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ABSTRACT

Avrticle history Background and Aims: Toxoplasma gondii (T. gondii) is one of the most
Received: 3 Jun 2023 dangerous parasitic infections in immunocompromised patients. It may pass
Accepted: 3 Dec 2023 through the bloodstream to various organs, such as the reproductive organs of
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intermediate hosts, which may lead to male infertility. Therefore, this study
Keywords aimed to determine the relationship between T. gondii infection and infertility
Infertility in infertile men referred to the infertility center of Chaharmahal and Bakhtiari
Men province.
PCR

Materials and Methods: In this case-control study,129 men, including 67
infertile and 62 fertile men, participated, and specific anti-Toxoplasma
@ antibodies of 1gG and IgM were detected in the serum of all cases using
© This article is distributed under  €NZYme-linked immunosorbent assay methods. Also, the presence of T.gondii
the terms of the Creative Commons DNA in the seminal fluid samples of these people was detected using the
Attribution License, which permits 51y merase chain reaction method. Sperm analyses, including sperm count,

unrestricted use and redistribution - . . .
provided that the original author ~Morphology, motility, and viscosity, were also performed on the seminal

and source are credited. fluid.

Toxoplasma gondii

Results: Based on the result of the IgG antibody, a significant difference was
found in toxoplasmosis in two fertile and infertile groups. Its frequency was
16.1% in the fertile group and 40.3% in the infertile group. Also, Toxoplasma
infection showed a relationship with sperm count and sperm morphology, so
its frequency was 72.7% in the low sperm group and 24.6% in the high sperm
group. The results of IgM and polymerase chain reaction showed, there was
no significant relationship between the fertile and infertile groups with
toxoplasmosis.

Conclusion: The serum prevalence of the anti-Toxoplasma antibodies and
molecular detection in infertile men is higher than the control group, and it
seems that Toxoplasma may be an effective risk factor for causing male
infertility and disruption of sperm parameters.
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Introduction

Toxoplasma gondii (T. gondii), an obligate
intracellular parasite, causes toxoplasmosis. It is
one of the most widespread diseases in the world
and infects approximately one-third of the
world’s population [1]. Although felines are
definitive hosts, warm-blooded animals are
intermediate hosts of this parasite [2]. T. gondii
is transmitted by eating raw or half-cooked meat
of infected animals, eating sporulated oocytes
through consuming contaminated food or drink,
and the placenta in seronegative pregnant
women and organ transplantation [3, 4]. It has
been confirmed that in a person with acute
toxoplasmosis, tachyzoites are present in milk,
saliva, sperm, urine, feces, and all body fluids. In
the acute stage, Tachyzoites are usually found in
various organs [5-7]. It has some adverse effects
on reproduction, which disrupts the reproduction
of some intermediate hosts [8, 9], which is very
important from the viewpoint of public health
and medicine.

In general, various causes and factors are
effective in couples’ infertility, among which
protozoan infections, such as T. gondii, the
reproductive system, can damage the males’
reproductive system, such as sexual dysfunction
and infertility. Other mechanisms in males’ and
females’ reproductive systems include changes
in sperm factors, reduction in the quality,
concentration, and mobility of sperm in men or
eggs in women, and these people, despite not
having genetic factors, suffer from fertility
problems [10]. It has even been shown that
toxoplasmosis is more common in infertile

couples than in fertile couples. Also, in some

studies, anti-sperm antibodies in infertile couples
with this infection were significantly higher than
in uninfected fertile couples, and this may be
related to Toxoplasma antibodies as anti-sperm
agents [11].

In addition, there have been many reports
of male genital disorders with specific
characteristics of testicular toxoplasmosis [12],
toxoplasma-related orchitis [13, 14], and
hypogonadotropic hypogonadism caused by
congenital toxoplasmosis [15]. Recent studies on
disease transmission through sexual contact from
husband to wife and vice versa have shown that
T. gondii can also be transmitted to female
animals with semen [16, 17]. Considering that
one-third of the human population is infected
with toxoplasmosis and the increasing number of
couples with idiopathic infertility, there is few
research on the epidemiology of toxoplasma in
infertile men and its effect on reproductive
parameters; however, the relationship between
toxoplasma infection and infertility in men has
not been fully proven to date. Therefore, we
aimed to evaluate the frequency of
toxoplasmosis in infertile and fertile men using

serological and molecular methods.
Materials and Methods

Population study and samples

In this case-control study, in the year 2022, 129
men referred to the infertility center of
Chaharmahal and Bakhtiari province
participated, including 67 infertile men with
fertility problems in their first or second child
Infertility can be primary or secondary. Primary
infertility is when a pregnancy has never been

achieved by a person, and secondary infertility is
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when at least one prior pregnancy has been
achieved) and 62 fertile men as the control
group. Seminal fluid samples were taken from
them. Immediately after receiving the samples, a
portion was used for cell analysis, and another
portion was kept for polymerase chain reaction
(PCR) at -20°C. Seminal cell analyses,
including sperm count, morphology, motility,
and viscosity, were performed. Two ml of blood
samples were taken from each participant for
serological method, and their sera were separated
and stored at -20 °C until used. A questionnaire,
including age, number of children, duration of
marriage, age at marriage, smoking, alcohol
consumption, etc., was completed by all the
studied subjects. Smoking and alcohol
consumption were considered the exclusion
criteria because these two factors have a great
impact on infertility. All of the cases were
seronegative from human immunodeficiency
viruses (HIV), Hepatitis B (HBV) and C (HCV),
and Human papillomavirus (HPV).
Enzyme-linked immunosorbent assay (ELISA)
The frozen sera were thawed at room temperature
(25°C) and evaluated for anti-T. gondii
antibodies, including IgG for the chronic stage
and IgM for the acute stage of toxoplasmosis,
using a commercial quantity ELISA kit (Vircell,
Toxoplasma IgG and IgM, Germany).

Primer design

A REP-529 with accession No. AF146527 was
used because it was identified as having 200-300
copies in the genome, making it a more suitable
target for PCR. Other repetitive sequences, such
as mobile genetic elements with 100 to 500

copies, are used to diagnose toxoplasmosis [18].

(F) 5-TGTGCTTGGAGCCACAGAAG-3' and
(R) 5-GCAGCCAAGCCGGAAACAT-3.

DNA extraction and PCR

The DNA was extracted from Tehran strain
tachyzoites as a positive control and seminal
fluids using an Addpreb Genomic DNA
extraction Kit, Korea, according to the
manufacturer’s  protocol. The DNA
concentration and purity were measured using a
NanoDrop  spectrophotometer  (Thermofisher
Scientific, USA); however, the integrity of the
extracted DNA was confirmed using a
Safestained agarose gel. DNA was stored at -
20°C until use. The PCR reaction was
performed in a 25 pl final reaction mixture,
containing 10 pM of each primer, 0.2 uM dNTP
(Pharmacia Biotech), 30 mM TrisxHCI (pH 9.0),
7 mM (NH4)2S04, 1.5 mM MgCI2, 2.5 U Taq
polymerase. Amplification was performed on an
ASTEC thermal cycler in Japan by 7 min
incubation at 94 °C, followed by 30 cycles of 45
sec at 94 °C, 45 sec at 57 °C, 45 sec at 728 °C,
and a final 10-min incubation at 72 °C. The PCR
products were analyzed on a 1% agarose gel
against positive (Tehran strain) and negative
controls (distill water) and DNA markers.
Statistical analysis

All data were analyzed with Chi-square, logistic
regression, and student T-test using SPSS version
21. A 95% confidence level and a P-value of less
than 0.05 were considered statistically significant.
Results

Sperm analysis results in infertile and fertile
groups

129 men in the two infertile (67 people) and
fertile (62 people) groups participated in this
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study. Analysis of their sperms showed that 11 of
the 67 men in the infertile group had low sperm
count (<15 M/ml), and the other cases (118
males) in the two groups had normal sperm count.
In the study of sperm motility, 48 of 67 men in the
infertile group had slow sperm movement
(<40%). In terms of morphology, 62 men in the
fertile group had normal sperm, and 67 men in the
infertile group had abnormal sperm. Most sperm
shape abnormalities in the head area are conical
(76.9%), pear-shaped (63.1%), round (52.3%),
needle-shaped (23.1%), and double-headed
(3.1%). Problems in the sperm neck area included
sperm with bent neck (56.1%), thick neck
(12.1%), cytoplasmic drops (39.4%), and two
people (1.2%) with sperm tail problems.
Frequency of quantitative variables in
infertile and control groups

Quantitative variables of the study included age,
weight, height, body mass index (BMI), age of
marriage, and duration of marriage in the
infertile and the control groups. An
independent T-test showed no significant
difference between these variables in both
groups (p > 0.05) (Table 1).

The frequency of T. gondii infection in
infertile and fertile groups by serological and
molecular methods

Regarding the frequency of T. gondii in the
serum of men in the two groups by serological
method, only two subjects (3%) in the infertile
group had IgM antibodies. According to the Chi-
square statistical test, no significant difference
was found in the presence of T. gondii infection
in two fertile and infertile groups (p >0.05).

Based on IgG antibodies in the people’s sera, a

significant difference was observed in T. gondii
infection in fertile and infertile groups. Using the
ELISA method, ten subjects (16.1%) in the
fertile group and 27 subjects (40.3%) in the
infertile group had a high titer of 1gG antibodies
(p<0.05). PCR results also did not show a
significant relationship between fertile and
infertile groups in T. gondii infection. The PCR
results showed that 7 subjects (10.4%) in the
infertile group and 2 subjects (3.2%) in the
control group had a positive result using the
molecular method (p >0.05) (Table 2).

The results of IgM frequency indicated T. gondii
infection showed no relationship with any of the
variables of age, duration of marriage, marriage
age, sperm count, sperm motility and
morphology, and contact with pets in both
infertile and fertile groups (p > 0.05). Also, the
results showed that no relationship was found
between toxoplasmosis and primary infertility or
secondary infertility (p >0.05) (Data not shown).
Prevalence of 1gG antibody against Toxoplasma
gondii in infertile and fertile men according to
study variables by serological method

According to the results of IgG antibody
frequency in table 3, Toxoplasma infection did
not show any relationship with any of the
variables of age, duration of marriage, age of
marriage, sperm motility, type of infertility, and
contact with pets in the infertile and fertile
groups (p >0.05). However, using the the Chi-
square test, we found a significant relationship
between Toxoplasma infection with sperm count
and sperm morphology, so its frequency was
72.7% in people with low sperm count and
24.6% in the group with high sperm (p < 0.05).
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Also, the frequency of anti-toxoplasma 1gG
antibody was 16.1% in the group of people with
normal sperm shape and 40.3% in the group with
abnormal morphology (p < 0.05). The highest
frequency of anti-toxoplasma IgG antibody in
men with abnormal sperm is in the infertile
group, which shows a significant difference
compared to the fertile group (Table 3).
Frequency distribution of Toxoplasma gondii
in infertile and fertile men according to study
variables by PCR

Based on the PCR results in Table 4,
Toxoplasma infection was unrelated to age,
duration of marriage, age of marriage, sperm
count, sperm motility and morphology, and
contact with pets in both case and control groups
(p > 0.05). The results of PCR only showed a
relationship with the marriage duration, which
was not a directional relationship by examining
Fisher’s exact test (p = 0.04).

The results of the PCR

Out of 129 sperm samples whose DNA was

extracted, nine samples contained T. gondii genes.

So, upon loading their PCR products with specific
primers, a fragment with 529 bp was observed on
the agarose gel compared to the DNA marker,
indicating T. gondii infection (Fig. 1).

Discussion

Infertility in men is a multifactorial syndrome
that includes a wide range of disorders. The
cause of their infertility is unknown
(idiopathic) in more than 50% of infertile men
and can be either congenital or acquired.
However, several factors are involved,
including the parasitic factors, including T.
gondii, whose effect on semen quality has
been examined [10]. The present study shows
that in the serum of 40.3% of people from the
infertile and 16.1% of people from the fertile
groups, there is an anti-Toxoplasma IgG
antibody, which is significantly different
between the two groups (p < 0.05). In contrast
to IgG, the results of IgM show no significant

difference between them.

Table 1. Quantitative variables in the two groups of infertile and fertile groups

Variable

Age (years) 35.4+6.6
Body Mass Index 249+2.6
Age of marriage (years) 26.3+3.6
Duration of marriage (years) 9.1+5.9

Data are presented as Mean + SD.

Fertile group Infertile

group P-value

(62 subjects) (67 subjects)

34.1+5.43 0.203
25.8+3.7 0.118
26.5+4.1 0.79
7.5+5.2 0.12

Table 2. Frequency of T. gondii in the infertile and control group by serological and molecular methods

Test Group Fertile N (%) Infertile N (%) P-value

IgM Positive 0 2(3)
Negative 62 (100) 65 (97) 0.49

Total - 62 (100) 67 (100)

104G Positive 10 (16.1) 27 (40.3)

g Negative 52 (83.0) 40 (59.7) 0.002*

- 62 (100) 67 (100)

Toal  pogtive  2(32) 7 (10.4)

PCR Negative 63 (96.8) 60 (89.6) 0.16

Total - 65 67 (100)

*p < 0.05 is considered as significant.
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Table 3. Prevalence of 1gG antibody against T. gondii in infertile and fertile men according to
study variables by serological method.

Variable
20-30
Age group 31-40
41>
<22
. . 23-26
Age at the time of marriage 27-30
31>
1-4
Duration of marriage 5-10
10>
Type of infertility g:crgzggry
Low
Sperm count N
Slow
Sperm movement N el
Abnormal
Sperm shape Normal
Yes
Pet No

Infertile group/
IgG Positive N (%)

7 (35)
14 (35.9)
6 (75)

4 (30.8)
5 (27.8)
14 (48.3)
4 (57.1)
11 (40.7)
8 (36.4)
8 (44.4)
21 (39.6)
6 (42.9)
8 (72.7)
19 (33.9)
17 (36.2)
10 (50)
27 (40.3)
0

5 (33.3)
22 (42.3)

* P-value < 0.05 is considered as significant.

Fertile group/
1gG Positive N (%)

3 (20)

4 (11.8)
3(23.1)
2 (20)

3 (15)
5(19.2)
0
4(22.2)
2(9.1)

4 (18.2)
0

0

0

10 (16.1)
0

10 (16.4)
0

10 (16.1)
3(33.3)
7(13.2)

P-value

0.27

0.5

0.54

0.002*

0.29

0.003*

0.62

Table 4. Frequency distribution of Toxoplasma gondii in infertile and fertile men according
to study variables by PCR

Variable
20-30
Age group 31-40
41>
<22
Age at the time of marriage g?gg
31>
1-4
Duration of marriage 5-10
10>
Type of infertility ggcrgﬁ:j};ry
Low
Sperm count Normal
Sperm movement SO
Normal
Abnormal
Sperm shape Normal
Pet \N(gs

Infertile group Fertile group
Positive N (%) Positive N (%)

2 (10)
5 (12.8)
0(0)

2 (15.4)
3(16.7)
2 (6.9)
0(0)
4(14.8)
0(0)
3(16.7)
6 (11.3)
1(7.1)
2 (18.2)
5(8.9)
6(12.8)
1(5)

7 (10.4)
0(0)

2 (13.3)
5 (9.6)

* P-value < 0.05 is considered as significant.
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1(2.9)
1(7.7)
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9.1)
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2(3.2)
2(3.3)
2(3.2)

1(11.1)
1(1.9)

P-value

0.8

0.12

0.04*

0.17

0.07

0.16

0.22
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Fig. 1. Gel electrophoresis of PCR products

Agarose gel electrophoresis of PCR products amplified using Ref-529 primers and
DNA of T. gondii Tehran strain (positive control). Marker 100 bp, Lane 1-5: PCR
products of T. gondii-infected semen samples, CP= positive control (Tehran T.

gondii strain), CN= negative control.

In most of the studies conducted by serological
methods, there is a significant relationship
between infertility and IgG antibodies in their
sera. From 2 patients with IgM positive, their
PCR was also positive, which means that the
disease is acute and the parasite is present in
body fluids. It may be necessary to test more
samples in order to obtain a meaningful
relationship.

Ahmed et al. in 2013 in Baghdad showed that
41.81% of men had 1gG against T. gondii, and
58.18% of men were negative serologically.
This study showed that the presence of
toxoplasmosis was not rare in infertile men
[26]. In 2005 in China, in infertile men, 36%
had IgG antibodies against T. gondii, while
11% were positive in fertile men [20]. Zhou et
al. in 2002 revealed anti-toxoplasmosis
antibodies in infertile couples (34.83%), which
is significantly higher than fertile couples
(12.11%) [11]. Al-Ezzy et al. in 2016 in Iraq
showed that anti-T. gondii IgM was 23.23% in

infertile men [19]. In all these studies, there is

a significant relationship between T. gondii
and infertility in serology reports, and our
study was in line with these studies. It shows
that T. gondii can be a biological factor in
infertility playing a role, and probably chronic
toxoplasmosis is one of the factors that can be
involved in fertility disorders.

In the present study, no significant difference
was found in toxoplasmosis in the fertile and
infertile groups after examining the PCR
results. While the presence of T. gondii in the
semen of seven people (10.4%) from the
infertile group and two people (3.2%) from the
fertile group was confirmed using the PCR
method. The first report of isolation of T.
gondii in the semen of 125 men was
mentioned by Disco et al. in 1971
Toxoplasma parasite was detected in 3 out of
125 semen samples [21]. Most molecular
research has been conducted on the semen of
experimentally infected male animals. For
example, in the study by Moura et al. in 2007,

which was conducted on adult pigs infected
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with T. gondii, [22], Scarpelli et al. in 2009,
carried out on young deer infected to T. gondii
[23], Arantes and his colleagues were
conducted on dog infected to T. gondii, [24]
the PCR method indicated the presence of
Toxoplasma in the semen samples of animals
infected with oocysts or tachyzoites.
Nevertheless, our study was not in line with
these experimental studies because the parasite
has been directly inoculated into the animals in
experimental studies, and the source of
infection is known. At the same time,
transmission occurs randomly from an
unknown source in humans.

In this study, age, age at marriage, and
duration did not show a significant relationship
with the anti-T. gondii antibodies and PCR in
both infertile and fertile groups. Only PCR had
a relationship with the marriage duration,
which was not a directional relationship either.
Also, the highest frequency of T. gondii
infection by serology and molecular methods
was in the age group of 31-40 years, consistent
with Al-ezzy et al.’s study in Iraq. Also, no
correlation was seen between IgM antibody
and age groups, but the highest prevalence of
T. gondii was 41-48 years old [19]. Our study
was in line with Abdulla et al.’s 2015 study.
They found the highest prevalence of
toxoplasma was in the age group of 23-30
years [25]. Also, in a cross-sectional study by
Ahmed et al., the results showed that the
frequency of toxoplasmosis was in the age
group of 35-39 years, which is almost in line
with this study [26]. The serology results of
Al-Bajalan et al. 2015 also showed that the

frequency of toxoplasmosis is higher in the
age group of 31-35 years [27]. This difference
in age groups can also be seen in the study of
Mahmood et al. in 2013 in Baghdad, where the
highest prevalence of IgG antibody in the age
group (18-25) and (26-33) years and IgM
antibody in the age group 18-25 the years old
[28]. On the other hand, studies by Muluye et
al. in 2013 from people living in northwestern
Ethiopia [29] and Chiang et al. in 2014 in
Taiwan [30] showed no significant difference
between age and infection with T. gondii. This
difference in the age groups of patients with
toxoplasmosis may be due to the difference in
the age groups of marriage, the unequal
number of total samples in these studies, and
factors such as food habits, regional climate,
and cultural characteristics.

In relation to T. gondii with the age of
marriage and the duration of marriage, no
study has been done in the past that can be
matched with the present study. However,
according to the present study, it seems to be
the highest frequency of anti-T. gondii
antibodies in both fertile and infertile groups at
the age of marriage 27-30. Further, there is no
significant relationship between toxoplasma
infection and age of marriage in the two
infertile and fertile groups. Although there is a
relationship  between toxoplasmosis and
duration of marriage only in the molecular
method, there is no directional relationship,
and the highest frequency of toxoplasmosis in
both serological and molecular methods is in

the duration of marriage 1-4 years.
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In this study, the results of serology and PCR
showed no significant relationship with the
type of infertility (primary and secondary) in
the infertile group. In this study, the frequency
of toxoplasmosis both serologically and
molecularly in the infertile group shows that
the primary infertility group has a higher
frequency than the second group. There are
few studies on the frequency of toxoplasmosis
among infertile groups (primary and
secondary). In the study of Abdulla et al. in
Baghdad, the relationship between the anti-T.
gondii 1gG and the type of infertility (primary
and secondary) were revealed, but they were
not significantly related to the result of the
present study [25]. However, in a study
conducted in Iraq by Al-Ezzy et al., contrary to
this study, the result of serology (IgM
antibody) showed a significant relationship
with the type of infertility [19]. The
serological results of Al-Bajalan et al. in 2015
showed a relationship between toxoplasmosis
and secondary infertility in infertile men,
unlike our study [27]. These differences in the
results may be related to the duration of
toxoplasmosis, the number of samples, and the
time of toxoplasmosis treatment before and
after infertility investigation.

In this study, the result of PCR and IgM anti-
toxoplasma showed no significant relationship
with any of the variables of sperm number,
motility, and morphology in both fertile and
infertile groups. However, 1gG results found a
significant relationship between T. gondii
infection and sperm count and sperm
morphology. Out of 67 infertile men with 1gG
antibodies, eight (72.7%) had low sperm

count, and 27 (40.3%) had abnormal sperm
morphology. In Ahmed et al.’s study in
Baghdad, out of 46 infertile men with anti-
Toxoplasma antibodies, 56.52% of men had
abnormal sperm morphology, 67.39% of men
had low sperm count, and 73.91% of men had
Abnormal  sperm  movement  observed.
According to statistical analysis, there was a
significant relationship between toxoplasma-
positive infertile men with sperm count and
movement, but no significant relationship with
sperm morphology [26]. Our results are
consistent with this study regarding the
relationship between Toxoplasma and the
sperm count parameter in the semen of
infertile men in the serological method (IgG
antibody).

This study is also consistent with the study by
Hlavacova et al. in 2021, in which at the
Infertility Center in Prague, fertility problems
in 163 men infected with Toxoplasma by
serology were significantly higher than in men
without Toxoplasma, and there was a
significant  relationship  between  sperm
parameters (sperm count, sperm motility and
morphology) with T. gondii in infertile men
[31]. Many studies have been conducted on
animals, which mostly show the effect of T.
gondii on sperm parameters and fertility [32-
34]. It has been demonstrated that the high
amount of some substances, such as nitric
oxide reactive oxygen species, with the action
of peroxidation of unsaturated fatty acids in
the sperm plasma membrane, negatively
affects motility, abnormalities, and sperm-
oocyte fertilization. These substances are

produced in large quantities in infection with
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T. gondii and the host’s immune response
pathway stimulation. Therefore, this may be a
reason for expressing a significant relationship
between Toxoplasma infection and sperm
abnormalities [35].

Insufficient results have been found or
published regarding the relationship between
Toxoplasma infection in infertile men and
contact with animals. In our study, having a
cat or a pet did not show any relationship with
the anti-toxoplasma antibodies in the
serological and molecular methods in both
fertile and infertile groups. Nevertheless, Al-
Bajalan et al. conducted a study among male
military personnel of the Czech Republic in
2007. They showed a relationship between
toxoplasma infection and contact with animals
(cats) [27].

Felines are the only definite host of T. gondii
parasites and expel the infectious oocyst into
the environment. This parasite can be
transmitted from cat to human, including
eating raw or half-cooked meat with tissue
cysts, drinking water, or food contaminated
with oocysts or oocysts in the soil, etc.
Therefore, humans may be infected without
direct contact with felines occur. For this
reason, the attempt to show the relationship
between T. gondii infection and previous
contact with cats provides contradictory
results. However, regardless of the groups of
infertile and fertile men, studies on the
relationship between Toxoplasma and contact
with animals have been conducted in different
groups. They have shown different results, and

only half have confirmed this relationship.

Studies by Al-Bajalan et al. [27]., Senthamarai
et al. [36]., showed no relationship between

contact with cats and Toxoplasma infection.
Conclusion

The effect of toxoplasmosis on specific
parameters of male fertility has been broadly
studied in detail in animals, apart from a few
preliminary studies conducted on a small
sample of men. According to the studies
conducted and the recent study that shows the
effect of latent or chronic toxoplasmosis on
the number and morphology of sperm in men,
a theoretical framework can be provided for
the relationship  between  Toxoplasma
infection and male infertility parameters.
Measuring the antibody level against T.
gondii in the serum of people with infertility
problems can be an important step in treating
infertility. According to the results of studies,
T. gondii may directly or indirectly affect the
quality and quantity of sperm, which is the
leading cause of infertility in men. Clarifying
these factors is an essential goal in
understanding the general role of Toxoplasma
infection in male infertility and an important
step in the final treatment of the problem of
infertility caused by T. gondii.

The limitations of the study

It was difficult to take samples from healthy
groups at the infertility center, so samples
were taken from private laboratories from
people who came for a check-up after

obtaining consent.
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