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Abstract Toxoplasma is parasite of cats that uses any warm-blooded animals as intermediate 
hosts. It is known to induce shifts in behavior, physiology and even morphology 
of its intermediate hosts, including humans. The lower second to fourth digit ratio 
(2D:4D ratio) in infected man and women, and higher height in infected man sug-
gest that sex steroid hormones like testosterone could play a role in these shifts. 
Here, we searched for another indirect indication for a higher postnatal testosterone 
level, i.e. increased perceived dominance and masculinity in infected men. We 
showed portrait pictures of 89 male students of which 18 were Toxoplasma-
infected to 109 female students. When we statistically corrected for age, men with 
latent toxoplasmosis were perceived as more dominant (p=0.009) and masculine 
(p=0.052). These results support the idea that the higher level of testosterone could 
be responsible for at least some of the toxoplasmosis-associated shifts in human and 
animal behavior. 

IntroductIon

Toxoplasma gondii, an intestinal coccidian para-
site of cats with a broad spectrum of intermediate 
hosts, is a very common human parasite, which usu-
ally infects 10–60% of inhabitants of various coun-
tries [39]. Infection in an early stage of pregnancy 
has often serious impacts on the health of infected 
infants, including microcephaly and hydrocephaly 
[17]. Infection in later stages of pregnancy usually 
results in less serious health impacts, such as sight 
and hearing defects [39]. Postnatally acquired 
toxoplasmosis in immunocompetent subjects 

causes mild disease, acute toxoplasmosis, and turns 
spontaneously into life-long latent toxoplasmosis, 
which is characterized by the presence of dormant 
stages of the parasite in cysts mostly in the neural 
and muscular tissues, and immunity against new 
Toxoplasma infections [15,29]. Latent toxoplasmo-
sis in men is considered as clinically asymptomatic 
[23,31]. It is, however, accompanied by behavioral 
changes [9,10,13,19]. The behavioral alterations in 
the infected hosts, such as higher activity and lower 
psychomotor performance of Toxoplasma-infected 
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mice, are usually interpreted as a result of manipulative 
activity of the parasite aiming to increase the chance of 
transmission of the parasite from intermediate to de-
finitive hosts [1,2,42]. Recently, it was also reported that 
latent toxoplasmosis increases the probability of birth 
of a son from 0.51 to 0.72 [16]. The personality changes 
observed in infected subjects, namely the tendency of 
infected men to disregard society rules [10,13], and the 
increased sex ratio in offspring of infected women [16], 
as well as oppositely directed shifts in most of the affected 
personality factors in men and women [13,19] suggest 
that altered levels of sex steroid hormones could play a 
role in certain toxoplasmosis-associated phenomena.

Supporting this hypothesis are two indirect indices 
of increased levels of steroid hormones in subjects with 
latent toxoplasmosis. First, infected men are taller and 
height is associated with higher concentration of testos-
terone [7]. Secondly, infected men and women have a 
lower second-to-fourth finger ratio (length index finger 
divided by the length of the ring finger), also called 2D:4D 
ratio [11] and a low 2D:4D ratio is associated with higher 
concentration of sex steroid hormones [21]. However, 
2D:4D ratio reflects mainly the concentration of pre-
natal steroid hormones [22] while Toxoplasma infection 
should be related rather to postnatal concentration of the 
hormone. The problem with postnatal concentration of 
steroid hormones, especially testosterone, also is that it 
fluctuates widely during the season and during the day 
[4,5] and in response to different external stimuli [3]. 
This fluctuation makes it impossible to estimate long-
term concentration of testosterone based on a one-shot 
measurement [33]. Indeed, there is usually no relation 
between the 2D:4D ratio and postnatal testosterone 
concentration [25]. 

Therefore, we searched for an independent marker 
of the long-term average testosterone level that would 
reflect the postnatal rather than prenatal concentration 
of testosterone. One such marker could be perceived 
dominance and masculinity [25], a complex of traits 
developed in men for the most part in puberty under 
strong influence of testosterone. Perceived dominance is 
hard to quantify objectively but can be easily estimated 
from photographical portraits by women raters [27]. 

In the present study we tested the testosterone hy-
pothesis of toxoplasmosis-associated behavioral changes 
by searching for differences in perceived dominance and 
masculinity between Toxoplasma-infected and Toxo-
plasma-free male students.

MetHodS

Subjects
Undergraduate biology students of the Faculty of Sci-

ences, Charles University, Prague, were addressed during 
regular biology lectures and were invited to participate 
in the study on a voluntary basis. Eighty-nine (89) male 
students, mean age 21.2 years, SD=1.85, enrolled in the 
study and signed an informed consent form. All partici-

pants provided 2 ml of blood for serological testing and 
agreed to have a colour photograph of their face taken 
(Nicon Coolpix 4500, 4 mega Pixels, distance 1.5 m, 
standard light conditions, frontal view, neutral facial 
expression) for the purposes of the study. The recruit-
ment of the study subjects and data handling practices 
complied with the Czech regulations in force.

Serology
Specific anti-Toxoplasma IgG and Igm antibody 

concentrations were determined by ELISA (IgG: SEVAC, 
Prague, Igm: TestLine, Brno), optimized for early detec-
tion of acute toxoplasmosis [28], and the complement 
fixation test (CFT) (SEVAC, Prague), as the decrease of 
CFT titres is more regular and therefore better reflects 
length of T. gondii infections [41]. Titres of antibodies to 
Toxoplasma in the sera were measured at dilutions be-
tween 1:8 and 1:1 024. The subjects testing Igm negative 
by ELISA (positivity index<0.9) and having CFT titres 
higher than 1:8 were considered latent-toxoplasmosis 
positive. 

Perceived dominance and masculinity rating
One hundred nine women raters, students of other 

faculties (aged 21–24), were individually invited for 
rating the photographs. Every woman rated the whole 
set of 89 photos (printed in format 9 × 12 cm), first 
for perceived dominance and then for masculinity on 
a seven point scale. The order of the photographs was 
randomised for each woman. In case a woman knew or 
was acquainted (even by sight) with a man in the picture, 
she was instructed not to rate that picture. The ratings 
of each woman were converted to z-scores to eliminate 
influence of individual differences between women, and 
perceived dominance and perceived masculinity was 
calculated for each man as his average z-score.

Statistics
The relation between perceived dominance and Toxo-

plasma infection was tested with General Linear models 
(GLm) and with nonparametric Kendall tests. The sta-
tistical significance of the corresponding nonparametric 
tests was approximately the same, therefore we present 
here only the results of the GLm analysis in which the 
control for confounding factors (e.g. the age) is more 
straightforward. 

reSuLtS

Of the 89 men 18 (22%) were Toxoplasma-positive. 
The pictures of these men received higher perceived 
dominance scores (average z-score = 0.184) and mas-
culinity scores (average z-score = 0.171) than the 71 
Toxoplasma-free subjects (average z-scores of –0.057 
and –0.030, respectively), Figure 1. The results of GLm 
tests showed that the difference was nearly significant for 
perceived dominance, (F1,87 = 3.94, p=0.051) but was not 
significant for masculinity (F1,87 = 1.91, p=0.170). When 
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age (the trait positively correlated with perceived domi-
nance and masculinity) was included into the model as 
a covariate, the difference in perceived dominance ap-
peared highly significant (F1,86 = 7.04, p=0.009) while 
that in masculinity was nearly significant (F1,86 = 3.87, 
p=0.052). Composite photographs (Figure 2) made up of 
photographs of the 18 Toxoplasma-infected men (b) and 
of a random sample of photographs of 18 Toxoplasma-
free men (a) illustrate the difference between these two 
groups. 

dIScuSSIon

Higher perceived dominance (and masculinity) of 
Toxoplasma-infected subjects was in accord with our hy-
pothesis that Toxoplasma-infected subjects have higher 
levels of testosterone. Previous indirect indices of a higher 
testosterone level, i.e. a lower 2D:4D ratio in infected 
men and women and higher body height in infected men 
[11], were obtained for the same population of university 
students, therefore the present data cannot be considered 
as an independent evidence for the testosterone hypoth-
esis. However, the relation between toxoplasmosis and 
perceived dominance remained approximately the same 
(in fact, it slightly increased) when the 2D:4D ratio was 
controlled for (not shown). This means that the effects of 
toxoplasmosis on the 2D:4D ratio and perceived domi-

nance are independent (i.e. some Toxoplasma-infected 
men have both decreased 2D:4D ratio and increased per-
ceived dominance but some have either decreased 2D:4D 
ratio or increased perceived dominance). Therefore, our 
results provide a new indirect support for the assumption 
that testosterone may be implicated in the personality 
and behavioral differences between Toxoplasma-infected 
and Toxoplasma-free subjects. 

The testosterone hypothesis of toxoplasmosis-associ-
ated behavioral shifts does not specify whether subjects 
with a higher testosterone level are more prone to Toxo-
plasma infection or whether the increased testosterone 
level is a result of Toxoplasma infection. Here, we used 
a cross-sectional design, and therefore we cannot decide 
between these two possibilities. At face value, the lower 
2D:4D ratio in Toxoplasma-infected subjects (a feature 
supposedly formed during the early embryonic stage) 
supports the former hypothesis while the higher per-
ceived dominance of infected men (a trait that reflects 
the testosterone level at the adolescent age) is rather 
consistent with the latter one. However, it must be kept 
in mind that prenatal and postnatal testosterone levels 
could be correlated [36]. Therefore, subjects with higher 
perceived dominance (and with higher postnatal testos-
terone levels) are also more likely to have higher prenatal 
testosterone levels (and therefore a lower 2D:4D ratio). 
moreover, the recently published data suggest that the 

Figure 1. Difference in perceived dominance (left) and masculinity (right) between Toxoplasma-infected and Toxoplasma-
free male students. The dominance and masculinity are expressed in z-scores, the small squares, boxes, whiskers and 
circles denote means, standard errors, standard deviations and outliers, respectively. 
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2D:4D ratio varies during postnatal life and therefore, at 
least theoretically, could be influenced by (toxoplasmosis 
induced) increased testosterone levels [24,40]. It might 
indicate that perceived dominance, as well as several 
other psychological traits [8,20] is related to the 2D:4D 
ratio for the right hand, while toxoplasmosis is associated 
with a lower left hand 2D:4D ratio. One possible explana-
tion of this pattern, rather speculative indeed, could be 
that the right hand 2D:4D ratio reflects more the prenatal 
testosterone levels, while the left hand 2D:4D ratio is 
rather linked to postnatal testosterone levels (and thus 
is more prone to be influenced by environmental factors, 
including Toxoplasma infection). 

Toxoplasma gondii is known to manipulate the behav-
ior [9,10,13,19] and sex ratio [16] of its hosts (rodents, 
under natural conditions), thus possibly increasing the 
probability of its transmission to definitive hosts, the cats. 
There are both indirect and direct indices that dopamine 
plays an important role in the observed behavioral 
changes in rodents [34,37] and possibly also in humans 
[12,26,35]. The increased testosterone level could be ei-
ther a product of increased dopamine level [6,14,38]] or 
a second independent mechanism of manipulation of the 
intermediate host’s behavior. Testosterone may also be a 
byproduct of other, possibly pathogenic, activities of the 
parasite in the body of infected hosts or may be involved 
in the manipulation of the host immune response. It is 
known that high concentrations of steroid hormones have 

immunosuppressive effects [30,32] and some parasitic 
species, e.g. Taenia crassiceps, can manipulate the level of 
these hormones to increase their chance of surviving in 
the hostile environment of the host body [18].

At present, three independent lines of evidence, i.e. 
a lower 2D:4D ratio, higher body height and higher 
perceived dominance, suggest that Toxoplasma infected 
men have a higher level of testosterone. Unfortunately, all 
three lines are only indirect. In the future, it is critically 
needed to obtain direct (biochemical) evidence of in-
creased testosterone levels in infected men. moreover, the 
testosterone hypothesis deals with proximate mechanism 
of behavioral changes observed in Toxoplasma-infected 
subjects. To reveal the causality relations between the 
toxoplasmosis and testosterone, it will be important to 
measure testosterone concentrations in experimentally 
infected laboratory animals to show whether elevated 
testosterone levels are a consequence of infection or only 
increase the chance of acquiring Toxoplasma infection. 
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Figure 2. Composite photographs of 18 Toxoplasma-free (a) and 18 Toxoplasma-infected students (b)
(In all reported tests, the original photographs of students, and not these composite photographs, were rated.)
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