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Abstract Toxoplasma gondii is a unique intracellular

parasite, which infect a large proportion of the world pop-

ulation, but uncommonly causes clinically significant dis-

ease. The present study was performed to estimate the

prevalence of toxoplasmosis in 400 apparently healthy blood

donor males, their ages were between 18 and 57 years using

enzyme linked immunosorbent assay, and to examine the

effects of infection on total testosterone, free testosterone

and follicle stimulating hormone (FSH) levels in their sera.

Seroprevalence showed 10 (2.5 %) and 121 (30 %) of them

had IgM and IgG antibodies respectively. Both acute and

chronic toxoplasmosis in males recorded higher significant

(P\ 0.05) mean concentration for total and free testoster-

one hormone, they were 12.188 ± 0.73, 7.837 ± 0.52 ng/

ml and 44.121 ± 1.76, 27.984 ± 0.94 pg/ml respectively.

The mean concentration of FSH revealed non-significant

(P\ 0.05) differences in both disease activities, they were

6.41 ± 0.47 and 6.515 ± 0.51 IU/ml respectively.
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Introduction

Toxoplasmosis is a zoonotic disease caused by the proto-

zoan parasite Toxoplasma gondii, human and other warm

blooded animals are its hosts (Steven et al. 2008). Humans

may remain infected for life and will stay asymptomatic

unless immunosuppression occurs (Herrmann et al. 2010).

Primary infection of toxoplasmosis in immunocompetent

subject is usually asymptomatic or associated with self

limited symptoms such as fever, malaise, and cervical

lymphadenopathy. Infection acquired during pregnancy is

frequently associated with transmission of T. gondii to the

fetus, resulting in congenital disease. In immunocompro-

mised patients, T. gondii infection causes severe manifes-

tation, including splenomegaly, chorioretinitis,

pneumonitis, encephalitis, multisystem organs failure, and

even death (Montoya and Liesenfeld 2004). There is con-

siderable evidence that steroid hormones affect the course

of toxoplasmosis in humans and mice. Henry and Beverley

(1976) demonstrated the differences in the immune and

inflammatory responses of male and female mice following

infection with T. gondii. In these studies, female mice

developed more severe brain inflammation than male mice

following infection. Moreover, a direct role for sex hor-

mones was demonstrated in experiments which found that

gonadectomy increased resistance, whereas estrogen

administration exacerbated disease in mice. Similarly,

simultaneous gonadectomy and estrogen treatment predis-

posed guinea pigs to increased parasite burdens compared

with non treated control animals (Kittas and Henry 1980).

The prevailing hypothesis for immunological differences

between the sexes is that sex hormone, in particular, tes-

tosterone, 17 b-oestradiol, and progesterone, influences the

immune system. The localization of sex hormone receptors

in immune cells, including lymphocytes, macrophages,

granulocytes, and mast cells, illustrates that there are direct

connections between the endocrine and immune systems

and that endocrine factors can directly modulate the

expression of target genes in immune cells (Oktenli et al.

2004).This study was aimed to investigate any relationship

between toxoplasmosis (Acute, chronic) and sex hormonal
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disturbances in male patients such as testosterone (total,

free) and follicle stimulating hormone (FSH) levels.

Materials and methods

Blood samples were collected from 400 apparently healthy

blood donor males; their ages were between 18 and

57 years. They were attended the National blood transfu-

sion center in Baghdad between October 2011 and January

2012.

Before collection of samples, an information sheet was

prepared and designed according to a questionnaire which

covers different Information. 5 ml of venous blood were

drown from redial vein from each person by using dis-

posable syringe, blood was placed in plain tubes and cen-

trifuged at 3,000 rpm for 10 min. Sera were dispensed into

five eppendorf tubes by using micropipette and stored at

-20 �C until serological and hormonal tests were

performed.

Detection of anti-T. gondii antibody (IgG) and (IgM)

by (ELISA) technique

Measurements of IgG and IgM antibodies were performed

and interpreted according to the direction of the manu-

facturer of bioCheck Toxoplasma IgG ELISA (BC-1085)

kit and bioCheck Toxoplasma IgM ELISA (BC-1087) kit

respectively.

Purified T. gondii antigen is coated on the surface of

micro wells. Diluted patient serum was added to the wells,

and the T. gondii IgG-specific Ab, if present, will bind to

the Ag. All unbound materials were washed away. Horse

radish peroxidase (HRP) conjugate is added, which binds

to the Ab–Ag complex. Excess HRP-conjugate is washed

off and solution of tetra methyl benzidine reagent was

added. The enzyme conjugated catalytic reaction is stopped

at a specific time. The intensity of the color generated is

proportional to the amount of IgG-specific Ab in the

sample. The results were read by ELISA reader.

Estimation of serum total testosterone hormone levels

by ELISA technique

The Monobind Testosterone Enzyme Immunoassay USA

Test kit (3725-300) was used. The quantitative determi-

nation of total concentration in human sera by microplate

Enzyme Immunoassay was done according to the manu-

facturer’s instructions.

A dose response curve is used to ascertain the concen-

tration of testosterone hormone in unknown specimens.

1. The absorbance obtained from the printout of the

microplate reader was recorded.

2. The absorbance for each duplicate serum reference

versus the corresponding testosterone concentration

in ng/ml on linear graph paper was plotted.

3. The best-fit curve through the plotted points was

drawn.

4. To determine the concentration of testosterone for an

unknown, the average absorbance of the duplicates

for each unknown was located on the vertical axis of

the graph, and the concentration (in ng/ml) from the

horizontal axis of the graph was read (Fig. 1).

Estimation of serum free testosterone hormone levels

by ELISA technique

DiaMetra Italy kit (DKO-015) was used for determination

of free testosterone hormone concentration in human sera

according to the manufacturer’s instructions. The mean

value of absorbance of the standards against concentration

was plotted. The best fit curve through the plotted points

was drew.

The values of the samples on the standard curve were

interpolated to obtain the corresponding values of the

concentration expressed in pg/ml (Fig. 2).

Estimation of serum FSH levels by ELISA technique

Monobind USA kit (425-300) was intended, the quantita-

tive determination of follicle stimulating hormone con-

centration in human serum by a microplate

immunoenzymometric assay (IEMA/ELISA) was done

according to the manufacturer’s instructions.

A dose response curve is used to ascertain the concen-

tration follicle stimulating hormone in unknown

specimens.

1. The absorbance obtained from the printout of the

microplate reader was recorded.

Fig. 1 Standard curve of total testosterone concentration
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2. The absorbance for each duplicate serum reference

versus the corresponding FSH concentration in IU/ml

on linear graph paper was plotted.

3. The best-fit curve through the plotted points was

drawn (Fig. 3).

Statistical analysis

Statistical analysis system-SAS (2004) program was used

to effect of treatment in parameters study. Chi square test

was used in significant compare between percentages.

Least significant effect-LSD test was used to significant

compare between means.

Results

The current study showed the actual percentage of toxo-

plasmosis in male blood donors attending the National

blood transfusion center in Baghdad using ELISA IgM and

IgG. Out of 400 male blood donors 10 (2.5 %) had acute

toxoplasmosis characterized by the presence of positive

IgM antibodies, while 121 (30.25 %) of them had chronic

toxoplasmosis characterized by the presence of positive

IgG antibodies only. There were highly significant differ-

ences between them (P\ 0.01; Table 1).

Male blood donors infected with toxoplasmosis had a

highest significant differences (P\ 0.05) in the mean

concentration of serum TTH and FTH hormones in both

disease activities in comparison to the control group.

Patients with acute toxoplasmosis scored a mean concen-

tration values of 12.188 ng/ml and 44.542 pg/ml for both

hormones respectively, while patients with chronic toxo-

plasmosis scored 7.837 ng/ml and 27.984 pg/ml respec-

tively. However FSH hormone showed non-significant

difference (P\ 0.05) for the mean concentration between

acute and chronic toxoplasmosis patient (Table 2).

The current results revealed that acute infected patient

with toxoplasmosis at the age group of 18–25 years

showed the lowest mean concentration of both TTH and

FTH hormones 1.750 ng/ml and 2.658 pg/ml respectively.

They characterized by the absence of hair from the faces of

all patients as well as patients with chronic toxoplasmosis

at this age group scored the lowest mean concentration of

both TTH and FTH hormones 1.996 ng/ml and 2.516 pg/

ml respectively. They also characterized by few hair in

their faces of 22 (73.33 %) patients while the other eight

(26.66 %) showed thick hair in their faces (Table 3).

On the other hand the age group of 26–33 years has

approximately the highest mean concentration 16.464 ng/

ml and 62.161 pg/ml respectively for both TTH and FTH

with the acute toxoplasmosis and characterized by normal

hair abundance, also patient with chronic toxoplasmosis at

this age group scored the highest mean concentration of

both TTH and FTH 12.624 ng/ml and 45.003 pg/ml

respectively. They were characterized by thick hair faces of

25 (83.33 %) patients while the other five (16.66 %)

showed a few hair in their faces (Table 3).

According to the marital status and fertility the present

results showed that male blood donors infected with acute

toxoplasmosis had a significant difference between married

and unmarried patients in the amount of hormones levels

(P\ 0.05). The mean concentration of TTH and FTH

hormones in married patients was (6.982 ng/ml) and

62.474 ng/ml respectively compared to 17.394 and

25.768 ng/ml in unmarried patients respectively and the

result revealed that fertile married patients had significantly

higher level of TTH (11.72 ng/ml) than infertile one

(2.244 ng/ml) as well as the FTH hormone, fertile male

patients had higher mean concentration (64.424 pg/ml) in

comparison to infertile one (60.524 pg/ml) (Table 4). On

the other hand patients infected with chronic toxoplasmosis

showed different results between married and unmarried in

the amount of hormones levels. The mean concentration of

TTH and FTH hormones in married patients was 2.372 ng/

ml and 52.468 pg/ml respectively, compared to 13.302 and

3.5 ng/ml in unmarried patients respectively. The result

Fig. 2 Standard curve of free testosterone concentration

Fig. 3 Standard curve of follicle stimulating harmone concentration
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revealed that fertile married chronic patients had moder-

ately higher mean concentration of TTH (2.5 ng/ml) in

comparison to infertile (2.244 ng/ml) while chronic fertile

infected patients had higher mean concentration of FTH

(60.524 pg/ml) in comparison to infertile one (44.412 pg/

ml) (Table 4).

The present results showed that male blood donors

infected with toxoplasmosis had a normal mean

concentration of serum FSH hormone in both disease

activities in comparison to the control group, as shown in

Table 2.

The mean concentration of FSH according to the age

group and hair abundance (mustache and beard) in the

faces of the current subject revealed that acute infected

patients at the age group of 18–25 years showed the

highest mean concentration of FSH hormone (7.734 IU/

ml). This characterized by the absence of hair from the

Table 1 Percentage distribution of males infected with toxoplasmosis by ELISA IgG and IgM test

Test ELISA test v2

Positive Negative Total

Subject N % N % N %

IgG 121 30.25 279 69.75 400 100 10.363**

IgM 10 2.50 390 97.50 400 100 12.826**

** P\ 0.01

Table 2 The mean concentration of hormones (total testosterone, free testosterone and FSH) in sera of males infected with toxoplasmosis

Subject No. Follicle stimulating hormone

(FSH) (IU/ml)

Free testosterone hormone

(FTH) (pg/ml)

Total testosterone hormone

(TTH) (ng/ml)

Acute toxoplasmosis patients

with(IgM)

10 12.188 ± 0.73 44.121 ± 1.76 6.410 ± 0.47

Chronic toxoplasmosis patients

with(IgG)

121 7.837 ± 0.52 27.984 ± 0.94 6.515 ± 0.51

Control 30 6.455 ± 0.48 18.375 ± 0.78 6.780 ± 0.61

LSD Value – 3.812* 12.683* 1.679 NS

Hormonal values: mean ± SD

NS non-significant

* P\ 0.05

Table 3 The mean concentration of (TTH and FTH) in sera of patients with acute and chronic toxoplasmosis according to age group and hair

abundance

Age group Acute patients Hair abundance Chronic patients Hair abundance

TTH (ng/ml) FTH (pg/ml) Form No. (%) TTH (ng/ml) FTH (pg/ml) Form No. (%)

18–25 1.75 ± 0.03 2.65 ± 0.0 No hair 3/3

100

1.99 ± 0.02 2.51 ± 0.08 Few thick 22/30–8/30

73.33–26.66

26–33 16.46 ± 1.79 62.16 ± 4.64 Thick-few 1/2–1/2

50

12.62 ± 1.26 45.0 ± 3.85 Thick few 25/30–5/30

83.33–16.66

34–41 14.06 ± 1.63 48.26 ± 3.51 Thick 2/2

100

10.75 ± 1.19 43.48 ± 3.69 Thick 29/29

100

42–49 11.40 ± 1.42 55.13 ± 4.69 Thick 1/2

100

11.68 ± 1.36 44.96 ± 4.17 Thick few 20/25–5/25

80–20

50–57 17.26 ± 2.04 52.38 ± 3.93 Thick 2/2

100

2.12 ± 0.09 3.96 ± 0.06 Few thick 6/7–1/7

85.7–14.28

LSD value 5.72* 16.42* – – 4.947* 14.87* – –

Hormonal values: mean ± SD

* P\ 0.05
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faces of all patients, as well as patients with chronic

toxoplasmosis at this age group which scored the highest

mean concentration of FSH hormone (7.121 IU/ml) and

characterized by few hair in face of 22 (73.33 %) patients,

while the other eight (26.66 %) showed thick hair

(Table 5).

On the other hand the age group of 26–33 years showed

lower mean concentration (5.252 IU/ml) of FSH with the

acute toxoplasmosis and characterized by normal hair

abundance. However, patient with chronic toxoplasmosis at

this age group scored the lowest mean concentration of

FSH (6.162 IU/ml) which characterized by thick hair

abundance on faces of 25 (83.33 %) patients while the

other five (16.66 %) showed a few hair in their faces

(Table 5).

According to the marital status and fertility the present

results showed that male blood donors infected with acute

toxoplasmosis had non-significant differences (P\ 0.05)

between married and unmarried patients in hormones lev-

els. Fertile married patients had lower level of FSH

(5.78 IU/ml) than infertile one (7.20 IU/ml) (Table 6). On

the other hand, patients infected with chronic toxoplas-

mosis also showed non-significant differences (P\ 0.05)

in the amount of FSH hormone. The mean concentration of

FSH hormones in married patients was (6.72 IU/ml)

compared to (6.31 IU/ml) in unmarried patients, and the

result revealed that fertile married patients had a lower

mean concentration of FSH (6.18 IU/ml) in comparison to

infertile (7.26 IU/ml) (Table 6).

Table 4 The mean concentration of (TTH and FTH) in sera of patients with acute and chronic toxoplasmosis according to marital status and

fertility

Marital status and fertility Acute patients Chronic patients

TTH (ng/ml) FTH (pg/ml) No. (%) TTH (ng/ml) FTH (pg/ml) No. (%)

Married 6.98 ± 0.08 62.74 ± 2.73 7/10

70

2.37 ± 0.06 52.46 ± 2.47 101/121

83.4

Un-married 17.39 ± 0.85 25.76 ± 0.92 3/10

13.3

13.30 ± 0.75 3.50 ± 0.06 20/121

16.5

Fertile 11.72 ± 0.73 64.42 ± 2.81 5/7

71.4

2.50 ± 0.05 60.52 ± 2.71 31/101

30.6

Infertile 2.24 ± 0.03 60.52 ± 2.07 2/7

29.5

2.24 ± 0.06 44.41 ± 1.83 70/101

69.3

LSD value 5.80* 11.65* 9.48* 4.37* 12.74* 12.92*

Hormonal values: mean ± SD

* P\ 0.05

Table 5 The mean concentration of FSH in sera of patients with acute and chronic toxoplasmosis according to the age group and hair abundance

Age group Acute patients Hair abundance Chronic patients Hair abundance

FSH (IU/ml) Form No. (%) FSH (IU/ml) Form No. (%)

18–25 7.734 ± 0.52 No hair 3/3

100

7.121 ± 0.50 Few-thick 22/30–8/30

73.3–26.6

26–33 5.252 ± 0.18 Thick-few 1/2

50

6.162 ± 0.45 Thick-few 25/30–5/30

83.3–16.6

34–41 5.521 ± 0.21 Thick 2/2

100

6.432 ± 0.42 Thick 29/29

100

42–49 7.411 ± 0.49 Thick 1/1

100

6.241 ± 0.52 Thick-few 20/25–5/25

80–20

50–57 6.132 ± 0.17 Thick 2/2

100

6.619 ± 0.41 Few-thick 6/7–1/7

85.7–14.2

Total 32.050 ± 1.65 – – 32.575 – –

LSD value 2.872 NS – – 2.089 NS – –

Hormonal values: mean ± SD

NS non-significant
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Discussion

Out of 400 apparently healthy males, only 10 (2.5 %) have

acute toxoplasmosis, while 121 (30.25 %) of them have

chronic toxoplasmosis. This result was in line with previ-

ous result obtained by Jassam (2010) who recorded 6 (6 %)

and 49 (49 %) for acute and chronic toxoplasmosis infec-

tions in males respectively. Toxoplasmosis is asymptom-

atic disease. However, it may cause severe complications

in pregnant women and immunocompromised patients

(Espinoza 2005). Accordingly, Klien (2004) showed that

immunological differences exist between the sexes, and

genetic and behavioral differences may explain some var-

iability in response to infection.

The present study showed that Toxoplasma infected men

had a higher concentration of testosterone than Toxoplasma

free controls. This result was in agreement with previous

study by (Flegr et al. 2008). High concentrations of TTH

and FTH have immunosuppressive effects characterized by

lower cellular immunity (Roberts et al. 2001). Moreover, it

is possible that men with increased levels of testosterone

had greater chance of being infected by toxoplasmosis

either due to impaired immunity or due to changed

behavior and personality profile. Their tendency to disre-

gard rules of their society which can result in lower

hygienic standards and, corresponding increased risk of

contact with a source of infection (Kanková et al. 2011).

On the other hand Flegr et al. (2008) showed that Toxo-

plasma infected men had a higher concentration of tes-

tosterone while women had a lower concentration in

comparison to control group. He explained such opposite

direction of the testosterone shift in men compared to

women to the gender specificity of behavioral shifts in

Toxoplasma infected subjects. The current result was fit

with James (2010) idea that hypothesized that many para-

sites and pathogens change the concentration of steroid

hormone and he showed that infected hosts which often

result in a shift in the sex ratio, namely the increase of

proportion of males in the offspring. Recently, a dis-

agreement result with a previous study by Kanková et al.

(2011) whom observed a decreased in testosterone levels

(TTH and FTH) in both laboratory female and male mice

infected with virulent strain of Toxoplasma at a latent

phase in comparison to uninfected controls. This dis-

agreement may result from the type of parasite strain,

which differs in virulence and epidemiological pattern of

occurrence (Peyron et al. 2006). Thus, the parasite geno-

type appears to be an important factor influencing the

outcome of clinical illness in human (Vallochi et al. 2005).

Oktenli et al. (2004) showed that acute Toxoplasma

infection may cause temporary hypogonadotropic gonadal

insufficiency regardless of the cause of the disease. Toxo-

plasmosis is one of classical conditions known to have

profound adverse effect on human reproductive function

(Zighelboim et al. 1968). Experimental evidence has

established that mice undergo acquired hypogonadotropic

hypogonadism secondary to hypothalamic dysfunction

after chronic infection with T. gondii (Antonios et al.

2000). In addition; male patient was previously reported

with transient hypogonadotropic and hypogonadism due to

Toxoplasma infection (Oktenli et al. 2001). Hypogonadal

patients present with the classic signs and symptoms of

androgen deficiency, complaining of decreased libido or

decreased frequency of shaving. Theoretically low testos-

terone levels cause loss of libido, reduced beard and body

hair growth (Oktenli et al. 2004). This result in line with

the current data, the age group of 18–25 years showed the

lowest mean concentration of testosterone levels accom-

panied with reduced beard and mustache from most

patients. Spartt et al. (1992) suggested that primary hypo-

gonadism occurs in acute illness. Second hypogonadism in

mean with critical illness, surgery (Wang et al. 1978) or

respiratory failure (Semple et al. 1981) is attributed to

hypogonadotropism. Reproductive axis suppression in

acute illness is related to disease severity (Dong et al.

1992).

Abbasian (2011) showed significant correlation between

Toxoplasma infection and testosterone increase in men.

However Shirbazou et al. (2011) demonstrated that there is

a significant correlation between increased of these

Table 6 The mean concentration of FSH in sera of patients with acute and chronic toxoplasmosis according to marital status and fertility

Marital status and fertility Acute patients Chronic patients

FSH (IU/ml) No. % FSH (IU/ml) No. %

Married 6.49 ± 0.12 7 70.00 6.72 ± 0.09 101 83.47

Un-married 6.33 ± 0.08 3 30.00 6.31 ± 0.09 20 16.52

Fertile 5.78 ± 0.09 5 71.43 6.18 ± 0.07 31 30.64

Infertile 7.20 ± 0.15 2 29.56 7.26 ± 0.09 70 69.30

LSD Value 2.734 NS – 11.64* 2.264 NS – 13,219*

Hormonal values: mean ± SD

* P\ 0.05
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hormone levels and their complication such as hair

reduction and hairiness. The other age groups showed high

levels of both hormone with normal hair abundance (thick

mustache and beard) in both disease activity (acute and

chronic).This is result accepted especially when this hor-

mones responsible for the growth of body hair (Mooradian

et al. 1987), since high concentration of TTH correlated

with high hair growth. Previously the increased level of

testosterone in men explained by positive association

between testosterone and dopamine (Hull et al. 2004) and

that can increase in response to local inflammatory pro-

cesses in the infected brain (Flegr et al. 2007). The mean

concentration of TTH and FTH decreased at the age group

50–57 years, it was 2.126 ng/ml and 3.966 pg/ml, respec-

tively, in chronic infected patients due to the normal

decline of testosterone hormone with age. This probably

happened due to the normal decline with age and this drop

in testosterone is partially responsible for the significant

physiologic changes seen in aging men (Bassil et al. 2009).

There is little information about the possible involving of

T. gondii in the pathogenicity of male infertility. Previously,

Zhou et al. (2002) found that Toxoplasma infection in

infertile human couples was higher than that in fertile cou-

ples, possibly related to the anti-sperm antibodies which

were higher in Toxoplasma infected couples. This explana-

tion concerned with this study that showed the most chronic

Toxoplasma infected patients scored in infertile patient

(n = 70) 69.30 %. As well as Qi et al. (2005) investigated

100 cases of man’s sterility, 36 % of them were serologi-

cally Toxoplasma-IgG, IgM positive and concluded that T.

gondii infection may affect man’s fertility and cause steril-

ity. In addition Lu et al. (2005) found pathological changes

in the testes, epididymis, vas deferens, prostate and thalamus

of male mice with experimentally induced acute T. gondii

infection and they concluded that acute infection can cause

infertility; also, Sun et al. (2008) concluded that acute T.

gondii infection can affect the reproductive function of

experimentally infected male mice.

Dongmei et al. (2005) investigated that apoptosis of

spermatogenic cells happened in all different people (fertile

and infertile) males, and there was a negative correlation

between apoptosis rate and sperm density percentage of

forward motility. There is very close relationship between

sperm apoptosis and male infertility. Thus, Toxoplasma

infection may cause the apoptosis of spermatogenic cells.

Toxoplasma infected men had equal concentration of

FSH with Toxoplasma free controls. This result was in

agreement with previous result by Makker et al. (2009).

While other study by Bopple et al. (2008) demonstrated a

disagree result characterized by a significant increase of

FSH (P\ 0.05), LH (P\ 0.05) and prolactin (P\ 0.01)

levels in Toxoplasma infected patients men when

compared with the control group, and he explained this

increase to impaired feedback of anterior pituitary by

leydig cells.

Khan et al. (1999) demonstrated the elevated levels of

FSH and LH with decreased levels of free and total tes-

tosterone in the Toxoplasma infected men. This finding

agreed with the present result only in this age group while

other age groups disagreed with this finding. Babu et al.

(2004) had reported elevated levels of FSH and LH hor-

mones with low testosterone concentration in toxoplas-

mosis patients and they attributed this finding with a

primary hypogonadism that showed in those patients.

Primary hypogonadism involves failure of the testes to

respond to FSH and LH, when primary hypogonadism

affects testosterone production, testosterone is insufficient

to inhibit production of FSH and LH here FSH and LH

levels are elevated (Alwachi 2003).

Patients with 26–33 years showed lower mean concen-

tration of FSH in both disease activities. These results

disagreed with AL-Karboli (2011) who revealed that no

significant difference found in FSH hormonal level and

impact of age of Toxoplasma infected patients in compar-

ison to control. This disagreement results may related to

the different age group limits used in both studies or to the

different hormonal kits used.

Fertile men had lower FSH levels than infertile men

infected with toxoplasmosis. This result agreed with

Andersen et al. (2004). FSH, LH and testosterone hor-

mones are prime regulators of germ cell development. The

quantitative production of spermatozoa generally requires

the presence of FSH, LH and testosterone (Anderson et al.

1997). The role of FSH for the initiation of spermatogen-

esis is more important for female than for male fertility

(Radu et al. 2010).
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