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Globally, the elderly population in the world is increas-
ing day by day, and the number of older persons aged 

over 60 years is expected to more than 2 billion in 2050.[1] 
Dementia appearing commonly in the elderly population 
and affecting their quality of life will become even more 
important. Therefore, Alzheimer’s disease (AD) being the 
most common cause of dementia among older people will 
be threat awaiting the humanity in the future. AD being an 
irreversible, progressive brain disease is characterized by 

the loss of cognitive functioning, behavioral abilities and 
the impairment of the person’s daily life and activities.[2] Al-
though scientists have investigated what causes Alzheim-
er’s disease for years, its etiology is still unclear. Until now, 
the relationship between various infectious species and AD 
have been investigated in many studies.[3]

Toxoplasma gondii is a neurotropic protozoan and it re-
mains as dormant in the form of tissue cysts in preferably 
brain and muscle.[4,5] In the neuropathologic studies, it has 
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been emerged various theoretical models explaining the 
pathogenic mechanism of Toxoplasma infection in the 
brain. These theories were that T. gondii could affect the 
neurons, glial cells, astrocytes, could lead the abnormal 
synthesis of the neurotransmitter, could cause neuroin-
flammation, and could alter host behavior.[5,6]

It has been known that cerebral toxoplasmosis could lead 
to dementia in AIDS and immunocompromised patients.
[7] It was reported that two forms of T. gondii, bradyzoites 
and sporozoites, accumulate large amounts of crystalline 
storage polysaccharide granules analogou to amylopectin 
in the cytoplasm. So, this parasite may be partly respon-
sible for producing of β-amyloid senile plaques.[8] Based 
on these reports, this current study aimed to investigate 
whether any relation between T. gondii and AD.

Methods

Study Population
This prospective case-control study included 44 patients 
with the probable AD admitted to Mental Health Hospi-
tal in Elazig, Turkey between September 2013-December 
2014. The clinical diagnosis was established according to 
the National Institute of Neurological and Communicative 
Disorder and Stroke and the Alzheimer’s Disease and Re-
lated Disorders Association criteria. The Mini–Mental State 
Examination test was used to evaluate general cognitive 
functions. The patients who have histories of meningitis, 
encephalitis, head trauma, brain surgery, immunodeficien-
cy disease, substance abuse, alcoholism and mental retar-
dation were excluded from the study. The healthy group 
consisted of 30 healthy individuals. All individuals had no 
the history of psychiatric disease. The patient and healthy 
groups were matched by sex, age, dietary habits (drink-
ing or eating uncooked/undercooked eggs, meat, or milk) 
and socioeconomic status. This study was evaluated and 
approved by the Firat University Ethical Committee (Refer-
ence number:24/03/05.09.2013).

Serological Analysis
The sera samples taken from all individuals were stored at 
-200C for serological examination. The detection of T. gondii 
IgG was performed by the commercial enzyme-linked im-
munosorbent assay (ELISA) kit (Vircell, Granada, Spain) on 
the Triturus® system (Grıfols, Parets del Valles, Spain).

Statistical Analysis
SSPS 21 (SPSS Inc, Chicago, IL, USA) was used for statistical 
analyses. The normality of distributions of variables was ex-
amined by the histograms and Kolmogorov-Simirnov test. 
The independent Student’s t-test was used for comparisons 

of the variables in different groups. The Chi-square test was 
used to compare the nominal values between the groups. 
p<0.05 was considered as a significant result.

Results
The present study consisted of 44 patients with the prob-
able AD with 25 male and 19 female, and 30 healthy indi-
viduals with 19 male and 11 female. The mean age of the 
patients was 78.18±8.95 years, and the control group was 
74.33±7.89 years. It was not found statistically significant 
difference in age and gender between patients and healthy 
individuals (p=0.06 and p=0.58, respectively).

T. gondii IgG in 31 of 44 patients with the probable AD was 
positive and the seropositivity rate in the patients with 
the probable AD was 71%. T. gondii IgG in 20 of 30 healthy 
individuals was positive and the seropositivity rate in the 
healthy control group was found 67% (Fig. 1). It was sta-
tistically no difference in T. gondii IgG antibody positivity 
between the AD and healthy control group (p=0.73).

Discussion
T. gondii, an intracellular protozoan parasite, infects humans 
through the ingestion of oocysts containing sporozoites and 
tissue cysts containing bradyzoites or congenital infection 
with rapidly replicating tachyzoites.[5] After ingesting oo-
cysts and cysts, released sporozoites and bradyzoites attack 
intestinal cells and convert to tachyzoites.[9] The tachyzoites, 
actively proliferating, are generally seen in several tissues 
in the acute phases of the infection. After the tachyzoites 
disappear within weeks or months, remaining bradyzoites 
within tissue cysts appear in several tissues, preferably in 
the host muscle and brain.[10] The tissue cysts maintain their 
presence in various tissues throughout the life of the host. If 
the immunosuppression in the host develops, reactivation 
of the infection may occur.[11] Upon entry to the central ner-
vous system, tachyzoites infect astrocytes, neurons, and mi-

Figure 1. T. gondii IgG antibodies in the patients with the probable 
Alzheimer’s Disease and healthy control.
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croglia cells, possibly with different affinities. Once a chronic 
infection develops, the parasite is predominantly found 
in the bradyzoite form within the brain. Microscopic stud-
ies have showed that cysts were located throughout the 
brain, especially concentrated in the cerebral cortex, basal 
ganglia, hippocampus and amygdala.[12] Due to T. gondii is 
a protozoan characterized by neurotropism and associated 
with congenital brain dysfunction, the studies investigat-
ing a possible association between T. gondii and behavioral 
changes or neuropsychiatric diseases arouse interest. The 
role of T. gondii as an etiological agent of Parkinson’s disease 
and other neurodegenerative disorders has been discussed 
in various studies, while exposure to T. gondii has been 
claimed as a risk factor for the development of schizophre-
nia.[6,13] Recently, new hypotheses reflecting the association 
of T. gondii and Alzheimer’s disease have emerged.

In a study conducted on 34 individuals with AD and 37 
healthy volunteers in Turkey, Toxoplasma IgG in 44.1% of 
patients with AD and 24.3% of healthy individuals were 
positive. It was reported that the rate of T. gondii IgG posi-
tivity in the patients with AD was statistically greater than 
the healthy group. In the study, it was suggested that T. 
gondii infection may be a part of pathogenetic mechanisms 
responsible for AD.[14] In contrast, in an animal study was re-
ported that the immunosuppression induced by T. gondii 
infection showed beneficial effects on the pathogenesis 
and progression of AD in mice.[15] A study conducted on 75 
patients with AD and 75 healthy volunteers, it was found 
that 61.3% of patients with AD and 62.6% of healthy indi-
viduals had positive for Toxoplasma IgG. The study found 
no difference in seropositivity between patients and con-
trols.[16] In another study conducted with the aim of investi-
gating Toxoplasma IgG antibody titers in 105 patients with 
AD and 114 healthy individuals, it was no relation between 
latent toxoplasmosis and AD.[17] This present study showed 
the rates of T. gondii IgG positivity were 71% in the patients 
with the probable AD and 67% in the healthy controls. As 
similar with the last studies, this study also found no rela-
tion between latent toxoplasmosis and AD.

Recently, it has been claimed that the genotype of the 
parasite was a risk factor for psychosis. The researchers 
found that the offspring of mothers with type І infection 
compared with the unaffected control mothers had a sig-
nificantly increased risk for the development of psychosis.
[18] Strains of T. gondii have three major genotypes, which 
are types I, II, and III. Type I strain is predominantly isolated 
from outbreaks of acute toxoplasmosis, which could cause 
severe ocular disease. Type II strain is frequently isolated 
from patients with acquired immune deficiency syndrome, 
congenital infections and immunocompromised individu-
als with toxoplasma encephalitis. As a result, the parasite 

genotype may be the association with different clinical 
outcomes. Additionally, in animal models have been shown 
that the parasite genotype has effects over the immune 
responses of infected hosts and cells.[19] Based on these 
reports, a combination of T. gondii infection with genetic 
background or some other risk factors (e.g., aging, or cere-
brovascular changes) may contribute to pathophysiology 
and pathogenesis of the neurodegenerative diseases.

There were some limitations in the study: First, the sample 
size was small. Second, there was not an information about 
the time first exposed to toxoplasmosis. Lastly, it could not 
be analyzed the genotypes of the strains of T. gondii.

Conclusion
T. gondii antibody seroprevalence was found similar in the 
patient and healthy control groups. This study showed that 
there was not the association between toxoplasmosis and 
AD. Thus T. gondii infection could not be considered as a 
risk factor for the development of AD.
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