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Abstract: Several studies have investigated the association between infection with Toxoplasma gondii (Nicolle et Manceaux,
1908), pregnancy and fertility, but the results of studies focused on the fertility are rather ambiguous. Here we report results of four
new cross-sectional studies. The studies were performed in the General University Hospital, Prague (study A with n = 1165, and study
C with n = 317), in private clinics of the Centre of Reproductive Medicine, Prague (study B with n = 1016), and in a population of
Czech and Slovak volunteers from the Facebook page ‘Guinea Pigs’ willing to participate in various basic science studies (study D with
n=>524). In studies A and B, the clinical records were used to assess the fertility problems, whereas in studies C and D, the women were
asked to rate their fertility problems using a six-point scale. Pregnant 7. gondii-infected women were older than 7. gondii-free women
(study A: 33.1 vs 31.2, P < 0.001; study B: 30.6 vs 29.6, P = 0.012) and more often used assisted reproductive technology to conceive
(study A: 17.2% vs 12.4%, P = 0.041; study B: 13.4% vs 9.2%, P = 0.317). Pregnant 7. gondii-infected primiparous women were older
than 7. gondii-free primiparas (study A: 31.1 vs 29.5, P <0.001; study B: 29.7 vs 28.9, P = 0.064) and more often used assisted repro-
ductive technology to conceive (study A: 24.7% vs 14.4%, P =0.010; study B: 15.9% vs 15.5%, P =0.888). T. gondii-infected women
reported to take a longer time to conceive than 7. gondii-free women (P = 0.015). They also claimed to have more fertility problems
than 7. gondii-free women (P < 0.0001). Our results suggest that ‘asymptomatic’ latent toxoplasmosis could be a more serious source

of fertility problems and health-associated burden than more severe but far rarer congenital toxoplasmosis.
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Toxoplasmosis, probably the most widespread human
parasitic infectious disease in developed countries, is
caused by a coccidian protist, Toxoplasma gondii (Nicolle
et Manceaux, 1908). The prevalence of latent toxoplasmo-
sis in the population ranges from 20% to 80% depending
on various environmental and socioeconomic factors, in-
cluding the number of cats in the environment, latitude,
moisture, hygienic standards and kitchen habits. Toxoplas-
mosis is transmitted to humans by ingesting food or water
contaminated with cat faeces or by eating undercooked
meat containing tissue cysts of the parasite (Tenter et al.
2000). Acute disease promoted by rapidly dividing tach-
yzoites in cells of many tissues usually progresses sponta-
neously to the latent phase characterised by probably per-
manent presence of slowly dividing bradyzoites in tissue
cysts in various organs of the host. Latent toxoplasmosis is
mostly considered to pose no health threat to immunocom-
petent individuals. However, it is accompanied by specific
changes in the psychomotor performance, behaviour and
personality profile (Flegr et al. 1996, Lindova et al. 2006,
Flegr 2013a).

The clinical implications of 7. gondii infection in preg-
nant women are manifold. Unlike acute toxoplasmosis in
pregnancy, which could result in congenital toxoplasmosis
and serious damages to foetuses and newborns (Wolf et
al. 1939, Tenter et al. 2000), latent toxoplasmosis of the
mother seems to have no significant negative impact on
the health of the offspring. However, pregnant women
with latent toxoplasmosis have been reported to have pro-
longed pregnancy and seemingly younger (less developed)
foetuses, especially at the 16" week of pregnancy (Flegr
et al. 2005, Kankova and Flegr 2007). A hypothesis of
relaxed quality control explains these phenomena by pos-
tulating that 7. gondii could relax the stringency of some
‘quality control” mechanism, which, under normal condi-
tions, is responsible for miscarriage of embryos with de-
velopmental defects and thus with a (statistically) slower
foetal growth (Kankova and Flegr 2007). This hypothesis
can also explain an earlier observation of extremely high
prevalence of toxoplasmosis in mothers of children with
Down syndrome (84% vs 32% in controls — Hostomska et
al. 1957). The hypothesis of relaxed quality control was
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later supported both in humans (Kankova et al. 2007a) and
experimentally infected mice (Kankova et al. 2007b). The
secondary sex ratio was higher in children of women with
latent toxoplasmosis than in those of 7. gondii-free women.
Similarly, mice with toxoplasmosis had a higher sex ratio
(expressed as the proportion of males in the offspring) than
controls in the early phase of latent infection. These phe-
nomena can be explained by a decreased miscarriage rate
due to more immunogenic male embryos (Kellokumpu-
Lehtinen and Pelliniemi 1984, Christiansen et al. 2004).

The influence of toxoplasmosis on the miscarriage rate
in humans has been the subject of several studies yielding
discordant results. A positive effect of latent toxoplasmosis
on the risk of miscarriage has been shown in a study per-
formed on 5033 obstetric patients (Kimball et al. 1971);
however, this observation was not confirmed by others
(Giorgino and Mega 1981, Quablan et al. 2002). Pavlinova
et al. (2011) have reported the seroprevalence of IgG anti-
bodies against 7 gondii in 530 women with recurrent mis-
carriage to be 42.1%, which was significantly higher than
in controls (25.1%). Salman (2014) has shown a significant
relationship between toxoplasmosis and anti-Mullerian
hormone level as a predictor of ovarian reserve in females.

Recently, latent toxoplasmosis has been shown to be as-
sociated with an increase in autoimmune thyroid diseases
in pregnancy (Kankova et. al 2014) and gestational diabe-
tes mellitus (our unpubl. data). The main purpose of the
present study is to search for indices of negative effects
of latent toxoplasmosis on female fertility. We found that
T. gondii-infected women became pregnant at an older age,
more often needed in vitro fertilisation and reported to take
a longer time to conceive and to have more fertility prob-
lems than 7. gondii-negative women.

MATERIALS AND METHODS

Patients

Study A was designed as a cross-sectional study. The main
data set covered 1165 women who were routinely screened in
gestational weeks 9—12 for chromosomal abnormalities (i.e. se-
rum free beta-hCG and PAPP-A) in the General University Hos-
pital in Prague, Czech Republic in 2008-2009. Serum samples
collected at the time of screening were frozen and stored at -70 °C
and 3-4 years later were examined for anamnestic antibodies
against Toxoplasma gondii.

The second experimental set (study B) consisted of clients
of two outpatient clinics (Centre of Reproductive Medicine) in
Prague 5 and Prague 8. We analysed anonymised clinical data on
the progress of 1016 pregnancies. The original data set included
records of all clients tested for toxoplasmosis from 1996-2004
who were Czech citizens domiciled in Prague. The women were
tested for toxoplasmosis at about pregnancy week 16.

Clinical records comprised maternal age, maternal pre-preg-
nancy weight, number of previous deliveries, and method of con-
ception (in vitro fertilisation vs natural conception) in both data
sets and antibody titres in the second data set. The women with
incomplete medical records were excluded from the analyses.

The third data set (study C) included information from a ques-
tionnaire survey performed in 2012-2013 in women involved in
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study A. For various technical reasons, the questionnaire only
reached about 1200 women. The respondents were asked, among
other questions unrelated to the present study, how long it took
them to conceive. They were instructed to rate this period using
a six-point scale: 1 — less than three months, 2 — from three to six
months, 3 — from six to nine months, 4 — from nine to 12 months,
5 —from 12 to 24 months, and 6 — more than 24 months. Other op-
tions were “I do not remember” or “this was an unplanned preg-
nancy”. The information about the time to conceive was provided
by 317 women.

During the whole time of the studies, we worked with an ano-
nymised data set. The studies were approved by the Ethical Com-
mittee of the General University Hospital and the First Faculty of
Medicine of the Charles University in Prague.

The fourth set of data (study D) was obtained using an elec-
tronic questionnaire distributed as a Qualtrics survey. The sub-
jects were recruited for a study concerning primarily the effects
of keeping dogs and cats on personality and health using a Fa-
cebook-based snowball method, namely through an invitation
posted on the wall of the Facebook page ‘Guinea pigs’ intended
for Czech and Slovak nationals willing to take part in diverse,
mostly evolutionary psychology surveys and experiments (Www.
facebook.com/pokusnikralici). Among 180 questions, we asked
the respondents about their gender, age and fertility problems.
To rate the fertility problems, they indicated either “I have not
check it yet” or used a six-point scale anchored with 1 — not at all
and 6 — serious or frequent. The participants were informed about
the aims of the study on the first page of an electronic question-
naire. They provided information that the study was voluntary
and anonymous, the obtained data would be used exclusively for
scientific purposes, and the participants were free to withdraw
from the study at any time by closing the web page. This study
was approved by the Institutional Review Board (IRB) of the
Faculty of Science, Charles University.

Immunological tests for toxoplasmosis

The complement-fixation test (CFT), which determines the
overall levels of IgM and IgG antibodies of particular specificity,
and enzyme-linked immunosorbent assay (ELISA) (IgG ELISA:
SEVAC, Prague, IgM ELISA: TestLine, Brno) were used to de-
tect toxoplasmosis status of women in studies A and C. By using
both IgM and IgG ELISA, we were able to discriminate between
the acute and latent phases of the infection. Latent toxoplasmosis
was defined as a CFT titre of 1 : 4 and more, together with an
index of positivity (IP) of >1.2 for IgG ELISA and IP of < 1.0 for
IgM ELISA (Kodym et al. 2007). The presence of anamnestic an-
tibodies against 7. gondii was diagnosed with the indirect immun-
ofluorescence test at dilutions between 1 : 8 and 1 : 1024 in the
second data set (study B). The samples with specific fluorescence
visible in a dilution 1 : 16 or higher were considered as 7. gondii
positive. Women with suspected acute toxoplasmosis, i.e. with
high IgM and IgA titres, were excluded from the studies (study A:
2 cases; study B: 2 cases).

Statistics

The statistical program Statistica 9.0 was used for all testing.
The influence of latent toxoplasmosis on the age at pregnancy
was evaluated using the General Linear Model (GLM), with
maternal age at pregnancy as a dependent variable and 7. gondii
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Table 1. Differences in the time to conceive between Toxoplasma gondii-negative and Toxoplasma gondii-positive women (study C).

Time to conceive (months) <3 3-6 6-9 9-12 12-24 >24 Total number*
Toxoplasma gondi-negative 135% 37 14 16 18 22 242
Toxoplasma gondi-positive 33 9 2 6 14 11 75
Total 168 46 16 22 32 33 317

* number of women.

status (negative/positive) as an independent binary variable. The
number of previous pregnancies was included in all statistical
analyses as an independent ordinal variable. The influence of the
binary variable latent toxoplasmosis on the probability of having
a baby using assisted reproductive technology was evaluated us-
ing the contingency table method. For some women, certain data
(e.g. number of previous pregnancies and method to conceive)
were not available and therefore the numbers of women varied
between analyses.

Differences in the time to conceive between 7. gondii-negative
and T. gondii-positive women were analysed using the non-par-
ametric Spearman correlation. The mothers who reported either
unplanned pregnancy (n = 35) or did not remember the time to
conceive (n = 7) were excluded from the analysis.

The association between toxoplasmosis and fertility problems
was analysed by the partial Kendall’s tau correlation test with age
as a confounding variable (Siegel and Castellan 1988, Kaikova
et al. 2011). The Excel sheet for the computation of the partial
Kendall correlation is available at http://web.natur.cuni.cz/~flegr/

programy.php.

RESULTS

The first data set (study A) included 1165 pregnant
women of whom 267 tested Toxoplasma gondii positive
(prevalence of 22.9%). Information about the number of
the previous pregnancies was not available for 241 women.
GLM with the mother’s age as a dependent variable and
toxoplasmosis and the number of previous pregnancies as
independent variables showed that 214 7. gondii-positive
women were older when pregnant (mean = 32.1 years;
Cl,, = 31.5, 32.6) than 710 7. gondii-negative women
(mean = 30.9 years; CI ;= 30.6, 31.2) (F = 14.66, P<0.001,
eta’= 0.016). The effect of the second predictor ‘number
of previous pregnancies’ on the mother’s age was positive
and also significant (F = 142.55, P < 0.001, p*= 0.134).
Next, the influence of latent toxoplasmosis on the moth-
er’s age at pregnancy was evaluated in a subset of primi-
parous women. This analysis showed that 113 7. gondii-
positive primiparas were significantly older when pregnant
(mean = 31.1 years; CI,,= 30.4, 31.7) than 346 T. gondii-
negative primiparas (mean = 29.5 years; CI, = 29.0, 29.9)
(F=12.26, P <0.001, p*= 0.026).

Differences in the frequency of in vitro fertilisation be-
tween 7. gondii-negative and 7. gondii-positive women
were analysed for 1165 women from study A. Assisted
reproductive technology (ART), mostly in vitro fertilisa-
tion, was used by 111 (12.4%) of 898 T. gondii-negative
women in comparison with 46 (17.2%) of 267 1. gondii-
positive women. The difference was significant (y = 4.18,
P =0.041, OR = 1.48). The same analysis was repeated in
primiparas. Again, the frequency of using ART was low-
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er in 7. gondii-negative primiparous women (47 of 327,
14.4%) than in T. gondii-positive primiparous women (27
of 109, 24.7%), (x = 6.27, P =0.010, OR = 1.96).

The second data set (study B) consisted of 1016 preg-
nant women of whom 201 were 7. gondii-positive (prev-
alence of 19.8%). The GLM showed that 201 7. gondii-
positive women were significantly older at pregnancy
(mean = 30.6 years; CI,, = 30.0, 31.2) than 815 7. gondii-
negative women (mean = 29.6 years; CI = 29.3, 29.9)
(F=6.4,P=0.012, u>= 0.006). The effect of the second
predictor, i.e. the number of previous pregnancies, was also
significant (F = 101.96, P < 0.001, p?>= 0.091). Further,
the analysis showed that 113 7. gondii-positive primiparas
were older when pregnant (mean = 29.7 years; CI .= 28.8,
30.5) than 500 7. gondii-negative primiparas (mean = 28.9
years; CI = 28.5, 29.2). This effect approached the level
of significance (F = 3.45, P = 0.064, p?>= 0.006). The fre-
quency of ART was 11.4% in the second data set; however,
the influence of latent toxoplasmosis on the frequency of
ART was not significant either in the all data set (13.4% in
T. gondii-positive mothers, n = 201, vs 9.2% in T. gondii-
negative mothers,n=_815, y’=1.01,P=0.317, OR=1.27)
or in primiparas (15.9% in 7. gondii-positive mothers,
n =113 vs 15.4%, in T gondii-negative mothers, n = 500;
x’=0.02, P=0.888, OR = 1.04).

Differences in the time to conceive between 7. gondii-
negative and 7. gondii-positive women were analysed for
317 respondents (75 were 1. gondii-positive) who provid-
ed the information in the questionnaire study (study C).
The Spearman correlation showed that 7. gondii-positive
women reported to take a longer time to conceive than
T. gondii-negative women (R = 0.14, P =0.015; Table 1).

About 5000 subjects took part in the internet question-
naire study (study D). Among them, 524 women provided
information about their 7 gondii-infection status and rated
their fertility problems on a 1-6 point scale (see Fig. 1).
The association between toxoplasmosis and fertility prob-
lems was analysed with the partial Kendall’s tau correla-
tion test with maternal age as a confounding variable. The
results showed that 154 T. gondii-infected women report-
ed more frequent or more serious fertility problems than
370 T. gondii-free women (partial Kendall’s tau = 0.115,
P <0.0001).

DISCUSSION

Our results showed that pregnant women, especially
primiparous, with latent toxoplasmosis were older than 7ox-
oplasma gondii-negative pregnant women. Also, 7. gondii-
positive women reported to take a significantly longer time
to conceive and to have more frequent or more serious fer-
tility problems than 7. gondii-free women. These results
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Fig. 1. Occurrence of fertility problems in women with and without latent toxoplasmosis (study D).

support the hypothesis that latent toxoplasmosis has some
negative effects on the reproductive capacity of 7. gondii-
infected women. Akarsu et al. (2011) have suggested that
T. gondii-associated infertility mechanisms include devel-
opment of endometritis and foetal rejection due to local
release of 7. gondii from cysts located in the endometrial
tissue on stimulation during placenta formation, impaired
folliculogenesis in the ovaries and uterine atrophy and
reproductive failure due to hypothalamic dysfunction as
a result of chronic toxoplasmosis. In mice, experimental
data have shown acquired hypogonadotrophic hypogonad-
ism secondary to hypothalamic dysfunction after chronic
infection with 7. gondii — Stahl et al. (1994), Antonios et al.
(2000). However, the results of a study focused on 7. gon-
dii-seropositivity in fertile and infertile women have not
indicated a relationship between toxoplasmosis and female
infertility (Akarsu et al. 2011).

Toxoplasma gondii is a parasitic protozoan whose ef-
fects on human behavior (Flegr et al. 1996), personality
(Lindova et al. 2006) and other phenotypic traits (Flegr
2013a) have been studied most thoroughly, often in the
context of the manipulation theory. This theory suggests
that many parasites change the phenotype of their host to
increase their chances of transmission to a new host, for
example by predation (Hutchison et al. 1980, Berdoy et al.
1995). The probability of congenital transmission in hu-
mans is very low, after tachyzoites of 7. gondii transform to
bradyzoites in tissue cysts. The intermediate host ‘needs’ to
survive for as long as possible while 7. gondii ‘needs’ the
infected intermediate host to be killed and eaten by the de-
finitive host (any feline species). It is possible that 7. gon-
dii manipulates the reproductive activity of an intermediate
host (the vector) to increase its longevity and migratory
activity at the expense of its reproduction rate. However,
a more plausible explanation is that the observed associa-
tion between toxoplasmosis and fertility problems is only
a side-effect of the infection, e.g. the deteriorated health of
chronically infected hosts.
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Dvorakova-Hortova et al. (2014) have demonstrated
a direct relation between infection with 7. gondii and a de-
creased male reproductive fitness in mice. They have ob-
served significant differences in the reproductive parame-
ters obtained from a detailed testicular histometric analysis
and in DNA methylation pattern of the testicular epig-
enome between 7. gondii-infected and 7. gondii-free mice.
They have also observed a decreased level of luteinising
hormone (LH) in urine of infected males. The urine LH
level was studied to test the hypothesis that 7" gondii might
activate the hypothalamo-pituitary-adrenal (HPA) stress
axis, thus modulating the hypothalamo-pituitary-gonadal
(HPQG) axis and consequently altering the release of gona-
dotropins (Dong et al. 2004, Terpsidis et al. 2009). Indirect
indices of chronic stress in humans with latent toxoplas-
mosis have been reported by Lindova et al. (2010). These
results, along with the evidence of negative effects of latent
toxoplasmosis on health of mice (Flegr 2010) and humans
(Flegr et al. 2014) are in agreement with our hypothesis
that decreased fertility may be one of the side-effects of
latent toxoplasmosis.

Latent toxoplasmosis leads to alterations in serum con-
centrations of testosterone both in men and mice (Flegr et
al. 2008, Kankova et al. 2011). Epidemiological and ex-
perimental evidence relates high concentrations of andro-
gens to an increased risk of a reproductive failure (James
2015). It can be, therefore, speculated that toxoplasmosis-
associated increases of testosterone could be the proximal
cause of at least some maternal reproductive pathologies.
It must be noted, however, that 7. gondii-associated in-
crease of testosterone was observed only in men and male
rodents. The association between toxoplasmosis and fertil-
ity problems is thus rather a spurious one. Specifically, the
women with higher level of steroid hormones could have
both the fertility problems and also some immunity prob-
lems, which could result in an increased risk of protozoan
infections.
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Studies performed in various countries have shown the
existence of association between toxoplasmosis and men-
tal health problems (Torrey et al. 2007, 2012, Holub at al.
2013, Flegr 2013b). We could speculate about the reasons
for the correlation between the fertility and psychological
problems of 7. gondii-infected patients. It is possible that,
at least in some subjects, the psychiatric disorders are di-
rect consequences of the fertility problems. Many studies
describe the increased prevalence of psychiatric disorders,
e.g. depression, anxiety disorder (Volgsten et al. 2008) or
psychosis, schizophrenia and other mental disorders in
patients with fertility problems (undergoing in vitro ferti-
lisation — IVF — treatment) (Baldur-Felskov et al. 2013).
It is, however, also possible that the reported association
between mental health and fertility problems is due to in-
dependent relations of mental health and fertility problems
with 7. gondii infection.

Our results showed that 7. gondii-positive women used
assisted reproductive technology to conceive significantly
more often than 7. gondii-negative women in the General
University Hospital in Prague. However, this effect was
not significant in women from outpatient clinics, Centre of
Reproductive Medicine in Prague. This observation can be
explained by the fact that women with medical problems
and unsuccessful IVF trials are being referred to the public
General Hospital from different Prague outpatient clinics.

Although both correlations, differences in the time to
conceive between 7. gondii-negative and T. gondii-pos-
itive women, and the association between toxoplasmosis
and fertility problems are significant, the size effects are
relatively low. This means that very little variability in the
dataset can actually be predicted by 7. gondii-status. La-
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tent toxoplasmosis therefore represents rather public health
than individual subject-health problem.

An important limitation of studies A and B was the
absence of information about the reasons for using ART
in the available clinical records. Many women who used
ART were in fact fully fertile and had partners with some
fertility problems. In study D, women themselves reported
their toxoplasmosis status. It is highly probable that some
women provided incorrect information. Some of them,
for example, may have tested negative several years ago
but may have become infected in the meantime. It must
be stressed out, however, that this kind of stochastic errors
could increase the risk of false negative and not of false
positive results of observational studies.

Our study provided several independent indices for the
existence of an association between latent toxoplasmosis
and fertility problems in women. The difficulties with con-
ception represent a serious and growing public health prob-
lem in most of developed countries. Toxoplasmosis is the
most widespread human parasitic infectious disease that
affects about one third of the human population worldwide
(Tenter et al. 2000). Currently, no method of treatment of
latent toxoplasmosis is available. However, the prevalence
of toxoplasmosis could be reduced by appropriate epide-
miological approaches. Our results suggest that searching
for anti-7. gondii vaccines for domestic cats as well as for
a method of treatment of latent toxoplasmosis, is urgently
needed.
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