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A B S T R A C T

We investigated the possible association between Parkinson's disease (PD), the second most common neurode-
generative disorder and Toxoplasma gondii infection, the most common neurotropic protozoan parasitic infec-
tion, using serological and molecular techniques. One hundred and fifteen patients with confirmed PD and 115
healthy subjects in the same age and sex distribution were enrolled in this study. Blood samples were taken from
each participant and the sera was screened for anti-Toxoplasma antibodies (IgG and IgM). PCR assay was per-
formed in duplicate using the primer pair targeting the B1 gene of Toxoplasma. Amplicons were directly se-
quenced to conduct the phylogenetic analysis. The prevalence of Toxoplasma infection based on IgG titer was
53% in case and 55.6% in the control groups, revealing no statistically significant association between
Toxoplasma seropositivity and PD (OR = 0.90; 95% CI = 0.54–1.51; P= 0.691). According to PCR assay, the
prevalence of Toxoplasma infections was 19.3% in the case and 10.4% in control groups which the difference was
statistically significant (OR = 3.02; 95% CI = 1.46–6.27; P= 0.002). Multiple sequence alignment of
Toxoplasma gondii isolates manifested a common haplotype by the identity: 93.6–100% and divergence: 0–6.7%.
We concluded that T. gondii infection not only could not be a risk factor to PD, but even it could be concluded
that patients with PD are in more risk to acquisition of infection. These results provide fresh insights into the
ambiguous association between T. gondii infection and PD.

1. Introduction

Parkinson’s disease (PD) is the second most common cause of neu-
rological disorder. This long term disorder of the central nervous system
mainly affects the motor system (Kalia and Lang, 2015). The main cause
for PD is generally unknown, but scientists believe that causes may
include both environmental and genetic factors. In 2013, PD was pre-
sent in 53 million people and resulted in about 103,000 deaths globally
(Vos et al., 2015). PD is typically associated with lower levels of do-
pamine resulted from slow and gradual degradation of dopaminergic
neurons especially in the substantianigra and/or the basal nuclei (Kalia
and Lang, 2015).

Toxoplasma gondii is a neurotropic protozoan of the phylum

Apicomplexa. Toxoplasmosis is probably the most common parasitic
infection in humans and all warm-blooded animals (Rostami et al.,
2014; Shiadeh et al., 2016a). Sero-epidemiological evidences showed
that one third of the world population is infected with this parasite
(Fallahi et al., 2015; Rostami et al., 2016). T. gondii infects humans in
three different ways: digested tissue cysts, oocytes consumption, and
congenital infection with tachyzoites. After acquiring infection, tachy-
zoites proliferate in various cell types of the organs during the acute
phase (Arab-Mazar et al., 2016; Rostami et al., 2016). Cystic form of
parasite can affect almost any part of the body including brain (Konradt
et al., 2016; Shiadeh et al., 2016a). Dormant form of T. gondii is often
found in nervous and muscular tissues of infected host. Tissue cysts
containing bradyzoites may spontaneously rupture; the parasites are
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released and result in an increase in antibody titer. The parasite stabi-
lity in the nervous system is probably due to antibodies difficult access
to the nerve cells in the brain (Konradt et al., 2016). Several recent
studies have demonstrated that latent toxoplasmosis is associated with
neuropsychiatric disorders such as schizophrenia, PD, suicide, bipolar
disorder, obsessive compulsive disorder and anxiety (McConkey et al.,
2013; Miman et al., 2010; Ramezani et al., 2016; Shiadeh et al., 2016b;
Sutterland et al., 2015). There are some evidences that T. gondii affects
the dopamine and other neurotransmitters in rodents and humans
(Gaskell et al., 2009; Prandovszky et al., 2011; Xiao et al., 2014). The
aromatic amino acid, hydroxylases in T. gondii genome could directly
affect the biosynthesis of dopamine and/or serotonin. Dopamine im-
balance in the brains of infected patients can be associated with the
missing link between toxoplasmosis and mental disorders (Wang et al.,
2015). The possible link between T. gondii infection and PD has been
mainly limited in the serology testing of Toxoplasma-specific antibodies.
Therefore, the present study aimed to investigate the possible associa-
tion between the Toxoplasma infection and PD using both serological
and molecular techniques.

2. Materials and methods

2.1. Study population and sample collection

In this case-control study, the participants included 115 PD patients
with a mean age of 75.2 ± 13.1 years, who were selected under su-
pervision of a neurology consultant during a six-month period in Imam
Reza Psychiatric hospital of Khorramabad, Iran. The control group
consisted of 115 healthy subjects with a mean age of 74.1 ± 14.4
years. The clinical status of patients and stage of PD were determined
by the neurology consultant. Based on the neurology consultant con-
sideration, laboratory examination and documents, the control group
subjects did not have any mental and neuronal problems. The case and
control groups were matched for variables of age, sex and place of re-
sidence. All participants signed a consent form and completed a stan-
dardized clinical questionnaire that asked for demographic character-
istics and information concerning symptoms related to PD. All
procedures performed in this study were in accordance with the ethical
standards of the institutional and/or national research committee and
with the 1964 Declaration of Helsinki and its later amendments or
comparable ethical standards. Ethical approval was received from
ethical committee of Lorestan University of Medical Sciences
(2015.2.1/200.31.12).

About 5 ml of whole blood samples were taken from each partici-
pant with and without EDTA. The samples were transferred to the la-
boratory under the cold chain conditions. Blood samples were allowed
to clot and centrifuged at 3500 × g for 5 min. Buffy coat layer was also
extracted from the blood samples by washing and centrifuge with dis-
tilled water. The separated sera and buffy coats were stored at −20 °C
until use.

2.2. Serological assessments

Serum samples were screened for anti-Toxoplasma IgG and IgM
antibodies using a commercially available enzyme-linked im-
munosorbent assay (ELISA) kits (Pishtazteb Co, Iran) according to the
manufacturer's instructions. Therewith the results were evaluated semi-
quantitatively by calculating a ratio of the extinction value of the
control or patient samples over the extinction value of the calibrator.
The extinction value of calibrator defined the upper limit of the re-
ference range of non-infected persons (Cut-off).

2.3. Molecular evaluation

The genomic DNA was extracted from buffy coat samples using the
DNG-Plus DNA extraction kit (DNG-Plus™, DN8118C, Cinnaclon Co,

Iran), as described previously (Fallahi et al., 2015). Genomic DNA ex-
tracted from the T. gondii tachyzoites standard RH-strain was used as
the positive control. The concentration and quality of the DNA were
determined using a Nano-spectrophotometer (WPA-Biowave ΙΙ, Eng-
land). Moreover, a no-template PCR negative control was used for each
reaction.

PCR assay was performed in duplicate using the primer pair of
TOXO1 (5′ GGAACTGCATCCGTTCATGAG 3′) and TOXO2 (5′
TCTTTAAAGCGTTCG TGGTC 3′) targeting the 35-fold-repetitive B1
gene of T. gondii, as described previously (Fallahi et al., 2015). The PCR
products were electrophoresed in a 2% TAE (Tris-acetate-EDTA)
agarose gel and stained with ethidium bromide solution (1 μg/mL). The
PCR amplification is expected to yield a 194 bp product for B1 positive
reaction. The specificity of primers for the T. gondii detection was
confirmed by sequencing the purified PCR product. Purification of the
PCR products was performed by a DNA extraction kit from agarose gel
(Fermentas, Vilnius, Lithuania), according to the manufacturer's in-
structions. Purified PCR products were sequenced using an ABI 377
automated DNA sequence (using Big Dye Terminator Chemistry) em-
ploying the same primers as used in the PCR. The sequences were
aligned with the target one using the Basic Local Alignment Search
Tool. The distance matrix (percent identity and divergence) among
sequenced isolates and the other isolates of countries were constructed
by using the MegAlign program from Laser Gene Bio Computing Soft-
ware Package (DNASTAR, Madison, WI). In order to demonstrate the
status of analyzed sequences, the phylogenetic tree was constructed
based on maximum likelihood algorithm with kimura 2-parameter
model inferred by MEGA5.05 software. The accuracy of phylogenetic
tree was evaluated by 1000 bootstrap re-sampling. Hammondia ham-
mondi (Accession no., XM_008885533) was considered as an out-group
branch.

2.4. Statistical analysis

In the present study the data analysis was performed using SPSS 18
software (SPSS, Chicago, IL, USA). The Multivariate logistic regression,
Chi-square and Fisher's exact tests were used to analyze the data.
Associations were tested using odds ratios (OR) and 95% confidence
intervals (CI) after adjustments. A P value of< 0.05 was considered
statistically significant for differences.

3. Results

The overall seroprevalence of toxoplasmosis among participants
was 54.3% (125/230). T. gondii seroprevalence according to socio-
demographic characteristics is presented in Table 1. The prevalence of
T. gondii infection based on IgG antibody titer was 53% (61/115) in
case and 55.6% (64/115) in the control group, revealing no statistically
significant association between T. gondii seropositivity and meeting
criteria for PD (OR = 0.90; 95% CI = 0.54–1.51; P = 0.691). The IgM
seropositivity was 2.6% (3/115) and 0.8% (1/115) in case and control
groups, respectively (OR = 3.02; 95% CI = 0.31–29.80; P = 0.621).
According to PCR assays with 35-repeated B1 genomic target (Fig. 1),
the prevalence of T. gondii infection was 19.3% (30/115) in patients
with PD and 10.4% (12/115) in the healthy control subjects, suggesting
a significant statistically difference between the case and control groups
(OR = 3.02; 95% CI = 1.46–6.27; P = 0.002). Multiple sequence
alignment of the purified PCR products revealed that the obtained
partial sequences were identical to the corresponding B1 gene se-
quences of Toxoplasma reported in GenBank database (common hap-
lotype; Accession number; AF179871). The percent identity (93.6-
100%) and divergence (0–6.7%) among current identified T. gondii
isolates (Park1*–Park 4*) and sequences from Slovakia, Brazil, India
and Southwest of Iran are given in Fig. 2. Phylogenetic analyses dis-
closed that the status and topology of identified T. gondii isolates (Park
1*–Park 4*) with bootstrap values higher than 70% were supported in
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their specific complex (Fig. 3).

4. Discussion

Approximately 1% of the world’s populations are affected by PD at
their sixties (Kalia and Lang, 2015). Despite decades of investigations,
the main cause of PD remains unknown and it is believed that the PD
arises from an interaction between genetic and environmental factors
that result in progressive degeneration of neurons in some parts of the
brain (Pringsheim et al., 2014). Although several epidemiological and
casual studies have shown the relationship between the T. gondii in-
fection and increased risk of schizophrenia (Sutterland et al., 2015;
Torrey et al., 2012), but the possible link between T. gondii infection
and PD is controversial.

There are few studies which have examined the relationship be-
tween T. gondii infection and PD. Although significant differences in

seropositivity between patients with PD and healthy controls
(P = 0.006) was reported by Miman et al. (2010), two subsequent
studies by Çelik et al. (2010) and Oskouei et al. (2014) did not found
significant differences between case and control groups. Moreover, a
recent published study showed a significant difference between PD
patients and healthy controls, suggesting a significant relationship be-
tween T. gondii infection and induce of PD (P= 0.01) (Ramezani et al.,
2016).

In the present case control study, the aim was to examine the
probable correlation between T. gondii infection and PD. Our results
revealed that there is a significant difference in prevalence of T. gondii
infection according to PCR method between case and control groups,
although a significant difference was not observed in serological tests.
Our results suggest there may be an inverse relationship between pre-
sence of T. gondii infection and PD. In fact, patients with PD have
heightened risks to acquisition of T. gondii infection. It could be due to

Table 1
Sociodemographic and Toxoplasma gondii serostatus of patients with Parkinson disease and controls.

Characteristic Seroposivity (IgG+)
N (%) in cases (n = 115)

Seroposivity (IgG+)
N (%) in controls (n = 115)

OR (95% CI) (p value)

Age, mean (sd)
Age
Under 60 5 (4.3) 9 (7.8) 1 0.845
60–70 15 (13.0) 12 (10.4) 2.25 (0.59, 8.52)
71–80 15 (13.0) 17 (14.8) 1.59 (0.43, 5.80)
81–90 18 (15.7) 19 (16.5) 1.71 (0.48, 6.07)
Above 90 8 (7.0) 7 (6.1) 2.06 (0.46, 9.14)

Education
Illiterate 5 (4.3) 4 (3.5) 1 0.991
Primary school 28 (24.3) 31 (27.0) 0.72 (0.18, 2.96)
High school 16 (13.9) 17 (14.8) 0.75 (0.17, 3.31)
College and above 12 (10.4) 12 (10.4) 0.80 (0.17,3.72)

Gender
Male 29 (25.2) 28 (24.3) 1 0.670
Female 32 (27.8) 36 (31.3) 0.86 (0.42,1.74)

Contact with cat
Yes 11 (9.5) 15 (13.0) 0.72 (0.30,1.72)
No 50 (43.5) 49 (42.6) 1 0.457

Contact with soil
Yes 18 (15.7) 16 (13.9) 1.26 (0.57, 2.76)
No 43 (37.4) 48 (41.7) 1 0.571

Residence
Rural 20 (17.4) 26 (22.6) 0.71 (0.34,1.48)
Urban 41 (35.7) 38 (33.0) 1 0.363

Nutrition
Meat 6 (5.2) 7 (6.1) 1 0.712
Vegetable 1 (0.8) 3 (2.6) 0.39 (0.03, 4.80)
Mixed 54 (47.0) 54 (47.0) 1.17 (0.37,3.70)

Water supply
Untreated 6 (5.2) 2 (1.7) 3.38 (0.66,17.45)
Treated 55 (47.8) 62 (53.9) 1 0.157

Eating liver
Yes 57 (49.6) 59 (51.3) 1.21 (0.31, 4.73)
No 4 (3.5) 5 (4.3) 1 1

Fig 1. PCR analysis of randomly selected samples from patients with PD.
M, 100 bp molecular-weight marker; P, positive control; N, negative
control; lanes 1–10, randomly selected samples from patients with
memory loss.
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the less personal and food hygiene by these patients. Moreover, higher
prevalence of active infection (performed by PCR) in PD patients in our
study could not be considered as a risk for PD, because PD is a long term
disorder of the central nervous system, and also neurological adverse of
T. gondii infection are related to chronic stages not acute infection.
Moreover, PCR results indicated that a relatively high number of cases
(19.3%) and controls (10.4%) harbor circulating DNA of T. gondii. This
could be explained by high rate of T. gondii infection in this area, as
similar result was observed in patients with Alzheimer and relevant
controls (Rashno et al., 2017). Another explanation could be good
sensitivity of PCR to detect the circulating DNA in people with chronic
toxoplasmosis (Silveira et al., 2011).

T. gondii tachyzoites have a tendency to form tissue cysts in the
brain, especially in the amygdala, olfactory bulbs, hippocampus, cor-
tical regions and hypothalamus and could actively inhibits neuronal
function in chronically infected mice (Berenreiterová et al., 2011;
Haroon et al., 2012). Degradation of dopamine-producing nerve cells
and neurogenic inflammation induced by T. gondii infection is men-
tioned as etiology that could eventually lead to PD by Miman et al.
(2010) and Ramezani et al. (2016). But recent etiological studies have
shown that T. gondii infection has been associated with higher levels of
dopamine in the brain and its cysts also result in higher levels of

dopamine. Moreover, some intriguing findings suggested that two genes
encoding tyrosine and phenylalanine hydroxylases in T. gondii that
produce L-DOPA (the precursor to dopamine), may directly affect the
neuropsychiatric disorders in infected hosts (McConkey et al., 2013;
Wang et al., 2015; Xiao et al., 2014). In line with these findings, a study
conducted by Prandovszky et al. (2011) showed that cyst-containing
brains of T. gondii-infected mice had high concentrations of dopamine
and tyrosine hydroxylase. While this mechanism could explain the as-
sociation between T. gondii infection and schizophrenia, it would not
explain an association with PD that is typically associated with lower
levels of dopamine, especially in the basal nuclei. In this study, no new
haplotype was found among the analyzed sequences of B1 gene. This
might be due to small effective sample size, to be conserved the nature
of B1 gene or the short length of amplified B1 gene (194 bp).

The results obtained from the present study revealed that not only T.
gondii infection could not be considered as a risk factor to PD, but even
it could be concluded that patients with PD are at higher risk for T.
gondii infection. These results strongly suggest the need for further in-
vestigations to better understanding the link between the T. gondii in-
fection and neurological and/or psychiatric outcomes including its
possible contribution to PD.

Fig. 2. The pairwise distances (percent identity and divergence) of identified T. gondii isolates (Park 1*–Park 4*) and selected sequences circulating globally from GenBank database
inferred by B1 gene.

Fig. 3. The constructed phylogenetic tree indicating the taxonomic status of the identified T. gondii isolates (Park 1*–Park 4*) based on B1gene sequences. The bootstrap values higher
than 70% were supported the topology of constructed tree. Hammondia hammondi (Accession no., XM_008885533) was considered as an out-group branch.
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