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Infection by the parasite Toxoplasma, which affects about 33% of world population, is
associated with an increased risk of several mental health disorders, the most strongly
with schizophrenia. It is unknown whether schizophrenia is associated with this infection
the most strongly, or whether this association has just been the most intensively studied
for historical reasons. We used the data from 6,367 subjects tested for toxoplasmosis
who took part in an internet survey to search for associations of these infections with 24
mental health disorders and evidence of otherwise impaired mental health. The typical
symptom associated with toxoplasmosis was anxiety, and the typical toxoplasmosisassociated disorders were autism (OR = 4.78), schizophrenia (OR = 3.33), attention deﬁcit
hyperactivity disorder (OR = 2.50), obsessive compulsive disorder (OR = 1.86), antisocial
personality disorder (OR = 1.63), learning disabilities (OR = 1.59), and anxiety disorder
(OR = 1.48). Toxoplasmosis could play a substantial role in the etiopathogenesis of mental
health disorders and its association with schizophrenia is the second strongest
association, after autism.
Keywords: psychiatric diseases, mental health, prevalence, risk factors, etiology, Toxoplasma, infection hypothesis

INTRODUCTION
About one third of the world population is infected with the coccidian parasite Toxoplasma gondii.
The course of postnatally acquired toxoplasmosis in immunocompetent subjects is mild, and
therefore so-called latent toxoplasmosis has been mostly considered as clinically insigniﬁcant.
However, the results of recent studies show that this picture could be wrong. Speciﬁcally, the
Toxoplasma-seropositivity has been associated with the increased risk of many mental and physical
health disorders (1) and between-country differences in seroprevalence of toxoplasmosis could
explain 23% of the total variability in disease burden in European countries (2). The connection
between certain mental health disorders, especially schizophrenia, and toxoplasmosis has been
documented beyond any reasonable doubt, for review see (3, 4). Moreover, the causal role of
toxoplasmosis in the development of schizophrenia has been conﬁrmed by a longitudinal study (5).
It has even been documented that the changes in brain morphology that are characteristic of
schizophrenia, such as gray matter reduction in frontal and temporal cortices, caudate, median
cingulate, and thalamus, are in fact typical for Toxoplasma-seropositive schizophrenia patients (6).
Congruently, the Toxoplasma-seropositive patients express more prominent positive symptoms of
schizophrenia (7, 8) and have a 15-times higher probability of having a continuous course of disease
than the Toxoplasma-free patients (9). Far fewer studies have shown the association of
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toxoplasmosis with other mental health disorders. About 10
studies have shown the association of toxoplasmosis with
bipolar disorder, and less than ﬁve with obsessive compulsive
disorder, learning disorder, autism, and anxiety disorder; for
reviews see (4, 10).
It is not known whether the association of Toxoplasma with
schizophrenia is the strongest or whether it is just most often
studied. To address this question, we performed a systematic
search for any association between Toxoplasma-seropositivity
and 22 common mental health disorders. However, the
prevalence of certain disorders, e.g., schizophrenia, is relatively
low and doing many statistical tests requires performing rigorous
correction for multiple tests. For these reasons, we needed to
analyze a very large data set. To this end, we utilized data from a
recently obtained, large internet-based cohort study performed
on about 60,000 members of the general internet population.

Questionnaires
The electronic survey consisted of 5 already published
questionnaires studying various facets of human sexuality (11).
The survey also contained an anamnestic questionnaire
collecting various socioeconomic, demographic, health related,
epidemiologic, and psychological data and three projective
psychological tests. Altogether, the survey consisted of more
than 700 questions and the mean time necessary to complete it
was about 110 min (the mode was 97 min). In the present study,
we used only the information about sex, age, size of place of living
(urbanization: 6-points ordinal scale – 0: less than 1,000
inhabitants, 1: 1–5 thousand inhabitants, 2: 5–50 thousand
inhabitants, 3: 50–100 thousand inhabitants, 4: 100–500
thousand inhabitants, 5: more than 500 thousand
inhabitants), mental health-related variables, and Toxoplasma
infection. The respondents were asked how they rate their
physical health status in comparison to other people of the
same age (subjective physical health — analog scale 0–100,
anchored with 0: deﬁnitively worse status, 100: deﬁnitively
better status), how many drugs prescribed by doctors they
currently take per day, how many of different preparations or
drugs non-prescribed by doctors they currently take per day
(“how many different herbs, food supplements, multivitamins,
super-foods etc. do you currently take in per day”), how many
times they have used antibiotics during past 365 days, how many
times they have visited their primary care doctor in past 365 days
(“not for prevention”), and how many different medical
specialists they have visited (not for prevention) in the past 5
years. The coefﬁcient of physical health was computed as mean Zscore from the answers to six previous questions. The subjects
were also asked about their mental health status in comparison to
other people of the same age (subjective mental health – analog
scale 0–100, anchored with 0: deﬁnitively worse status, 100:
deﬁnitively better status), the intensity of any psychiatric
disorders diagnosed by doctors and disorders undiagnosed by
doctors using two analog 0–100 scales. Then they were asked
to check which mental health diseases they suffer from (both
diagnosed and undiagnosed by a clinician) on the list of 24
disorders, see Table 3. The list contained also Alzheimer's disease
and Parkinson's disease, however, only one subject tested for
Toxoplasma reported to suffer from Alzheimer's disease and
none reported to suffer from Parkinson's disease, therefore the
associations between the infections and these two disorders were
not analyzed. The disorders reported by each respondent were
manually checked and corrected (e.g., manio-depressive
disorder/psychosis, cyclophrenia, anxiety-depressive disorder
were re-classiﬁed from the category “other disorder” into
proper categories); and based on this data, the new variable
number of psychiatric diseases was computed. They were also
asked to rate the intensity of suffering from particular
neuropsychiatric symptoms (depression, mania, phobia,
anxiety, and obsessions) with moving sliders on analog scales
0–100, anchored with “Never” (0) and “Intensively or
frequently” (100). The coefﬁcient of mental health was
computed as mean Z-score from the answers to eight previous
questions. The subjects have been also asked whether they are

MATERIALS AND METHODS
Study Population
The data was originally collected for the purpose of another
study (11). The subjects were invited to participate in the study
using a Facebook-based snowball method (12) by advertisements
published in various papers and electronic media, as well as TV
and radio broadcasting. The invitation to participate in a “study
testing certain evolutionary psychological and parasitological
hypotheses, containing many questions related to sexual life”
was also posted on the wall of the Facebook page “Guinea pigs”
(“Pokusní králíci” in Czech) for Czech and Slovak nationals
willing to take part in diverse ethological and psychological
projects (www.facebook.com/pokusnikralici). The participants
were informed about the aims of the study on the ﬁrst page of
the electronic questionnaire. They were also provided with the
following information: “The questionnaire is anonymous and the
obtained data will be used exclusively for scientiﬁc purposes.
Your cooperation in the project is voluntary and you can
terminate it at any time by closing this web page. You can also
skip any uncomfortable questions; however, the most valuable
data is complete data. Only subjects above 15 years old are
allowed to take the questionnaire. If you agree to participate in
the research and are above 15, press the “Next” button”. The
questionnaire was written in Czech language, therefore only
Czech and Slovak took part in the study. More information
about the composition of the population under study shows the
ﬁrst paragraph of the section Results. Some pages of the
questionnaire contained the Facebook share button. These
buttons were pressed by 1,660 participants, which resulted in
obtaining data from about 59,000 respondents in total between
22nd January 2015 and 24th July 2019. The project, including the
method of obtaining an electronic consent to participate in the
study, was approved by the Ethical Committee of the Faculty of
Science, Charles University (No. 2015/01). The preliminary
results obtained by the analysis of approximately one half of
current data set, namely data from 3,440 respondents, were
already presented in the form of the Letter to editor (13).
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Toxoplasma-infected. They were reminded that Toxoplasma is ‘‘a
parasite of cats, dangerous especially to pregnant women”. The
response ‘‘I do not know, I am not sure'' was set as a default
answer which the respondents could change by selecting either
‘‘No, I was tested by a doctor and the result of my laboratory tests
was negative'' or ‘‘Yes, I was tested by a doctor and I had
antibodies against Toxoplasma''. In a similar more recent
internet questionnaire study, we asked the participants for the
reasons of their testing for toxoplasmosis. About 50% of men and
20% of women were tested for various health-related reasons
(probably not for the mental health-related reasons because, at
the present time, psychiatrists practically never send their
patients for toxoplasmosis tests), 37% of women were tested in
relation to their pregnancy, and 40% men and 34% of women
were tested in our lab during participation in various research
projects during past 20 years. The respondents had three options:
they could complete the questionnaire anonymously, they could sign
the ﬁnished questionnaire with a code obtained after the anonymous
registration, or they could sign the ﬁnished questionnaire with a
code obtained after the non-anonymous registration.

covariates were used for the analysis of ordinal and continuous
variables, however, the parametric and more robust but less
sensitive non-parametric tests provided qualitatively equivalent
results. False discovery rate (preset to 0.20) was controlled with
the Benjamini-Hochberg procedure (14).
Terminological note: By the term “prevalence” we mean
prevalence of the subjects reporting particular disorder in our
data set, not the prevalence or incidence of a particular disorder
in the internet or even general population.

RESULTS
The ﬁnal data set contained information on the mental health of
16,740 women (mean age 30.9, SD = 11.4) and 20,032 men
(mean age 35.5, SD = 12.5); the difference in age between both
sexes was signiﬁcant (t36770 = -36.4, p < 0.0001). Among these
subjects, 3,698 women (18.7% seropositive) and 2,669 men (9.9%
seropositive) provided the information about their
toxoplasmosis status. The difference in age between
Toxoplasma-infected and Toxoplasma-free subjects was
signiﬁcant for women (33.2 vs 35.2, p = 0.00003) but nonsigniﬁcant for men (37.6 vs 36.6, p = 0.220).
ANCOVA tests with independent variables of age,
urbanization, sex, and toxoplasmosis showed that Toxoplasmaseropositive subjects, especially women, reported worse mental
and physical health, and more serious symptoms of depression,
anxiety, and obsessions, see Table 1 and Figures 1 and 2. To
check whether the effect of toxoplasmosis on mental health was
mediated by its effect on physical health, we ran the ANCOVA
analyses with the variable physical health problems included
among the covariates. The results were approximately the same
as with the model without this covariate — see the last two
columns of Table 1 — suggesting that impaired mental health is
not a side-effect of the impaired physical health of the
infected subjects.
Next, we explored which speciﬁc mental and physical health
problems were characteristic for the Toxoplasma-infected
subjects. Here we tested men and women separately using the

Statistical Methods
Before statistical analysis, less than 1% of suspicious data (too tall
or too short height, too low or too high body mass or age, too
short duration of the test, etc.) were ﬁltered out. Several subjects
were also excluded because they checked nearly all mental health
disorders, including Parkinson's and Alzheimer's disease. The
ﬁnal raw data set containing the data of 6,367 subjects for which
the information about toxoplasmosis status and at least some
information about mental health is available at ﬁgshare: https://
doi.org/10.6084/m9.ﬁgshare.9335081.v1.
Statistica v.10.0. was used for exploration of data and R v.
3.3.1 for the conﬁrmatory statistical tests. Differences in the
prevalence of individual disorders between the Toxoplasmainfected and Toxoplasma-free subjects have been analyzed with
logistic regression with sex, age, urbanization, and Toxoplasma
seropositivity as the predictors. Both ANCOVA and nonparametric tests (partial Kendall correlation test, R package
ppcor) with age, urbanization, and in some analyses also sex as

TABLE 1 | Effects of Toxoplasma-seropositivity on reported mental health and psychiatric symptoms.
N

age

urbanization

sex

toxo

toxo-sex

toxo*

p

eta2

p

eta2

p

eta2

p

eta2

Cohen's d

p

eta2

p

eta2

0.000

0.005

coefﬁcient of mental health

6545

0.000

0.013

0.137

0.000

0.000

0.004

0.000

0.006

0.250

0.594

0.000

coefﬁcient of physical health

6333

0.000

0.010

0.708

0.000

0.000

0.005

0.012

0.001

0.134

0.432

0.000

depression

3886

0.000

0.007

1.000

0.000

0.000

0.005

0.043

0.001

0.131

0.390

0.000

0.060

0.001

mania

2706

0.000

0.024

0.804

0.000

0.149

0.001

0.604

0.000

0.010

0.759

0.000

0.577

0.000

phobia

2964

0.000

0.014

0.242

0.000

0.000

0.008

0.347

0.000

0.099

0.585

0.000

0.320

0.000

anxiety

3677

0.000

0.015

0.518

0.000

0.000

0.009

0.009

0.002

0.162

0.714

0.000

0.015

0.002

obsessions

2810

0.000

0.031

0.348

0.000

0.217

0.001

0.012

0.002

0.129

0.624

0.000

0.000

0.005

2

The table shows the results of ANCOVA, i.e., the signiﬁcance and effect size (eta , which is approximately equal to the fraction of variability of a dependent variable explained by the
variability of an independent variable) for mental and physical health and psychiatric symptoms. For the factor toxoplasmosis, the effect size was also shown as the Cohen's d. The last two
columns (toxo*) show the result of ANCOVA in which not only age and urbanization, but also physical health, were controlled. The p value < 0.00005 is coded as 0.000; the associations
signiﬁcant after the Benjamini-Hochberg correction for multiple, ﬁve or six (the last ANCOVA analysis) tests are printed in bold.
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FIGURE 1 | Effects of toxoplasmosis on mental and physical health. The height of the column and the spreads show mean coefﬁcient of health problems and its
95% conﬁdence intervals, respectively. These parameters were computed by general linear model with age and urbanization as covariates, therefore, the ﬁgure
shows the differences in physical and mental health when these two confounding variables were controlled. For the method of computing the coefﬁcients of physical
health problems and mental health problems see Materials and Methods.

FIGURE 2 | Effects of Toxoplasma-seropositivity on reported psychiatric symptoms. The symbols and the spreads show mean intensity of ﬁve psychiatric symptoms
and its 95% conﬁdence intervals, respectively. These parameters were computed by general linear model with age and urbanization as covariates, therefore, the
ﬁgure shows the differences in the intensity of psychiatric symptoms when these two confounding variables were controlled.

health related variables, except the number of visits to primary
care doctors and the intensity of suffering from mania. All
signiﬁcant associations except the number of visits of a

non-parametric partial Kendall correlation test with age and
urbanization as confounding variables. The results showed that
toxoplasmosis correlated with all sources of physical and mental
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practical doctor, indicated the worse mental and physical health
of the Toxoplasma-infected subjects (Table 2). To check for the
robustness of the results, we separately analyzed a subset of about
800 respondents who were tested for toxoplasmosis in our lab,
provided their identiﬁcation code at the end of the questionnaire,
and whose toxoplasmosis status was therefore possible to check
rigorously. For this set 2, the associations were non-signiﬁcant
after the correction for multiple tests, however, the strength of
the originally signiﬁcant effects (corresponding partial Kendall
Taus) were approximately the same (Table 2).
The participants were asked to indicate which mental health
disorder(s) they suffer from using a checklist with 24 disorders.
Table 3 shows that the Toxoplasma-seropositive subjects reported
higher prevalences of several mental health disorders, namely
autism (OR = 4.78, C.I.95 = 1.55-14.52), schizophrenia (OR =
3.33, C.I.95 = 1.32-7.82), attention deﬁcit hyperactivity disorder
(OR = 2.50, C.I.95 = 1.58-3.86), obsessive compulsive disorder (OR =
1.86, C.I.95 = 1.28-2.66), antisocial personality disorder (OR = 1.63,
C.I.95 = 1.06-2.44), learning disabilities (OR = 1.59, C.I.95 =
1.08-2.28), and anxiety disorder (OR = 1.48, C.I.95 = 1.17-1.86).

titres of anti-Toxoplasma antibodies, on mental health symptoms
and disorders. The most characteristic symptom associated with
Toxoplasma-seropositivity was increased anxiety and the typical
toxoplasmosis associated disorders were autism, schizophrenia,
attention deﬁcit hyperactivity disorder, obsessive compulsive
disorder, antisocial personality disorder, learning disabilities, and
anxiety disorder. We observed also a positive trend for
Asperger syndrome.
The association of toxoplasmosis with schizophrenia has been
conﬁrmed by many studies, for reviews see (3, 4) and a similar
association has been documented for obsessive compulsive
disorder (15–17) and anxiety disorder (18). The association
between toxoplasmosis and autism has been suggested on the
basis of three case-control studies and also on various indirect
evidence, for review see (1, 19). The lack of association between
toxoplasmosis and major (unipolar) depression and panic
disorder is in agreement with most of published data (4, 10,
18, 20). As far as we know, the strong association of
toxoplasmosis with attention deﬁcit hyperactivity disorder, and
the relatively strong association with antisocial personality
disorder have not been reported. In contrast, we did not
conﬁrm the association of toxoplasmosis with bipolar disorder,
which has been reported in about 10 studies, for review and
meta-analysis see (4).
The inﬂuence of T. gondii on the development of psychiatric
disorders is most probably mediated both by an immune
reaction of the brain to T. gondii and by the biochemical
activity of the parasite itself. Interferon-gamma secreted in
response to toxoplasmosis maintains this infection in a latent
form because it induces astrocytes to synthetize indoleamine-2,
3-dioxygenase (IDO), the enzyme responsible for tryptophan
degradation via the kynurenine metabolic pathway (21, 22). It
results in both a lack of tryptophan, an amino acid essential for T.
gondii replication, and increased levels of the ﬁnal products of
kynurenine pathway. Tryptophan is degraded by IDO into
kynurenine which is either metabolized to kynurenic acid, an
antagonist of the glutamate NMDA (N -methyl- D -aspartate)
receptor or hydroxylated into quinolinate, a potent NMDA
neurotoxic agent (23). These metabolites exert both neurotoxic
(quinolinate) and pro-psychotic (kynurenic acid) effects and can
also inﬂuence the neurotransmitter balance (24). However,
through the medium of two genes analogical to the human
gene for tyrosine hydroxylase, T. gondii also directly enhances
dopaminergic activity that is critical for the development of
schizophrenia, autism, and other mental disorders (3, 4, 17).
Hence, dopaminergic and glutamatergic systems (through both
agonism and antagonism of NMDA receptors) are affected by T.
gondii and could represent the mediating factors between
toxoplasmosis and mental disorders.
Mental disorders with an identiﬁed association with
toxoplasmosis in our sample correspond with the role of these
pathophysiological pathways. The highest association has been
identiﬁed for autism spectrum disorders, schizophrenia, and
attention deﬁcit hyperactivity which are related to both
aberrant neurodevelopment and to the glutamatergic system
and dopamine dysregulation (6, 25).

DISCUSSION
The main ﬁnding of this study is the robust and speciﬁc effect of
latent toxoplasmosis, or, more precisely, the presence of anamnestic

TABLE 2 | Association of toxoplasmosis with physical- and mental-health
related variables.
All

subjective physical health
subjective mental health
drugs prescribed
drugs non-prescribed
primary care doctor
antibiotics
medical specialists
psychiatric problems
diagnosed by
problems undiagnosed by
doctors
number of psychiatric
diseases
depression
mania
phobia
anxiety
obsessions
coefﬁcient of physical health
coefﬁcient of mental health

Men

Women

set 1

set 2

set 1

set2

-0.026
-0.073
0.034
0.040
-0.022
0.003
0.049
0.063

-0.012
-0.075
0.034
0.030
-0.008
-0.008
0.058
0.047

-0.034
-0.058
-0.011
0.015
-0.028
-0.010
0.051
0.040

-0.028
-0.033
-0.003
-0.031
0.001
-0.018
0.050
0.002

0.043

0.009

0.057 -0.022

0.029

0.015

0.067

0.073

0.067

0.054

0.072

0.043
0.006
0.021
0.048
0.021
0.037
0.072

0.018
0.021
0.013
0.028
-0.008
0.051
0.057

0.042

set 1

set 2

-0.005 0.026
-0.061 -0.069
0.060 0.050
0.041 0.053
-0.021 -0.022
-0.004 -0.028
0.025 0.025
0.060 0.058

0.030 -0.015 0.039 0.037
0.037 0.031 -0.007 0.028
0.032 -0.043 0.002 0.002
0.048 0.057 0.032 -0.002
0.039 -0.013 0.012 0.006
0.029 0.005 0.022 0.049
0.071 0.056 0.055 0.036

Partial Kendall Taus computed of partial Kendall correlation (age and urbanization controlled)
for all subjects who provided the information concerning their toxoplasmosis status (set 1)
and for about 800 subjects who signed the questionnaire and whose toxoplasmosis status
was checked in our ﬁle. The negative Taus correspond to worse health in subjective health
problems and to better health in other variables. The associations signiﬁcant after the
Benjamini-Hochberg correction for multiple tests are printed in bold.
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TABLE 3 | Prevalence of common mental health disorders in Toxoplasma-seropositive and Toxoplasma-seronegative subjects and their association with toxoplasmosis
measured with logistic regression.
Women

Major depression
Bipolar disorder
Schizophrenia
General anxiety disorder
Alcohol use disorder
Gambling
Drug use disorder
Posttraumatic stress disorder
Obsessive compulsive dis.
Panic disorder
Insomnia primary
Learning disabilities
Borderline person. disorder
Antisocial person. disorder
Attention deﬁcit hyperactivity dis.
Phobias
Bulimia, anorexia
Burn-out syndrome
Sexual disorder
Asperger syndrome
Autism
Other mental disorder

Men

Odds Ratio

T-D-

T-D+

T-D+

T+D-

T+D+

T+D+

T-D-

T-D+

T-D+

T+D-

T+D+

T+D+

Women

Men

All

1715
1850
1903
1629
1871
1905
1892
1808
1841
1806
1830
1827
1878
1848
1870
1551
1848
1736
1869
1892
1906
1824

194
59
6
280
38
4
17
101
68
103
79
82
31
61
39
358
61
173
40
17
3
85

10.2%
3.1%
0.3%
14.7%
2.0%
0.2%
0.9%
5.3%
3.6%
5.4%
4.1%
4.3%
1.6%
3.2%
2.0%
18.8%
3.2%
9.1%
2.1%
0.9%
0.2%
4.5%

415
450
464
375
454
466
467
444
442
439
442
445
461
450
451
386
455
423
461
461
467
442

53
18
4
93
14
2
1
24
26
29
26
23
7
18
17
82
13
45
7
7
1
26

11.3%
3.8%
0.9%
19.9%
3.0%
0.4%
0.2%
5.1%
5.6%
6.2%
5.6%
4.9%
1.5%
3.8%
3.6%
17.5%
2.8%
9.6%
1.5%
1.5%
0.2%
5.6%

1195
1238
1268
1164
1215
1263
1261
1254
1209
1245
1219
1219
1257
1233
1247
1154
1274
1113
1228
1263
1272
1242

82
39
9
113
62
14
16
23
68
32
58
58
20
44
30
123
3
164
49
14
5
35

6.4%
3.1%
0.7%
8.8%
4.9%
1.1%
1.3%
1.8%
5.3%
2.5%
4.5%
4.5%
1.6%
3.4%
2.3%
9.6%
0.2%
12.8%
3.8%
1.1%
0.4%
2.7%

157
166
164
147
161
166
164
162
152
164
161
152
164
155
155
157
168
140
160
164
163
163

11
2
4
21
7
2
4
6
16
4
7
16
4
13
13
11
0
28
8
4
5
5

6.5%
1.2%
2.4%
12.5%
4.2%
1.2%
2.4%
3.6%
9.5%
2.4%
4.2%
9.5%
2.4%
7.7%
7.7%
6.5%
0.0%
16.7%
4.8%
2.4%
3.0%
3.0%

1.14
1.43
2.82
1.48
1.48
1.88
0.25
0.97
1.80
1.19
1.29
1.29
1.03
1.39
2.00
0.97
0.99
1.03
0.70
1.63
1.23
1.26

1.02
0.38
3.70
1.44
0.85
1.01
1.91
2.04
1.94
0.96
0.93
2.29
1.55
2.26
3.50
0.64
0.00
1.34
1.28
2.16
7.83
1.08

1.13
1.09
3.34
1.48
1.17
1.28
0.85
1.12
1.86
1.14
1.21
1.59
1.18
1.63
2.50
0.91
0.94
1.14
0.91
1.87
4.78
1.24

The ﬁrst twelve columns show the prevalence of disorders in particular subpopulations (T-D- Toxoplasma-free, disorder-free, T-D+ Toxoplasma free, disorder positive, T+D-Toxoplasmainfected, disorder-free, T+D+Toxoplasma-infected, disorder positive) and the last two columns show Odds Ratio and signiﬁcance (p-level) computed using logistic regression with
toxoplasmosis, sex, and age as independent variables. The number of subjects reporting the results of a serological test for toxoplasmosis and providing the information about their mental
health disorders was 3,800. The associations signiﬁcant after the correction for multiple tests are printed in bold.

mainly the subjects who were interested in sexuality-related
topics took part in it and ﬁnished the whole 110-min
questionnaire. The term “evolutionary psychological and
parasitological hypotheses” (not Toxoplasma or toxoplasmosis)
was mentioned only in the information on the ﬁrst page of the
questionnaire and therefore probably played only a marginal
role, if any, in the process of auto-selection of the participants of
the study. Moreover, the Toxoplasma-infected and Toxoplasmafree participants had no reason to answer the health-related
questions differently (except if they really differed in health).
Also, there is no reason to suppose that the association between
Toxoplasma infection and mental health would differ between
the subjects who voluntarily participate in a sex-related study
and the general population. In fact, the prevalences of mental
health disorders in our internet sample are comparable with
those published earlier for Europe (31). For example, the
prevalence of alcohol use disorder in Europe was 3.4% (3.2%
in our set), schizophrenia 1.2%, (0.6% in our set), unipolar
depression 6.9% (8.9% in our set), bipolar disorder 0.9% (3.1%
in our set, which better corresponds to other published data),
panic disorder 1.8% (4.4% in our set), anxiety disorder 1.7%–
3.4% (13.3% in our set — which, again, better corresponds to
other data), OCD 0.7% (4.7% in our set, which better
corresponds to other published data), posttraumatic stress
disorder 1.1%–2.9% (4.0% in our set), anorexia bulimia 1.5%
(2.0% in our set), phobias 10.7% (15.0% in our set). Drug use
disorder 0.4%–2.2% (1.0% in our set), borderline personality
disorder 0.7% (1.6% in our set), antisocial personality disorder

The dopaminergic upregulation mediated by tyrosine
hydroxylase activity of T. gondii may increase the risk of other
disorders of lower ORs like obsessive compulsive disorder (26),
antisocial personality disorder (27), and anxiety disorder (28).
We also speculate that increased dopaminergic signaling could
prevent the increased risk of disorders characterized by a blunted
mesolimbic reward mechanism as documented in depression on
other mood disorders (29, 30).

STRENGTH AND LIMITS OF
THE PRESENT STUDY
Our study probably involves the largest ever population of
Toxoplasma-tested participants — the usual population size in
similar studies is at least one order of magnitude smaller. Our
study was exploratory and hypothesis-free in the sense that all
main mental health disorders have been analyzed and all results,
both positive and negative, have been reported. This approach
remediates the well-known problems of the drawer and the
cherry picking artifacts — the problems of reporting only
positive or “interesting” results of studies.
The most serious limitation of the present study is that the
participants (about 0.5% of the inhabitants of Czechia) have been
self-selected and therefore they probably do not represent a
typical Czech population. The study primarily concerned
sexual behavior and sexual preferences and was addressed and
promoted as “Human sexuality questionnaire”. Therefore,
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rather universal problem of studies performed in highly
genetically polymorphic populations of animals and humans
living under natural heterogeneous conditions. Even the factors
that have very serious impacts on public health can usually
explain only a relatively small part of the variation of the
quantitative traits under study. The comparison with other
studies showed that the effect sizes of the observed associations
(partial Kendall Taus) were similar to those of cigarettes
smoking, alcohol and drugs consumption, and high BMI (36).
The situation was different with binary variables presence/
absence of particular mental health disorders. Here the
observed size of the effects, measured as OR, was very high, for
example, 4.78 for autism, and 3.33 for schizophrenia.

0.6% (3.6% in our set), insomnia 7% (4.5% in our set), attention
deﬁcit hyperactivity disorder 3.3% (2.6% in our set).
Another serious limitation of the present study was that the
subjects self-reported their mental health status, including the
presence of particular mental health disorders, as well as their
infection status itself. This is a trade-off for being able to study
the interaction between acquired infections and mental health
problems on a large enough scale. Our previous analyses of a
sample of 3,827 subjects who had been tested in our laboratory
for T. gondii seropositivity and later registered as our internet
volunteers showed that the information concerning
toxoplasmosis is mostly (99.5%) correct (32). Still, it is highly
probable that a certain fraction of raters misreport their
psychiatric diagnoses and especially their self-diagnoses. The
results of Monte Carlo modeling, however, showed that
stochastic errors caused by misdiagnosing and misreporting
health status can result only in false negative results of a study,
i.e., the failure to detect existing associations, not false positive
results of a study, i.e., detecting non-existing associations (17).
Moreover, the current study showed a similar pattern of
associations for the main population (set 1) and for the smaller
subset (set 2) of subjects with reliable information about their
Toxoplasma status.
We did not control for the effect of the Rh phenotype in the
present study. It has been shown recently, however, that Rh negative
women express increased, while Rh-positive women express
decreased depression, obsession, and several other facets of
neuroticism measured with the N-70 inventory (33). Similarly,
the ecological study performed on the set of 65 countries (34) and
the cross-sectional study performed on the population of 3,130
people (35) demonstrated worse physical health in Rh negative
subjects than in Rh-positive subjects. Our data suggests that the
effects of toxoplasmosis on physical and mental health are indeed
stronger in the Rh negative than in the Rh positive respondents.
However, nearly all effects present in the Rh negative subset, except
the strong positive association of toxoplasmosis with major
depression that was present only in the Rh negative subjects
(OR = 2.3 vs OR = 1.02), were present also in the subset of Rhpositive respondents. It must be stressed, however, that the Rh
negative subset contained the health-related data for less than 700
Toxoplasma-tested respondents. For reliable analysis we must
therefore wait until more data is available.
Given the cross-sectional design of this study, we cannot
address the problem of causality. It is not probable that mental
health disorders, and especially OCD, could increase the risk of
acquiring the Toxoplasma infection. However, it is possible that
some unknown third factor, such as immunodeﬁciency, could
increase both the risk of mental health disorders and Toxoplasma
infections. In the light of already published data and our
knowledge of the biology of the studied neuropathogen,
however, the most parsimonious interpretation of the observed
association is the positive effect of the infections on the rate of
speciﬁc mental health disorders.
The effect sizes of most of the observed associations between
toxoplasmosis and quantitative health-related variables (partial
Kendall Taus) might seem relatively low. This is, however, a
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CONCLUDING REMARKS
Our results obtained in the cross-sectional study performed on a
cohort of more than 6,300 subjects tested for toxoplasmosis
suggests that the pathogen has strong effects on the rate of several
common mental health disorders, including psychoses. The
results of analyses of covariance also suggest that the impaired
mental health is not a side effect of impaired health in the
infected people, as the effects remained intact even when the
physical health of respondents were statistically controlled.
The results of current study suggest that despite seemingly
asymptomatic course of latent toxoplasmosis, Toxoplasma
could play a privileged role in the etiology of mental disorders.
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