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Abstract The neurotropic pathogen Toxoplasma gondii in-
fects about one third of human population. For a long time,
it is well known that both acute and latent (life-long) forms of
toxoplasmosis are associated with specific neurologic and
neuropsychiatric symptoms. Here, the possible effects of la-
tent toxoplasmosis on neurological and psychiatric disorders
are surveyed and some general methodological problems of
corresponding studies are discussed.
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Parasite infection

Introduction

Toxoplasma gondii is a protozoan parasite related to
Plasmodium. Asexual reproduction of Toxoplasma can be ac-
complished in any warm-blooded animal, bird, or mammal,
but sexual reproduction can occur only in its definitive host,
i.e., any species of the feline family. The products of sexual
reproduction, hundreds of millions highly resistant oocysts in
feces of an infected cat, can survive in humid soil for more
than a year. They can also accumulate in paratenic hosts, for
example, in invertebrate animals filtrating sea water (oysters,
etc.). The products of asexual reproduction in warm-blooded
intermediate hosts are the rapidly dividing tachyzoites in the

first stage of an infection and the slowly dividing bradyzoites
contained in the so called Btissue cysts^ in later stages of the
infection. Tissue cysts wait in a parasitophorous vacuole of
transformed cells within the intermediate host for a predator or
an omnivore that eats up the intermediate host. Depending on
the type of predator, either sexual (in a cat) or asexual (in other
species) cycle of reproduction will start first in intestinal cells
of the host and then in many other types of host cells. For the
biology of Toxoplasma, see [1, 2].

Toxoplasma is a very successful parasite. For example, it
infects probably one third of human population of both devel-
oping and developed countries. The prevalence of infection,
toxoplasmosis, decreases in young age strata in North Amer-
ica and in many European countries. However, this decrease is
probably more than compensated for by the increase of prev-
alence in China and other heavily populated Asian countries
[3]. The most important routes of infection are contact with
soil contaminated with oocytes, eating unwashed vegetables,
or drinking contaminated water and eating raw or
undercooked meat containing tissue cysts. Toxoplasmosis
can additionally be transmitted with transplanted organs and
probably also during unprotected sex of an infected man with
a non-infected women [4].

Toxoplasma is an intracellular parasite which can actively
enter any nucleated cell in the body. It disseminates through
the host body with infected mobile cells, such as dendritic
cells and monocytes. Using this Trojan horse strategy, it can
even enter immunoprivileged organs, testes, the eyes, and es-
pecially the brain. Here, it infects many types of cells, includ-
ing neurons, Purkinje cells, and microglial cells [2].
Bradyzoites slowly divide within cysts formed in the
parasitophorous vacuole for the rest of the host’s life and
probably elicit no inflammatory response. Spontaneously or
in response to various external stimuli, such as viral infections,
some cysts can rupture. Some bradyzoites transform to
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tachyzoites and infect new cells, and some others are ingested
by mononuclear cells and induce an inflammatory response
[5]. Many neurological symptoms of latent toxoplasmosis,
such as headaches, are probably manifestations of inflamma-
tory processes in the brain triggered by ruptures of
Toxoplasma cysts [6].

Toxoplasmosis is kept in its latent stage by the host’s im-
mune system. In immunocompromised individuals, e.g.,
AIDS patients or patients after transplantation or under anti-
cancer therapy, latent toxoplasmosis transforms into its active
form. If untreated, the active form usually results in toxoplas-
mic encephalitis, which often lead to death of the host [7–9].
The combination of sulfadiazine and pyrimethamine supple-
mented with fol inic acid (for protect ion against
demyelinization) or clindamycin with pyrimethamine is used
for effective treatment of acute toxoplasmosis or for its pre-
vention in immunocompromised subjects [7]. However, no
effective method of elimination of the parasites contained in
tissue cysts and therefore final treatment of latent toxoplasmo-
sis is presently available. There are some indications, howev-
er, that either certain antimalarials, such as atovaquone
[10–12], or antipsychotics, reviewed in Table 5 of [6], can
inhibit growth or even kill bradyzoites in tissue cysts.

In contrast to acute and congenital toxoplasmosis, latent
toxoplasmosis was considered harmless or even asymptomat-
ic for a very long time. It was supposed that unsterile immu-
nity accompanying the latent infection represents a useful pro-
tection for women against infection in pregnancy and there-
fore against serious health consequences of congenital toxo-
plasmosis. New data, however, clearly show that latent toxo-
plasmosis is neither asymptomatic nor harmless. The earlier
anecdotal observations of increased incidence of various dis-
orders in subjects with latent toxoplasmosis have been con-
firmed by ecological as well as case-control studies performed
in patients and recently also in a cohort of nonclinical subjects.
Individuals with positive results of serological tests for latent
toxoplasmosis, i.e., those with moderate levels of (high-
affinity) IgG and low or undetectable concentrations of IgA
and IgM anti-Toxoplasma antibodies, have been shown to
express higher probability of suffering from gastrointestinal,
endocrinological and metabolic (including diabetes), fertility,
immunological, and especially neuropsychiatric disturbances;
for a review, see [13••].

Association of Toxoplasmosis With Mental Health
Disorders

Subjects with various neuropsychiatric disturbances, namely
schizophrenia (SCH), bipolar disorder (BD), obsessive com-
pulsive disorder (OCD), unipolar depression (UD), drug
abuse disorder (DAD), suicides, homicides, generalized anx-
iety and panic disorders (AD), personality disorders (PD), and

mood disturbances, have been reported to be more often in-
fected with Toxoplasma than normal controls (Table 1).

Schizophrenia The association of toxoplasmosis with mental
health disorders has been reported already in the middle of the
past century [24]. It was observed that acute toxoplasmosis
sometimes reminds mental disorders, being accompanied by
positive psychiatric symptoms, like hallucinations and delu-
sions. Based on this, serological surveys were performed in
psychiatric hospitals showing that the prevalence of latent
toxoplasmosis in patients, especially those with schizophre-
nia, was usually higher than the prevalence in normal popula-
tion. It was often speculated that schizophrenia patients could
have higher probability of Toxoplasma infection. However,
the results of several prospective studies (surveyed in [15••])
as well as a discovery of enhanced synthesis of dopamine in
the brains of infected hosts and other indirect indices sug-
gested that toxoplasmosis could cause schizophrenia in
predisposed subjects. This model is also supported by the fact
that both schizophrenia and toxoplasmosis have one common
risk factor, namely a contact with cats in childhood [25, 26].
Results of the first modern meta-analyses showed that being
Toxoplasma seropositive increases the probability of schizo-
phrenia about 2.7 times (odds ratio (OR) 2.73; CI95 2.21–
3.38) [14, 27]. However, the most recent prevalence studies
often found decreased, rather than increased, prevalence of
toxoplasmosis in schizophrenia patients [28, 29]. A new
meta-analytic study based on 43 case-control studies showed
overall OR to be just 1.81 (CI95=1.51–2.16) and this OR even
decreased to 1.43 (CI95=1.21–1.70) when publication bias
was properly controlled [15••]. It was suggested that increas-
ing concerns regarding patients’ rights could be responsible
for such a decrease [30•]. Only the patients who voluntarily
sign the informed consent, therefore, likely the patients with
less serious forms of schizophrenia, can be included into any
contemporary scientific study. Several studies showed that
patients with latent toxoplasmosis express more serious posi-
tive symptoms of schizophrenia [31–34]. Changes in brain
morphology—namely the decrease of gray matter density bi-
laterally located within the caudate, median cingulate, thala-
mus, and occipital cortex, and in the left cerebellar hemi-
spheres—which are typical for schizophrenia, have been ob-
served only in Toxoplasma-infected patients, not in
Toxoplasma-free patients [28]. It was also observed that
Toxoplasma-infected subjects had a 15× higher probability
of having a continuous course of disease [35•] and a mortality
rate five times higher [36] than Toxoplasma-free subjects. In-
deed, it was confirmed that a highly increased prevalence of
toxoplasmosis can be found in blood samples of male schizo-
phrenia patients collected for various clinical purposes, not for
scientific experiments [30•]. Also, the recent meta-analytic
study showed that the highest OR were reported from studies
performed in Africa (N=2, OR=3.74), then South America
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(N=4, OR=2.48), Asia (N=6, OR=2.06), the Middle East
(N=11, OR=2.04), Europe (N=12, OR=1.53), and the USA
(N=7, OR=1.25) [15••]. Various explanations for this order
could be suggested. However, the probable existence of a
gradient in patient right concerns seems to be a relatively
parsimonious one.

All published case-control studies compared the prevalence
of toxoplasmosis in schizophrenia patients and in healthy con-
trols. It is possible that toxoplasmosis could trigger schizo-
phrenia only in subjects with certain (possibly rare) predispo-
sitions and therefore usual case-control studies provide highly
biased odds ratios for a general population. As far as I am
aware, only one unpublished case-control study compared

the prevalence of schizophrenia patients in a cohort of
Toxoplasma-infected and Toxoplasma-free subjects in non-
clinical population (the members of Facebook page BGuinea
pigs^ [37]). The reason for the lack of studies is that because
of the incidence of schizophrenia is less than 1 %, a very large
number of subjects must be involved in this type of observa-
tion studies. Among 2619 participants, only 6 women and 8
men reported to be diagnosed with schizophrenia. The OR
was 2.47, p=0.02 (partial Kendall Tau, age controlled).

Two principally different physiological mechanisms re-
sponsible for the association between toxoplasmosis and
schizophrenia have been suggested. Based on direct evidence
in mice [38] and indirect evidence in humans, namely an

Table 1 Association between latent toxoplasmosis and 11 neurological and neuropsychiatric disorders

Case-control—patients Ecological study Cross sectional—general populationa

Schizophrenia More than 50 studies OR=2.73
(CI95=2.21–3.38) [14]; now
OR=1.81 (CI95=1.51–2.16) [15••]

Europe: p=0.02 (posit. correlation)
[13••], non-Europe: nesign.
(negat. correlation) [13••]

All: OR=2.47, p=0.02, N=10/4
Women: OR=2.10, p=0.32, N=4/2
Men: OR=3.67, p=0.15, N=6/2

Bipolar disorder 11 studies, OR=1.52 [15••]
(CI95=1.06–2.19)

Europe: p=0.01 (posit. correlation)
[13••], non-Europe: nesign.
(posit. correlation) [13••]

All: OR=1.10, p=0.72, N=50/9
Women: OR=1.57, p=0.07, N=25/9
Men: OR=0.04, p=0.02, 25/0

Obsessive
compulsive
disorder

2 studies, OR=3.40
(CI95=1.73–6.68) [15••]

Europe: p=0.02 (posit. correlation)
[13••], non-Europe: p<0.001
(posit. correlation) [13••]

All: OR=1.49, p=0.04, N=62/15
Women: OR=1.63, p=0.05, N=24/9
Men: OR=1.73, p=0.09, N=38/6

Unipolar
depression

9 studies, OR=1.21
(CI95=0.86–1.7) [15••]

Europe: nesign. [13••],
non-Europe: nesign. [13••]

All: OR=1.30, p=0.10, N=109/23
Women: OR=1.25, p=0.24, N=66/19
Men: OR=0.48, p=0.01 N=43/4

Drug abusing
disorder

4 studies, OR=1.91
(CI95=1.49–2.44) [15••]

Europe: p=0.07 (posit.
correlation), non-Europe:
p=0.1 (negative correlation)

All: OR=1.30, p=0.50, N=19/4
Women: OR=0.51, p=0.32, N=9/1
Men: OR=3.29, p=0.01, N=10/3

Anxiety
disorder

1 study, OR=2.25
(CI95=1.11–4.53) [16]

N.A. All: OR=1.87, p<0.01, N=173/50
Women: OR=1.73, p=0.01, N=111/42
Men: OR=1.40, p=0.22, N=62/8

Panic disorder N.A. Europe: p=0.02 (posit.), non-Europe:
p=0.1 (negative correlation) [13••]

All: OR=0.81, p=0.40, N=53/7
Women: OR=0.81, p=0.44, N=37/7
Men: OR=0.06, p=0.06, N=16/0

Self-directed
violence

About 10 studies, mostly
significant, no meta-analysis,
OR about 2

Europe: 3 studies [13••, 17, 18]: signif.
positive correlations, non-Europe:
p=0.005, negat. correlation [13••]

Women: OR=1.53 (CI95=1.27–1.85) [22]

Autism 1 study, OR=7.2
(CI95=1.56–33.7) [23••]

N.A. All: OR=5.12, p<0.01, N=6/5
Women: OR=4.28, p=0.10, N=1/1
Men: OR=8.78, p<0.01, N=5/4

Epilepsy 6 studies, OR=2.5
(CI95=1.27–3.9) [19•]

World: p=0.001, posit. [20], Europe:
p=0.03 [13••], posit., non-Europe:
p=0.007, posit. [13••]

All: OR=1.17, p=0.82, N=6/2
Women: OR=0.18, p=0.99, N=3/0
Men: OR=1.93, p=0.27, N=3/2

Migraines 1 study, OR=2.11
(CI95=1.16–3.84) [21]

N.A. All: OR=1.27, p=0.02, N=181/34
Women: OR=1.71, p=0.05, N=32/9
Men: OR=1.07, p=0.51, N=149/55

N shows the number of Toxoplasma-free/number of Toxoplasma-infected subjects with particular disorder
a Except these for self-directed injury, all other results were obtained in two cross-sectional questionnaire studies performed on Czech nonclinical
population. Study A—psychiatric disorders: 25,293 responders, 2619 provided information about their toxoplasmosis status (1117 Toxoplasma-free
men and 106 infected men; 1131 Toxoplasma-free women and 265 infected women); study B—epilepsy andmigraines: 4712 responders, 1046 provided
information about their toxoplasmosis status (268 Toxoplasma-free men and 48 Toxoplasma-infected men; 540 Toxoplasma-free women and 190
Toxoplasma-infected women). Nonparametric partial Kendall correlation test with age as a confounding variable was used to compute significance
when number of subjects reporting particular disorder was at least 8; otherwise, Fisher exact test was used
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observed lower personality factor of novelty seeking [39, 40],
it was suggested that increased concentration of dopamine is
responsible for schizophrenia in predisposed subjects [39]. It
was confirmed that the dopamine uptake inhibitor GBR 12909
interferes with specific behavioral effects of toxoplasmosis in
infectedmice [41]. An increased concentration of dopamine in
the acute phase of infection was also observed in mice [42•].
Gaskell and Smith [43] have shown the genome of
Toxoplasma contains two genes for tyrosine hydroxylase,
the rate limiting enzyme of the dopamine synthesizing path-
way. Indeed, an immunofluorescence study has demonstrated
a high concentration of dopamine in Toxoplasma tissue cysts
and their surroundings [44], but see also [45, 46]. It is well
known that increased levels of dopamine in certain brain
structures is responsible for typical positive symptoms of
schizophrenia, namely for hallucination and delusions [47].
Also, nearly all antipsychotic drugs that are currently used
for the treatment of schizophrenia are either dopamine antag-
onists or inhibitors of dopamine transport [48].

The second hypothesis suggests that an increased concen-
tration of kynurenic acid is responsible for the onset of schizo-
phrenia in Toxoplasma-infected subjects [49]. Increased levels
of this product of degradation of tryptophan could be respon-
sible for the inhibition of glutamine and nicotine neurotrans-
mitter receptors, which is believed to play an important role in
the cognitive impairment symptoms of schizophrenia
(Schwarcz and Hunter [49]). While dopamine upregulation
is mostly considered as a part of the manipulation activity of
Toxoplasma [50], the tryptophan degradation is part of verte-
brate host defense against various pathogens, including
Toxoplasma [51].

Bipolar disorder A meta-analysis performed by Sutterland
and Fond [15••] found 11 studies searching for an association
between BD and showed that the overall OR was 1.52 (CI95=
1.06–2.19). For example, a recent French study found 76.9 %
of prevalence in 110 patients and 48.2 % prevalence in 106
controls, suggesting that infected subjects have about a 2×
higher risk of bipolar disorder (OR=2.17, CI95=1.09–4.36)
than Toxoplasma-free subjects [52]. An ecological study
showed an association between the prevalence of toxoplasmo-
sis and the BD burden in 29 European countries and a similar
trend for 59 non-European countries [13••]. Recent infection
or reactivation of infection could play a role in BD, as the
mania patients experienced increased levels of anti-
Toxoplasma IgM antibodies but not IgG antibodies [53]. It
was also observed that cognitive functions are correlated with
the concentration of anti-Toxoplasma IgM antibodies in
Toxoplasma-infected subjects with BD, but not in patients
with SCH or in controls [54]. Toxoplasma-infected patients
treated with antipsychotics with anti-Toxoplasma activity pre-
sented less lifetime depressive episodes than patients treated
with other antipsychotics. Such a difference was not found in

BD Toxoplasma-free patients and in SCH Toxoplasma-infect-
ed or SCH Toxoplasma-free patients [55]. In our cross-
sectional study performed on nonclinical population of 2619
subjects, 59 individuals reported to be diagnosed with bipolar
disorder. Total OR was 1.1, p=0.7. However, OR in women
was 1.25 (p=0.07), while OR for men was 0.04 (p=0.02)—all
25 male BD patients were Toxoplasma-free.

Obsessive Compulsive Disorder An ecological study
showed a very strong correlation between incidence of toxo-
plasmosis and the obsessive compulsive disorder-related bur-
den in European (p=0.02) and especially in non-European
countries (p<0.0001) [13••]. The prevalence of toxoplasmosis
could explain 18 and 36 % of the between-country variability
in OCD-related burden in Europe and outside Europe, respec-
tively. The results of two case-control studies on the relation of
OCD and toxoplasmosis have been published with overall OR
of 3.40 (CI95=1.73–6.68) [15••]. Our internet study per-
formed on a nonclinical population found 77 subjects with
OCD. The OR was 1.49, p=0.04. Another of our unpublished
studies performed on a nonclinical population showed that
infectedmen expressed a significantly higher OCD score mea-
sured with OCI-R [56] in comparison with non-infected men
(Fig. 1).

Unipolar Depression Based on observed tryptophan deple-
tion, which results in a decrease of serotonin level in
Toxoplasma-infected subjects and increased rates of suicides
and suicide attempts (see below), it was speculated that an
association between toxoplasmosis and major depression
could exist [57, 58]. However, a systematic review of modern
literature found 10 studies searching for this association with
an overall OR 1.21 (CI95=0.86–1.7) [15••]. Only one techni-
cally problematic study found a positive result. When this
study was omitted from the meta-analysis, the OR decreased
to 1.01 (CI 95=0.80–1.28). Additionally, the ecological study
found no association between toxoplasmosis and major de-
pression [13••]. Our cross-sectional study performed on a non-
clinical population found a nonsignificant association with
toxoplasmosis, OR=1.30, p=0.10. Infected men even seem
to be protected against unipolar depression—only 4 patients
were found in Toxoplasma-infected subjects while 43 were
found in Toxoplasma-free individuals (OR=0.48, p=0.01).
This pattern indicates that toxoplasmosis has specific effects
on mental functions, rather than a generally negative effect on
mental health.

Drug Abuse Disorder A meta-analytic study [15••] found
four studies reporting increased risk of drug abuse disorder
in Toxoplasma-infected subjects with overall OR 1.91
(CI95=1.49–2.44). An ecological study found a positive cor-
relation of the prevalence of toxoplasmosis with alcohol use
disorder-related burden explaining 13 % of the between-
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country variability (p=0.07) in European countries but a neg-
ative correlation explaining 5 % variability (p=0.1) in non-
European countries. A cross-sectional study performed on a
cohort of 1040 nonclinical subjects showed a nonsignificant
trend for increased risk of DAD (OR=1.40, CI95=0.38–5.62).
However, the study also showed lower risk of alcohol use
disorder in infected subjects, which was in agreement with
the reported lower novelty seeking in Toxoplasma-infected
subjects [39, 40].

Anxiety Disorder One case-control study [16] revealed in-
creased incidence of anxiety disorder (OR=2.25, CI95=1.11–
4.53) and a nonsignificant increase of posttraumatic stress
disorder (OR=1.68, CI95=0.88–3.21) in Toxoplasma-infected
subjects. This association was stronger for infected subjects
with higher concentrations of anti-Toxoplasma antibodies
(OR=1.68, CI95=0.88–3.21), suggesting that increased anxi-
ety can be understood as an aftereffect of acute toxoplasmosis,
rather than the effect of latent toxoplasmosis [59]. A higher
anxiety score was also reported in Toxoplasma-infected preg-
nant women enrolled in a study of postpartum thyroiditis [60].
A trend suggesting a positive association between toxoplas-
mosis and panic disorder was observed in an ecological study
performed on the set of 29 European countries (p=0.02, 10 %
of explained between-country variability) [13••]. On the other
hand, no association between toxoplasmosis and generalized
anxiety disorder or panic disorder in cross-sectional study per-
formed on 1846 nonclinical subjects [61]. Studies on the in-
teraction between anxiety and toxoplasmosis should take into
consideration that Toxoplasma could have an opposite effect
on men and women. It was observed among laboratory-
infectedmice that infected males expressed less while infected
female mice more anxiety in open field test than controls [41].

Toxoplasma-gender interaction was also observed when per-
sonality and fear were studied in human models [59, 62]. Our
cross-sectional study performed on a nonclinical population,
however, showed a positive association between latent toxo-
plasmosis and anxiety disorder both in women (OR=1.73, p=
0.01) and in men (OR=1,40, p=0.22). Only a nonsignificant
positive association between toxoplasmosis and posttraumatic
stress disorder was observed in our study (OR=1.36, p=0.15,
59 Toxoplasma-free and 13 Toxoplasma-infected patients).

Violence and Self-Directed Violence One study showed the
association between toxoplasmosis and homicides [63] and
more than 10 studies showed the association between toxoplas-
mosis and suicides or suicide attempts. Some case-control stud-
ies were performed on subjects with mental health problems
[64, 65] and some on nonclinical populations [66, 67]. A large
prospective cohort study performed on 45,788 Danish women
that were pregnant between the years 1992 and 1995, and who
were observed until the year 2006, showed that an infected
woman had about a 1.53-fold increased probability of self-
directed violence and a 2.05-fold higher probability of suicide
than a Toxoplasma-free woman. Two correlation studies
showed that the incidence of suicides in Europe correlated with
the prevalence of toxoplasmosis in any particular country [17,
68]. A larger ecological study performed in 29 European coun-
tries confirmed this trend, and at the same time, it showed a
negative association between the incidence of suicides and the
prevalence of toxoplasmosis in 59 non-European countries (p=
0.005, 14 % explained between-country variability) [13••].

Autism A possible association between toxoplasmosis and
autism spectrum disorders was suggested [23••, 69–71]. Pa-
tients with autism have persistent neuroinflammation,

Fig. 1 Difference in intensity of
obsessive compulsory disorders
symptoms between Toxoplasma-
infected and Toxoplasma-free
nonclinical subjects
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hypercytokinemia, and specific gastrointestinal abnormalities
[72–74]. A similar spectrum of symptoms also occurs in mice
with chronic toxoplasmosis and further in Toxoplasma-infect-
ed subjects. It was also suggested that an increased prenatal
level of testosterone could be associated with both toxoplas-
mosis and autism [75]. Only one case-control study has been
published so far. Prandota et al. [23••] found 23.9 % preva-
lence in 46 children with autism spectrum disorder and 4 %
prevalence in 50 controls. They also found markedly in-
creased levels of interferon γ and NO in Toxoplasma-infected
participants. In our internet-based study, we found only 6
Toxoplasma-free and 5 Toxoplasma-infected individuals with
autism (OR=5.12, p<0.01); however, 21 Toxoplasma-free
and 8 Toxoplasma-infected subjects also reported Asperger’s
syndrome (OR=2.36, p<0.01). These two associations were
much stronger for men than for women (see Table 1).

Personality Disorder An association between toxoplasmosis
and personality disorder was observed in 896 patients with
schizophrenia, major depression, schizoaffective disorder, or
bipolar disorder (OR=1.90, CI95=1.19–3.03) [76]. Our cross-
sectional study performed on a nonclinical population of 2619
subjects found a significant association between toxoplasmo-
sis and antisocial personality disorder (OR=2.76, CI95=1.11–
6.68) and borderline personality disorder (OR=4.12, CI95=
1.09–15.48) only in men.

Neurological Diseases

For historical reasons, the associations of latent toxoplasmosis
with various mental health disorders are being studied more
often than with other disorders and diseases. It is, however,
very probable that the association with certain neurological
disorders are even stronger than with mental health disorders.
Most often, the associations of toxoplasmosis with epilepsy,
headaches, and migraines are reported.

Epilepsy Toxoplasmosis has been reported to be associated
with cryptogenic epilepsy, i.e., the epilepsy without any
known cause. A meta-analytic study published in 2015 found
six case-control studies comparing the prevalence of toxoplas-
mosis in patients with cryptogenic epilepsy and in controls
[19•]. Overall OR was 2.25 (CI95=1.27–3.9). The existence
of an association between toxoplasmosis and epilepsy was
also supported by the results of two ecological studies. The
first one showed a correlation between the prevalence of latent
toxoplasmosis and the incidence of cryptogenic epilepsy on a
set of 16 European and non-European countries (r=0.98, p=
0.001) [20], while the second showed a correlation between
the prevalence of latent toxoplasmosis and cryptogenic epi-
lepsy disease burden on the set of 29 European countries (r=
0.82, p=0.025) and the set of 59 non-European countries (r=

0.97, p=0.007) [13••]. Toxoplasma cysts containing slowly
dividing bradyzoites persist and grow in the brain of an infect-
ed host. They eventually rupture, releasing many bradyzoites
that infect surrounding cells. Bradyzoites and components of
killed cells induce local inflammation, the process that could
produce microglial scars (glial nodules). It is widely believed
that these scars are the main cause of cryptogenic epilepsy in
Toxoplasma-infected subjects [19•, 77]. Only six Toxoplasma-
free and two Toxoplasma-infected subjects in 1046 partici-
pants of a smaller study reported to suffer epilepsy; therefore,
the observed positive associations were not significant (see
Table 1).

Recurrent Headaches and Migraines Acute toxoplasmosis
is frequently accompanied with many neurological signs,
which nearly always include headache [7, 78]. In immuno-
competent subjects with acquired toxoplasmosis, the most fre-
quent symptoms of the disease are lymphadenopathy and
headache [21, 79]. Latent toxoplasmosis, the seemingly
asymptomatic form of the disease, is probably accompanied
by chronical local inflammation in foci that are usually local-
ized in different places than the tissue cysts of the parasite [5,
80] and with an activation of immune system both inside and
outside an infected brain [2, 81]. An increased concentration
of certain immunomodulators and immunoeffectors, like
interferon γ, tumor necrosis factor, and nitric oxide, are
very often associated with various forms of headaches,
including migraine; for a review, see [21, 82]. At pres-
ent, migraine is usually considered to be a neurogenic
inflammation disorder [83].

Despite the existence of many case reports and the obvious
relation between toxoplasmosis, encephalitis, and headache,
only one case-control study on the relation between headache
or migraine and latent toxoplasmosis could be found in
PubMed and Web of Science. Koseoglu and Yazar [21]
showed that prevalence of toxoplasmosis in 104 patients with
migraine was 44.2 % while in 50 healthy controls, or in
50 patients with headache due to rhinosinusitis, the
prevalence was 26.0 and 24 %, respectively. This cor-
responds to OR=2.1, CI95=1.16–3.84. In our internet-
based study performed on 1046 internet users, 181
Toxoplasma-free and 64 Toxoplasma-infected subjects
reported migraine (OR=1.27, p=0.02).

Other Neurological Disorders The relation between latent
toxoplasmosis and Alzheimer’s disease, Parkinson’s disease,
brain tumors, attention concentration deficit, hyperactivity,
anorexia, Down syndrome, idiopathic intracranial hyperten-
sion, pseudotumor cerebri, aseptic meningitis, facial nerve
palsy (Bell’s palsy), hearing loss, and anosmia was also re-
ported to exist—for a review, see [13••, 84]. Results of our
cross-sectional study performed on 2619 nonclinical subjects
suggest that the potential associations of latent toxoplasmosis
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with multiple sclerosis, sense of motion problems, tics, fascic-
ulation, posttraumatic stress disorder, primary insomnia, and
learning disabilities deserve more attention in the future.

Methodological Issues Relating to the Study
of Toxoplasmosis Disorders Associations

Acute toxoplasmosis spontaneously proceeds to the latent
phase in nearly all infected subjects in Europe and North
America. However, in subjects with impaired immunity or
infected with a highly virulent strain of Toxoplasma, toxoplas-
mosis never turns latent and retains a chronical course with
persisting or aperiodically returning symptoms of acute toxo-
plasmosis instead. Virulent strains of Toxoplasma are common
in South America, where the highest diversity of Toxoplasma
strains and also an extremely high prevalence of toxoplasmo-
sis exists [85–87]. Due to the selection for the highest viru-
lence within individual hosts superinfected with several genet-
ically distinct strains of the parasite [88], the mean parasite
virulence increases in centers of higher biodiversity and abun-
dance of parasitic fauna. Therefore, one must be very careful
with generalizations of results reported in individual case stud-
ies as well as results of case-control studies performed in
South America. These studies might concern chronical, rather
than latent, toxoplasmosis.

Another serious complication of the study of toxoplasmo-
sis disorder associations concerns a sieve effect that could
strongly influence the results of case-control studies. This ef-
fect can cause both false-negative and false-positive results.
The course of toxoplasmosis is different in a subpopulation of
subjects with certain, possibly rare predispositions. A case for
this is the subjects with a certain genotype or subjects infected
with a certain pathogen, e.g., cytomegalovirus [89]. There-
fore, toxoplasmosis could trigger a particular disorder only
in this small subpopulation, not in the general population
which we are usually interested in. However, when we run a
case-control study by comparing the frequency of toxoplas-
mosis in patients with a particular disease and in healthy con-
trols, the obtained positive results are related to the subpopu-
lation with the predisposition, not the general population.
False-negative results could be obtained in some cases, such
as when the course of the studied disorder is more serious in
Toxoplasma-infected than in Toxoplasma-free subjects. It is
possible that subjects with a more severe form of a disease
cannot enter or refuse to enter the study. This can be the case
of schizophrenia, see above, and possibly also some neurode-
generative disorders [90]. It is also possible that a more severe
toxoplasmosis-associated form of a disorder, e.g., of border-
line disorder, is more often classified as another disease, e.g.,
schizophrenia, and therefore, Toxoplasma-infected patients
are not enrolled in studies of personality disorders.

The sieve effect can be avoided by using an alternative design,
i.e., the cohort study, inwhich incidence of a particular disorder is
compared between populations of Toxoplasma-infected subjects
and Toxoplasma-free controls. Such studies are much more dif-
ficult to perform, and especially for rare disorders, they require
extremely a large number of participants. Therefore, they are
much rarer than studies that use a case-control design. Some
problems occur even in these studies. Modern diagnostic
methods for toxoplasmosis, which are based on the presence of
anti-Toxoplasma antibodies, have very good specificity and a
relatively good sensitivity. However, the level of anamnestic an-
tibodies irregularly decreases as time passes from the moment of
infection [91]. On the basis of the results of randomization tests, it
was estimated that about 5–10% of false-negative subjects occur
in populations of birth-giving age women that had been diag-
nosed by two independent serological methods (IgG ELISA and
complement fixation reaction) in the National Reference Labo-
ratory [92]. In higher age strata, the number of seemingly
Toxoplasma-free but actually Toxoplasma-infected subjects is
probably higher. If the studied disorder needs a long time to fully
develop, then false-negative subjects could have the highest in-
cidence of the disorder and the case-control study could wrongly
provide a false-negative instead of a positive association between
toxoplasmosis and the disorder. This paradoxical effect of toxo-
plasmosis was already shown to exist [92] and could possibly
explain an observed negative association between toxoplasmosis
and multiple sclerosis [93].

Another highly undervalued problem of the toxoplasmosis
research is the difference between men and women, both in the
physiological and behavioral effects of toxoplasmosis and in
the prevalence of toxoplasmosis [59]. When toxoplasmosis
has opposite effects on men and women, the association could
not be detected if the mixed sample of men and women is
studied and sex is not included into the statistical model. Be-
cause a typical clinical picture of certain disorders differs, the
men and women with the same disorder could be often diag-
nosed differently. Such clinical praxis could result in a seem-
ingly opposite effect of toxoplasmosis (or any other epidemio-
logical factor) on men and women. This can be the case, for
example, of pairs of disorders such as tics-muscle fasciculation
and possibly also schizophrenia-bipolar disorder. When the
prevalence of toxoplasmosis and incidence of a particular dis-
order differ between men and women, then the analysis of a
mixed sample could provide a false-positive result. Last but not
least, behavioral response of men and women on chronical
stress is the opposite. In contrast to men, who seem to use more
individualistic and antisocial (e.g., aggressive, hostile) forms of
coping with stress, women are more likely to seek and provide
social support joined with others and verbalize toward others or
toward one’s self [94]. A recent biological (evolutionary) theory
similarly distinguishes between the male Bfight-or-flight^ re-
sponse and the female Btend-and-befriend^ reaction to stress
[95]. Opposite behavioral reactions to toxoplasmosis-
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associated mild but continuous stress could result in different
psychiatric diagnoses for men and women with the same disor-
der and the dissimulation (product tendency not to verbalize
own problems) could result, for example, in a seemingly lower
incidence of unipolar disorder in Toxoplasma-infected men.

Conclusions

A large part of the information concerning the associations
between latent toxoplasmosis and neurological disorders was
obtained in case studies or case-control studies of not fully
satisfactory design, and therefore, it could be relevant only
to a subpopulation of atypical subjects. In spite of this, some
associations definitely exist even in the general population.
The causal relation between Toxoplasma infection and the
disorder has been analyzed by prospective studies only for
schizophrenia. These studies have confirmed that the infection
is the cause of the disorder. It is highly desirable to study the
relation between toxoplasmosis and (not only) neurological
disorders with prospective cohort studies performed on non-
clinical population. It is even more desirable to search for a
method of treatment of latent toxoplasmosis by destroying
tissue cysts of the parasite and to decrease frequencies of in-
fections by performing suitable epidemiological precautions.
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