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BACKGROUND: In September 2002, an outbreak of toxoplasmosis was noted in a male boarding high school on
the Aegean coast of Turkey. We have focused our efforts to investigate the sex hormones in this population.
METHODS: Blood samples were collected from 40 male patients, 17-18 years old, who also had positive titres of
antibody to Toxoplasma gondii. Serum FSH, LH, free testosterone (FT), total testosterone (TT), interferon-y (IFN-y),
interleukin-1f§ (IL-1B) and macrophage-inflammatory protein-l1o. (MIP-10t) concentrations were measured in all
patients and 20 control subjects. Initially, the patients were divided on the basis of the levels of sex hormones into
the following groups: patients who had normal sex hormone levels (n = 31) as group A and patients with low sex
hormone levels (n = 9) as group B. RESULTS: IL-1p levels were found to be higher in group B patients than group
A. The levels of IL-1f correlated significantly in a negative manner with FSH, LH, FT and TT in all patients

with acute toxoplasmosis (n = 40). CONCLUSIONS: Acute toxoplasma infection may cause temporary
hypogonadotrophic gonadal insufficiency regardless of the course of the disease.
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Introduction

Toxoplasmosis, a worldwide infection caused by the obligatory
intracellular coccidian Toxoplasma gondii, is usually acquired
through the ingestion of raw or undercooked meat or by
contamination by oocysts present in the faeces of cats infected
with the parasite (Bowie et al., 1997). During the acute stage of
the infection, tachyzoites quickly proliferate within a variety of
nucleated cells and spread throughout host tissues (Suzuki,
2002). The acute infection/disease is caused by this form of the
parasite. The clinical manifestations of toxoplasmosis results
from direct tissue destruction by the parasite, but inflammatory
cytokine-mediated immunopathological changes may also
contribute to disease progression (Sarciron and Gherardi,
2000).

In immunocompetent individuals, the immune system
controls multiplication of the parasites and stops its dissem-
ination, and the severity of disease closely correlates with the
immune status of the infected person (Beaman er al., 1992).
Therefore, immunocompetent adults and adolescents with
primary infection are usually either asymptomatic or pauci-
symptomatic. Symptoms may include mild malaise, fatique,
fever, and lymphadenopathy (Krick and Remington, 1978).

Symptoms, if present, usually resolve within a few months and
rarely persist beyond 12 months. These symptoms are also self-
limited, and specific treatment for non-pregnant adults and
adolescents is not required unless they are immunodeficient.
Outbreaks of toxoplasmosis involving more than a single
family or small group are infrequent (Kean et al., 1969;
Teutsch et al., 1979; Benenson et al., 1982).

Toxoplasmosis is one of the classical conditions known to
have a profound adverse effect on human reproductive
functions (Zighelboim et al., 1968; Pal et al., 1975).
Experimental evidence has established that mice undergo
acquired hypogonadotrophic hypogonadism secondary to
hypothalamic dysfunction after chronic infection with
T. gondii (Stahl et al., 1985, 1994; Antonios et al., 2000). In
addition to this, a male patient was previously reported with
transient hypogonadotrophic hypogonadism due to toxoplasma
infection from our centre (Oktenli et al., 2001). Furthermore, it
has been recently reported that children with congenital
toxoplasmosis have a high frequency of precocious puberty
(Setian et al., 2002). Although previous reports suggest that
toxoplasma infection may cause transient hypogonadotrophic
hypogonadism, no detailed analysis has been conducted in
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humans. In September 2002, an ongoing outbreak of
toxoplasmosis was noted in a male boarding high school.
This population offers a unique opportunity to study any likely
adverse effects of toxoplasmosis infection on male reproduct-
ive function.

Materials and methods

Case selection and description

Initially, 171 of 1797 male students (5/428 freshmen, 9/427
sophomores, 148/516 juniors, and 9/426 senior students) in a male
boarding high school were found to be positive for mild symptoms of
acute toxoplasma infection, in September 2002. As immunocompetent
adults and adolescents with primary infection are generally
asymptomatic, and these cases largely go unrecognized, the exact
date of onset of the infection remains unknown. However, exposure
probably took in place in late Summer of 2002. Symptomatic students
presented with mostly flu-like complaints (subfebrile fever, myalgia,
dizziness, headache) with lympadenopathy. No ocular lesion was
visualized upon fundoscopic examination by ophthalmologist in these
patients. All subjects were followed as outpatients; none was
hospitalized. Because all cases of acquired acute toxoplasmosis in
immunocompetent cases are self-limiting, specific drug therapy was
not required.

Blood samples were collected from 40 of 171 symptomatic patients
(who had all undergone age-appropriate normal puberty) aged 17-18
years old with a significant positive titre of antibody (IgM and IgG,
and strongly indicative IgG avidity) to 7. gondii. None of the patients
had hyposmia, anosmia, or a family history of hypogonadism. They
were of normal height for age. There was no significant history of any
drug use. The control group (n = 20) consisted of age-matched male
students, who had been living in the same school, and were ultimately
shown to have no remarkable IgM antibody or IgG avidity to 7. gondii.
All control subjects had a spontaneous pubertal development and their
physical and biochemical findings were within the normal limits. All
subjects were informed about the study and they gave their written
consent.

Design of the study

Initial fasting blood samples were collected from patients and controls
between 0800 and 0830 h after an overnight fast in September 2002,
additional samples were collected over a 9 month period. Sera were
stored at —80°C until parameters were measured. Serum FSH, LH, free
testosterone (FT), total testosterone (TT), sex hormone-binding
globulin (SHBG), interferon-y (IFN-y), interleukin-1B (IL-1B) and
macrophage-inflammatory protein-1o. (MIP-101) concentrations were
measured in all patients and control subjects.

In the beginning of the study, patients with acute toxoplasmosis
were divided based on the levels of sex hormones into the following
groups: patients who had normal sex hormone levels (z = 31) as group
A or patients with low sex hormone levels (n = 9) as group B. In group
B, the major complaint at presentation was impaired sexual
performance in three (33%) patients. Initially, each of these patients
had low FSH, LH and testosterone levels. Development of the penis
and scrotum, voice, musculature, and secondary sex hair were all
normal in these patients. The follow-up visits to the school were on a
periodic basis for serological, immunological and endocrinological
work-up. All symptomatic patients with lympadenopathy and fever
received no treatment for toxoplasmosis and their signs and symptoms
resolved spontaneously by the end of the year 2002.

In nine patients with low sex hormone levels initially, these
parameters were serially determined after 1 and 3 months of the study
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period. After the 3 months, five patients had normal sex hormone
levels, the remaining four patients who still had low sex hormone
levels were re-assessed in the 6th month. Gonadotrophin and
testosterone levels were also found to be low in the 6th month.
Furthermore, because hypogonadotrophic hypogonadism may be
caused by pituitary insufficiency or abnormalities within the
hypothalamus or higher brain centres, traditional dynamic test of a
bolus i.v. injection of 100 ug GnRH (GnRH bolus test) was applied to
these four patients in the 6th month. Cranial magnetic resonance
imaging (MRI) and hypophysis MRI were also performed. Finally, sex
hormone levels were determined in the 9th month and found to be
within normal limits.

Serological tests

Detection of specific I1gG and IgM antibodies

IgG antibodies to 7. gondii were detected by enzyme-linked
immunosorbent assay (ELISA) IgG (Equipar, Italy); specific IgM
titres were measured by an automatic assay (VIDAS TOXO IgM;
VITEK system, bioMérieux, Marcy—l’Etolie, France) and ELISA IgM
(Equipar, Italy).

Toxoplasma-specific IgG avidity test

IgG avidity was determined with the 7. gondii IgG avidity (Bouty
Beia, Italy). Values <15% indicated low avidity; values 15-25% were
considered borderline avidity; and values >25% were considered high
avidity.

Measurement of serum hormone concentrations

Serum LH, FSH and TT levels were determined by chemilumi-
nescence method using an automated hormone analyser Advia
Centaur (Bayer Corporation, USA). The intra- and inter-assay CV
were 2.6 and 2.3% for LH, 2.3 and 1.4% for FSH, 3.9 and 3.7%
for TT. Serum SHBG levels were determined by chemilumines-
cence method using an automated hormone analyser Immulite
1000 (DPC, UK). The intra- and inter-assay CV were 6.4 and
8.7% for SHBG. Serum free testosterone was determined by
analogue  radioimmunoassay method (Diagnostic  Systems
Laboratories, USA). The normal ranges in our laboratory are
1.4-18.1 TU/ for FSH, 1.5-9.3 IU/ for LH, 8.4-28.7 nmol/l for
TT, 39.9-147.5 pmol/l for FT, 13-71 nmol/l for SHBG.

Measurement of serum cytokine and chemokine concentrations

The levels of MIP-1at (Accucyte Human MIP-1a), IFN-y (Cytelisa,
Human IFN-y), and IL-1f (Cytelisa, Human IL-1p) in sera of patients
were measured by using enzyme immunoassay (EIA). All kits were
from Cytimmune Sciences Inc. (USA). The range of detection
was 0.195-50.0 ng/ml for MIP-1o and 8-500 pg/ml for both IFN-y
and IL-1B.

Statistical analysis

All of the statistical analyses were performed by SPSS 10.0 (SPSS
Inc., USA). Descriptive statistics are shown as arithmetic mean = SD.
After the tests of normality, the differences between the groups were
investigated with analysis of variance or Kruskal-Wallis test. We used
Tukey’s b or Mann—Whitney U-test for multiple comparisons.
Correlations between the sex hormones and immunological param-
eters were investigated by Spearman’s p-test. P < 0.05 was
considered statistically significant (Zar, 1996; Tabachnick and
Fidell, 2001).
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Table I. The mean levels and comparisons of parameters in patients (group A and group B) and controls (mean * SD)

Parameters Group A Group B Controls Group A versus control Group B versus control Group A versus group B
(n=31) (n=9) (n =20) z P z P z P

Age (years) 17.19 = 0.40 17.44 = 0.53  17.25 £ 044 0.245 NS 0.358 NS 0.399 NS
BMI (kg/m?)* 2248 = 1.12 2233 = 1.00 22.65 = 1.09 NS NS NS
Toxoplasma IgM*  3.88 = 1.14 400 = 1.03 053 = 0.13 5.996 < 0.001 4.301 < 0.001 0.308 NS
Toxoplasma 1gGP 495 = 091 450 = 1.08 043 = 0.14 5.992 < 0.001 4.276 < 0.001 1.022 NS
IFN-y (pg/ml)* 10.37 = 1.48 10.01 = 1.58  3.55 = 0.85 < 0.001 < 0.001 NS
IL-1B (pg/ml) 1337 = 446 3451 £9.74 353 £0.79 5984 < 0.001 4.249 < 0.001 4.326 < 0.001
MIP-1a (ng/ml)*  11.89 = 1.35 11.50 = 1.33  3.82 = 1.16 < 0.001 < 0.001 NS
FSH (IU/1) 8.21 * 1.31 0.71 = 0.11 8.19 £ 1.38 0.222 NS 4.251 < 0.001 4.522 < 0.001
LH (1u/1) 5.59 = 0.73 0.53 £ 0.07 558 = 0.67 0.251 NS 4.256 < 0.001 4.531 < 0.001
FT (pmol/l) 71.39 = 10.06 19.16 £ 1.52 69.93 = 9.61 0.405 NS 4.244 < 0.001 4518 < 0.001
TT (nmol/l) 17.29 = 1.38 457 £ 056 17.11 = 1.01 0.406 NS 4.248 < 0.001 4.522 < 0.001
SHBG (nmol/l)* 2540 = 448  28.94 * 6.44 2536 * 5.34 NS NS NS

In the beginning of the study, patients with acute toxoplasmosis were divided based on the levels of sex hormones into the following groups: patients who had
normal sex hormone levels (n = 31) as group A or patients with low sex hormone levels (n = 9) as group B.

aPositive >1; Ppositive >1.
*Analysis of variance with Tukey’s b as post-hoc test was used.

BMI = body mass index; SHBG = sex hormone-binding globulin; IFN-y = interferon-y; IL-1 = interleukin-13; MIP-10. = macrophage inflammatory protein-

lo; FT = free testosterone; TT = total testosterone; NS = not significant.

Results

Acute toxoplasmosis outbreak was confirmed by the presence
of anti-T. gondii antibodies by serological tests (ELISA IgG/
IgM) and significant IgG avidity results. Initially, all subjects
had lymphadenopathy in cervical/submandibular/retroauricu-
lar/suboccipital regions, ~1X1.5 cm in size. Four patients in
group A and two patients in group B had subfebrile fever.

The mean levels and comparisons of parameters in the
patient and control groups are shown in Table I. Age and body
mass index did not significantly differ between the groups.
Based on serological tests, all patients were seropositive for
T. gondii antibodies by ELISA IgG/IgM, whereas negative
results in both tests for IgM antibodies and IgG avidity
virtually ruled out the diagnosis of acute toxoplasmosis in
control subjects. Compared with control subjects, patients in
both group A and group B had elevated plasma concentrations
of IFN-y, IL-1B and MIP-1c.. The mean concentrations of
MIP-1o. and IFN-y were similar in group A and group B
patients, while IL-10 levels were found to be higher in group B
patients than group A. The mean levels of FSH, LH, FT and TT
were significantly lower in group B patients than both controls
and group A. SHBG levels did not differ significantly between
the groups.

The levels of IL-1P correlated significantly in a negative
manner with FSH (Figure 1a), LH (Figure 1b), FT (Figure 1c)
and TT (Figure 1d) in all patients (n = 40) with acute
toxoplasmosis (p =-0.505, P =0.001; p =-0.534, P <0.001; p
=-0.538, P <0.001 and p = -0.476, P = 0.002 respectively).

Initially, nine of 40 patients (22.5%) had lower levels of sex
hormones than normal. Chief symptom of these patients at
presentation was diminished sex drive and erection. After
1 month, sex hormone levels were still low in all patients in
group B. In the 3rd month, sex hormone levels reached normal
levels in five patients, while four patients still had low sex
hormone levels (Figures 2 and 3). In the 6th month, these
patients still had low levels (Figure 4). The pituitary secretion

of LH and FSH were normal in response to GnRH test at this
time (data not shown). Cranial magnetic resonance imaging
(MRI) and hypophysis MRI revealed no abnormal change in
these patients. We were also unable to identify any factors
typically known to impair GnRH secretion transiently in these
men, e.g. stress, strenuous exercise, or malnutrition.

In four students with prolonged suppression of sex hormone
levels, decreased libido and decreased frequency of shaving
were the only complaint so far. Both sexual function and sex
hormone concentrations have returned to normal in the 9th
month without any treatment (Figure 4).

Discussion

In the current study, we report several observations that further
our understanding of the abrupt effect of T. gondii infection on
human reproductive function. First, we demonstrate for the first
time that transient hypogonadotrophic hypogonadism in men is
not rare in Toxoplasma infection. This observation is in line
with previous results of experimental studies in animals (Stahl
et al., 1985, 1994; Antonios et al., 2000). In this context, Stahl
et al. demonstrated that Nya:NYLAR female mice undergo
acquired hypogonadotrophic hypogonadism secondary to
hypothalamic dysfunction within a few weeks after infection
with T. gondii (Stahl et al., 1985, 1994). They also suggested
that the edematous changes, particularly within the thalamus
and hypothalamus, may have caused malfunctioning of the
supra- and intrahypothalamic centres regulating the pulsatility
and the release of GnRH. Additionally, in a further experi-
mental study, the integrity of the pituitary—ovarian axis of
female mice chronically infected with 7. gondii was evaluated
by administering GnRH to stimulate the release of gonado-
trophins from the pituitary, then monitoring the secondary
effects on the ovary (Stahl ez al., 1995). The atrophied ovaries
of the infected mice were found to be responsive to single
injections of GnRH, thereby confirming the release of
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Figure 1. Correlations between interleukin-1f and (a) FSH; (b) LH; (c) free testosterone; (d) total testosterone (TT) in all patients with acute

toxoplasmosis (n = 40).

endogenous gonadotrophins from the pituitary. The authors
proposed that inadequate levels of the readily releasable pool
of pituitary gonadotrophins, indicated to result from a
hypothalamic inhibition of the pulsatile release of GnRH, are
responsible for the weak ovarian responses (Stahl et al., 1995).
Similar to these experimental studies, GnRH test indicated that
the primary defect in the patients with prolonged hypoandro-
genaemia was at the level of the hypothalamus rather than the
pituitary in the present study. Second, patients with toxoplas-
mosis had significantly higher levels of IL-1[, IFN-y and MIP-
1o than did the control subjects, a finding that is in accordance
with previous reports (Suzuki et al., 1988; Subauste and
Remington, 1991; Bliss et al., 1999). There is an extremely
complex interplay between 7. gondii and cells of the immune
system, cascades of cytokines and numerous other less defined
factors (Sarciron and Gherardi, 2000; Stahl er al., 2002).
Classically, infection with T. gondii triggers production of
proinflammatory cytokines, including IFN-y and IL-13 (Burke
et al., 1994; Gazzinelli et al., 1994; Alexander and Hunter,
1998; Nguyen et al., 2003). Likewise, up-regulated expression
of MIP-1a and MIP-1p gene transcripts is induced (Bliss et al.,
1999). Thus, it seems that 7. gondii possesses the ability to
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induce neutrophil proinflammatory cytokine production and
that parasite-induced MIP-1o. and MIP-1P partly result from
autocrine stimulation through TNF-o (Bliss ez al., 1999). In the
current study, however, at the recovery period, the levels of
IL-18, but not MIP-1o and IFN-y, are still high in patients with
hypogonadism. This may indicate the efficiency of immune
mechanisms and an induction of IL-1 not linked to parasitic
elements but instead to a cytokine network dysregulation.
Third, the increased levels of IL-1B in the patients with
hypogonadism, together with the correlation between IL-1
and sex hormones, led us to hypothesize a relevant patho-
physiological role of IL-1B in the development of transient
hypogonadotrophic hypogonadism. Cytokines have a number
of endocrine effects influencing the release of anterior pituitary
hormones (Jones and Kennedy, 1993; Ray and Melmed, 1997;
McCann et al., 1998). Moreover, cytokines are known to
suppress the hypothalamic—pituitary—gonadal (HPG) axis,
directly or indirectly through increased corticotrophin-releas-
ing hormone (CRH) and/or cortisol (Rivier et al., 1986).
Determining whether or not increased CRH and/or cortisol
contribute in part to HPG axis changes in our patients was not
an aim of the present study. In this context, acute administra-
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Figure 2. Effect of interleukin-1 on FSH and LH in group B
patients (n = 9).

tion of IL-1B into the lateral ventricle of castrated rats
selectively depressed serum LH concentrations (Kang et al.,
2000). This assumption was also supported by the fact that
microinfusion of IL-1B into the lateral ventricle of proestrus
rats reduces in vivo GnRH release from the median eminence
(Rivest and Rivier, 1993). Furthermore, IL-1f injected into a
lateral ventricle of 3 week-castrated female rats resulted in the
expected decrease in serum levels of LH and FSH, accompan-
ied by a decrease in the number of GnRH receptors (Dondi
et al., 1998). These results may indicate that the inhibition of
gonadotrophin release may result from a decrease in the
number of GnRH pituitary receptors either through a direct
effect on the pituitary or by modulating the release of GnRH
from hypothalamic neurons able to induce a reduction in
pituitary GnRH receptors (Dondi et al., 1998). In summary,
IL-1B-induced modulation of hypothalamic GnRH release, and
probably synthesis, is mediated by augmented release of the
neurotransmitters, norepinephrine and dopamine from neurons
in the brain stem and hypothalamus that are inhibitory to GnRH
(Shintani et al., 1993; Kalra et al., 1998).

Encephalitis is the most important complication of toxo-
plasmosis in immunosuppressed patients as it causes the most
severe damage to the patient (Renold et al., 1992; Luft et al.,
1993). In addition, direct pituitary or hypothalamic destruction
by T. gondii was reported in such patients (Milligan et al.,
1984). Interestingly, symptomatic central nervous system
toxoplasmosis and the involvement of the pituitary are not
rare during primary infection in immunocompetent hosts
(Townsend et al., 1975; Bach and Armstrong, 1983; Grant
and Klein, 1987; Zhang et al., 2002). The clinical syndrome of
toxoplasmic encephalitis is non-specific and may include both
focal and non-focal signs and symptoms of central nervous
system dysfunction (Hunter and Remington, 1994). However,
our patients had neither symptoms of toxoplasma encephalitis
such as headache, disorientation, drowsiness, reflex changes,
seizures, altered mental status, visual disturbances, loss of

Hypogonadotropic hypogonadism in toxoplasmosis
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Figure 3. Effect of interleukin-1B on free testosterone (FT) and
total testosterone (TT) in group B patients (n = 9).

consciousness or hemiparesis nor had MRI finding of any
lesion.

Acute illness of any cause has profound and abrupt effects
on the HPG axis. First, acute injury primarily leads to an
immediate and direct Leydig cell suppression (Van den Berghe
et al., 1998). Indeed, low serum testosterone concentrations
despite elevated LH levels have been documented during the
acute stress of surgery or myocardial infarction, whereas FSH
and inhibin levels remain normal (Wang et al., 1978; Dong
et al., 1992). Likewise, Spratt et al. (1992) suggested that
primary hypogonadism occurs in acute illness. Second,
hypogonadism in men with critical ilness (Wang et al., 1978;
Vogel et al., 1985; Woolf et al., 1985; Semple et al., 1987;
Christeff et al., 1988), surgery (Aono and Hurachi, 1972) or
respiratory failure (Semple et al., 1981) is attributed to
hypogonadotrophism. Furthermore, hypogonadotrophic hypo-
gonadism is usually reversible and presumably has a mechan-
ism involving hypothalamic control of GnRH secretion
(Semple et al., 1987). Reproductive axis suppression in acute
illness is related to disease severity (Dong ef al., 1992; Spratt
et al., 1993). In addition to the stress of the illness or injury
itself, accompanying factors such as medication, malnutrition,
weight loss and fever accentuate the decrease in gonadal
function. However, the patients with hypogonadism we studied
were not severely ill, and none had any drug known to suppress
the HPG axis. Additionally, in the present study, the degree of
impairment of reproductive function was not related to the
severity of disease based on clinical findings.

HPG dysfunction due to infectious agents such as
Trypanosoma brucei gambiense and Trypanosoma brucei
rhodesiense, the causative agents of human African trypano-
somiasis also known as sleeping sickness, were reported
previously (Hublart et al., 1988; Boersma et al., 1989; Reincke
et al., 1998). It is proposed that the dysfunction may be of
central origin (Hublart et al., 1988; Reincke et al., 1998).
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Figure 4. Serum sex hormone levels of patients with prolonged hypoandrogenaemia.

Despite the specific therapy, hypogonadism persisted for years
in a substantial portion of patients (Reincke et al., 1998). This
is only in part reversible after cure and most likely due to direct
parasitic infiltration and/or secondary inflammation causing
necrosis and/or fibrosis at the pituitary and gonadal levels
(Petzke et al., 1996). Furthermore, the presence of hypopitui-
tarism correlated with high cytokine concentrations (TNF-a.,
IL-6) which are involved in the pathogenesis of sleeping
sickness-associated endocrine dysfunction (Reincke et al.,
1998). In contrast to toxoplasmosis, sleeping sickness can
rapidly become life-threatening, and patients may have a
severe presentation (Lejon et al., 2003).

In the current study, hypogonadal patients present with the
classic signs and symptoms of androgen deficiency, complain-
ing of decreased libido or decreased frequency of shaving.
Theoretically, low testosterone levels cause loss of libido,
reduced beard and body hair growth. On the one hand, if the
onset of reproductive failure occurs before puberty, sexual
maturation will not occur, and the individual will acquire the
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clinical features termed eunuchoidism, including an increased
length of the arms and legs relative to the trunk because of
delayed epiphyseal fusion, and underdevelopment of the penis
and scrotum, voice, musculature, and secondary sex hair
(Oktenli et al., 2003). In the current study, however, the
patients with hypogonadism had normal spontaneous sexual
maturation and no evidence of eunuchoidism. On the other
hand, boys presenting with delayed puberty (failure to enter
puberty by age 14 years) are frequently hampered by a lack of
external signs of virilization as well as short stature (Sedlmeyer
and Palmert, 2002). Conversely, our hypogonadal patients are
of normal height for age. The previous initiation of shaving in
group B patients was also against this diagnosis. Furthermore,
sexual functions and sex hormone concentrations have been
restored to normal, without the need for any treatment.
Therefore, in the light of these findings, it appears that the
defect is acquired in our patients. Interestingly, some patients
with hypogonadism showed prolonged hypoandrogenaemia.
Recent studies have suggested that a variety of parasitic and
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host factors, as well as unrecognized cofactors, may influence
disease presentations in toxoplasmosis (Boothroyd and Grigg,
2002; Araujo and Slifer, 2003). Strain virulence, the size of
inoculum, the life cycle stage, duration exposure, and the route
of infection are important parasitic variables. Host variables
include competence of the immune response, integrity of
mucosal and epithelial barriers, and age at time of infection.
Meanwhile, differences in susceptibility based on genetic
background in men need further elucidation. Consequently,
cytokine-induced inflammatory reactions and edema in the
hypothalamic region seem to be the factors most responsible
for GnRH deficiency: central disruption of the pulsatile release
of hypothalamic GnRH, leading to inadequate pituitary prim-
ing, depletion of gonadotrophin reserves, and perturbation of
the release of gonadotrophins from the pituitary. This was
followed by gonadal insufficiency and the decline in serum
testosterone levels, and by the normal gonadotrophin responses
to exogenous GnRH.

In conclusion, acute toxoplasma infection may cause
temporary hypogonadotrophic gonadal insufficiency regardless
of the course of the disease. It seems likely that the influence of
IL-1P on hypothalamic—pituitary function plays an important
role in the development of transient hypogonadotrophic
hypogonadism. Furthermore, the observations presented here
support the previous clinical and experimental data that
cytokines, besides their prominent actions on immune func-
tions, can also be implicated in the normal and pathological
functioning of the endocrine system. However, at present, the
following needs to be further clarified: the other cytokines
involved, and their mechanism of action.
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