

18-29 e e e
30-49 1.37 414 0.11 0.76 22.03
50-60 1.51 6.20 0.05 1.04 40.30
Gender

Male e
Female 0.81 0.45 0.14 0.18 1.18
Blood Group

A+ L i e i e
A- -0.12 0.94 0.90 0.13 1.01
AB+ 0.20 0.81 0.84 0.10 6.64
AB- -2.50 0.01 0.99 0.01 1.00
O+ 1.63 0.20 0.11 0.03 1.61
O- -2.40 0.01 0.90 0.02 1.00
B+ 1.42 0.34 0.24 0.02 3.01
B- -2.21 0.01 1.00 0.01 1.00
Marital status

Married o i e e
Un-married 0.91 3.22 0.15 0.73 7.20

) 1gG 1gG

Socio- seronegative  seropositive  Total =
demographic  pn=61 n=40

- value
characteristics —, % n % n %
Age, mean 395 42 41+ 0.16
+SD + + 9.7

10.1 8.8

18-29 11 18 2 5 13 12.8
30-49 37 60 28 70 65 644
50-60 13 22 10 25 23 228
Gender
Female 23 37.7 8 20 31 30.7 0.06
Male 38 62.3 32 80 70 69.3
Blood group
O+ 19 311 7 175 26 25.7 0.06
O- 1 1.6 1 2.5 2 2
AB+ 4 66 6 15 10 9.9
AB- 1 1.6 0 0 1 1
A+ 17 279 20 50 37 36.7
A- 5 8.2 1 2.5 6 5.9
B+ 12 197 5 125 17 16.8
B- 2 33 0 0 2 2
Marital
status
Married 6 9.8 8 20 14 139 0.14

Un-married 55 90.2 32 80 87 86.1

n= number, SD= standard deviation, P= probability value, 1gG=
Immunoglobulin G antibody
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B= beta regression coefficient, OR= Odd ratio, P= probability value, Cl=
Confidence intervals

3.2 Association between thyroid function
hormones and T. gondii seropositivity
Independent sample t-test analysis revealed a
highly significant elevation in T4 levels in IgG
seropositive compared to 1gG seronegative groups
(p=0.001); however, the T4 levels remained
within the normal range. 1gG seropositive patients
also showed a statistically significant elevation in
T3 levels (P=0.02); however, the T3 levels were
within the normal range. Finally, no significant
change was observed in TSH levels in either
group (P=0.9) (Table 3, Figure 1).

The association between the thyroid
hormones and anti-Toxoplasma IgG antibody was
evaluated by Pearson’s correlation (Bivariate
analysis). A statistically significant increasing
trend was observed between T4 levels and anti-
Toxoplasma IgG antibody levels (r= 0.63,p=
0.01) (Figure 2.A).

Conversely, a non-significant negative association
was seen between TSH levels and anti-
Toxoplasma IgG antibody levels (r= -0.07,p =
0.54) (Figure 2C). Finally, T3 levels were
positively but non-significantly associated with
anti-Toxoplasma IgG  antibody levels (r=
0.11, p = 0.30) (Figure 2B).
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Table 3 Serum level distribution of T4, T3, and TSH levels in both 1gG seronegative and 1gG seropositive group, with their mean
+ standard deviation.

1gG 1gG
Hormones _Seronegative seropositive P Referenc_e-
Mean+SD  MeantsD  value  range (Kit)
T4 pg/di 70+17 102+26 0001 4.6-126
T3 ng/ml 11+04 19+£05 0.02 05-22
TSHmIU/I 27114 2719 0.9 0.4-5.3
18 0
2.5 * 6
15 *
20
= B — =
2 £ S 4
g 2 s £
»3 10 ﬂ — — —_——— —_—— é ]
] <+ — - = — — 1.0 .
5
5
0 0
(A) 1gG negative 1gG positive (B) 19G negative 1gG positive (C) 1gG negative 1gG positive

Figure 1 Box plots represent the serum levels of (A) T4, (B) T3, and (C) TSH in both 1gG seropositive and IgG seronegative
group. The blue dashed line represents the threshold value. The black line in the center of the box represents the mean value,

while the asterisks represent the outliers.
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Figure 2 Scatter plots illustrate the association between (A) Toxoplasma IgG antibodies and T4 levels, (B) Toxoplasma IgG
antibodies and T3 levels, and (C) Toxoplasma IgG antibodies and TSH levels. The red line represents the trend line for the

association.
4. DISCUSSION

4.1 Association between chronic toxoplasmosis
and Socio-demographic features

The main objective of this research was to
examine whether or not there is a correlation
between chronic toxoplasmosis and thyroid
hormone levels in the sera of people diagnosed
with schizophrenia. As far as we are concerned,
this might be the first study of its kind in the
Kurdistan region of Iraq to study the relationship
between thyroid hormones, thyroid stimulating

hormone, and chronic toxoplasmosis in
individuals with schizophrenia.

Toxoplasma seroprevalence was high
among schizophrenic patients, considering the
small sample size of the study, 40/101 (39.6%)
tested positive for toxoplasmosis. Our results are
in line with those of Bakre et al. (2015) in Erbil,
Omer (2022) in Sulaymaniyah, AL-Maamuri et al.
(2014) in Baghdad. They reported Toxoplasma
seropositivity rates of 32.3%, 62%, and 79.7%,
respectively.
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There are several factors that could have
contributed to this high levels of Toxoplasma
seroprevalence, such as, poor hygienic practice,
drinking water source (tape water), and the
presence of stray cats in and around the hospitals.
In the present study, Toxoplasma seropositivity
had no association with gender. Our result is in
line with those of Daryani et al. (2014) in Iran,
and Yuksel et al. (2010) in Turkey. On the
contrary, Al-Hassnawi and his coworkers in Iraq
reported a higher toxoplasmosis rate in females
(31%) than in male (23%) schizophrenic patients
(Al-Hassnawi et al.,, 2015). Furthermore, in
Mexico , a higher toxoplasmosis rate was
observed only in male schizophrenic individuals
than in healthy controls (p=0.008) (Alvarado-
Esquivel et al., 2019). The lack of a statistically
significant correlation between gender and
toxoplasmosis in this study could be attributed to
the skewed gender distribution of the study
population (most participants were male), or it
could be due to factors such as physical activities,
cleanliness, and immunity of each individual.

We observed a statistically significant
association between toxoplasmosis and patients
aged between 50-60 years old. In agreement with
our findings, Yuksel et al. (2010) reported a
significantly  higher toxoplasmosis rate in
schizophrenic patients who were 51 - 65 years of
age in comparison to the uninfected group. In
addition, in a meta-analysis and a comprehensive
study conducted in Iran, Daryani and his
coworkers reported a significant linear trend of
increasing Toxoplasma seropositivity with age (p
< 0.001) (Daryani et al., 2014). Conversely, Omar
et al. (2015) and Khademvatan et al. (2014) found
a non-significant link between toxoplasmosis and
age. We hypothesize that older people are more
susceptible to infection than the young; they are
more susceptible to one of the risk factors or
transmission pathways because their immune
system declines over time. In addition, Omar et al.
(2015) and Bouscaren et al. (2018) agree with our
hypothesis.

Data analysis showed non-significant
association between Toxoplasmosis seropositivity
and the ABO blood group. Our findings are in
agreement with those of Rodrigues et al. (2011)
and Esshili et al. (2016). In contrary, Neamah &
Abdullah, (2021) discovered that T. gondii has a
significant correlation with patients with B
positive blood type. They hypothesized that blood
type B has two chains of carbohydrates, which
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may play an essential part in the parasite’s
adherence to the mucosa layer of the
gastrointestinal tract.

4.2 Association between thyroid function
hormones chronic toxoplasmosis

In the present study, we found no significant link
between chronic toxoplasmosis and TSH levels. In
agreement with our results, Mendy et al. (2015)
studied 4485 schizophrenic patients, and they
observed normal TSH levels in T. gondii infected
and healthy schizophrenic patients.

On the other hand, Shaker et al., (2019)
reported higher levels of TSH in the sera of Iraqi
depressed women who were infected with
toxoplasmosis than in the sera of healthy controls.
The authors suggested that this elevation in TSH
level may be related to autoantibodies to the
thyroid-stimulating hormone respecter antibodies
(TSHR-AD), that bind to TSH-receptors in the
thyroid gland, and result in elevated TSH levels in
the blood. This non-significant association
between Toxoplasma and TSH levels in our study
could be interpreted as follow; it might be due to
the fact that all of the participant of this study used
anti-psychotic medications, namely Risperidone
and Olanzapine, and these medications have been
proven to interfere with TSH production and
inhibit the parasite replication (Fond et al., 2014;
Vedal et al., 2018). Or, it can simply be due to the
failure of T. gondii to reach the hypothalamus in
the brain to induce any alteration in TSH levels.

Regarding the association between chronic
toxoplasmosis and thyroid hormones (T4 and T3),
a significant increase in both hormones was
recorded in IgG seropositive group only; however,
both hormones remained in the normal range. In
consistence with our results, Shaker et al. (2019)
in Irag recorded a significant increase in both
hormones in depressed women infected with
toxoplasmosis (8.03 + 0.36, 2.79 + 0.14) than in
healthy controls (5.22 + 0.47, 2.25 + 0.14);
however, the levels of the two hormones stayed
within the normal range.

On the contrary, Raissi et al. (2021)
reported no significant difference in T4 or T3
levels between hypothyroid, hyperthyroid, and
healthy control groups in regards to toxoplasmosis
(P>0.05). Finally, we observed Toxoplasma 1gG
was positively correlated with T4 levels but not
with T3 levels. On the other hand, Al-Kurdy and
his coworkers, found no significant association
between thyroid hormones and Toxoplasma
seropositivity in non-pregnant Iragi women (Al-



Kurdy et al., 2015). We suggest, the parasite
might have directly or indirectly caused an
elevation in thyroid hormone levels. Our results
put further weight on the hypothesis that suggests
T. gondii disrupts the thyroid hormone levels and
cause behavioral alteration or mental illnesses.

5. CONCLUSION

We conclude that Toxoplasma seropositivity is
high among schizophrenic patients and it increases
with age. Additionally, Toxoplasma seropositivity
had led to a significant increase in T4 and T3
levels in the serum of schizophrenic patients.
Therefore, treatment and screening measures for
toxoplasmosis  should be prioritized for
individuals with schizophrenia.
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