
Introduction 

Toxoplasma gondii was first found by Nicolle
and Manceaux in hamster-like rodent tissues called
common gundi (Ctenodactylus gundi) [1]. A
protozoan parasite that pass on a disease to human
and almost other warm blood animals and
compromised one of most common pathogens in
eukaryotes [2]. The infection is chronically of T.

gondii in the world population of human about
30–50% [3,4]. T. gondii have significant in human
health and veterinary and the study of unicellular
microorganisms at the level of   biological and
molecular [5]. 

Although there were much data on sterility in

other countries, little exist on infertility in Iraq [6].
It is a heavy problem on uncountable families, with
significant implications for both individual and
public health [3,7].

Some recent studies have showed the impact
of toxoplasmosis on reproductive system in men
with the consequence of genetic mutation (ND1
gene) of sperms in the sterility men existence [8].
The mutation rapidity of mitochondrion of sub-
fertile men DNA(mt-DNA) has been probable to be
10 fold more than that of nuclear DNA [9].

The identification and genetically characters of
T. gondii infection is fundamental investigation,
inhibition and manager of T. gondii. Old-style
methodologies to the finding of T. gondii involve
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etiologically, immunologically and image methods
while toxoplasmosis discovering can enhance
through the amplification parasitic DNA molecules
based on molecular characterization. Amongst this
polymerase chain reaction (PCR) procedure have
been suitable for the genetically characterization of
parasitic infection [10].

Gap-PCR or long range PCR amplifies the lost
DNA sequence using the primers nearby the deleted
region, Gap-PCR are used to detection of mutation
by deletion alleles which may occur in sequence of
DNA molecule, this deletion must be known and
detected by primers designed specifically to flanked
these deletion sequences, the products of Gap-PCR
does not generated except if the sequences that
flanked deletion are joining together, that can be
obtain when diagnosis the PCR products using gel
electrophoresis [11].

Men infertility is usually related to abnormalities
of sperm comprising (asthenozoospermia), the
mutations in mitochondrial DNA (mt-DNA) are
greatly related with asthenozoospermia according
the molecular diagnosis, common deletion (4,977-
bp) in mtDNA of human one of the important
mutations influence of sperm progression that result
in lost approximately (33%) from the genome of
mitochondrial [12]. Numerous mutations cause in
mt-DNA that can related and resultant in many
diseases comprising neurologically illnesses also
with men sterility [13]. Numerous environmental
elements have been linked with asthenozoospermic
sterility like sperm exposed for long-time to
infection [14]. Since the histones lack in
mitochondrial genes that might cause various kinds
of mutations comprising the common deletion in the
mt-DNA and subsequently result to men sterility
[15,16].

Current study the first training that displayed the
closely relation between chronic toxoplasmosis
could distress reproductive parameters and common
deletion (4,977 base pair) in sperm mitochondrial
DNA (mt-DNA) of infertile men. The of current
study to prove relationship between men infertility
chronically infected with toxoplasmosis and mt-
DNA common deletion (4,977 bp) in sperm. 

Materials and Methods

Blood sample collection

Five milliliters blood samples are collected by
puncture the venous using sterile syringe under
aseptic conditions to obtain serum sample kept in

the freezing using for detection of human
immunodeficiency virus antibody HIV (type 1 and
2) because consider one of topic cause male
infertility, IgM and IgG Toxoplasma gondii in men
kit was used in this study for quantitative and
qualitative detection of Toxoplasma IgM and IgG
levels in human serum samples done according to
company instruction (Foresight. USA).

Semen sample

Seminal fluid samples collected in sterile
container by ejaculated after (3–4) days of sexual
intercourse using for general seminal analysis
according WHO (2010) and for rapid test
qualitatively detects Chlamydia trachomatis

antigen, Neisseria gonorrhea antigen because
consider one of topic cause male infertility and then
stored at –20°C to used it in mt-DNA extraction for
Gap-PCR technique.

Results 

The infertile men and healthy control distribution

according to toxoplasmosis seropositive IgM and

IgG by rapid test and ELISA

The distribution of patients with infertility and
healthy control in relation to toxoplasmosis
seropositive IgM and IgG shown in table 1. The
present findings show non-significantly differences
in men infertility distribution and controls according
to seropositive IgM rapid test and ELISA technique
separately (P=0.51) and (P=0.081). the findings
showed a highly significant differences according to
toxoplasmosis seropositive IgG rapid test and
ELISA technique, were all group A patients are
seropositive IgG rapid test and ELISA technique
respectively, (P<0.001). Also high mean levels of
serum IgG in group A patients detected by ELISA
technique, 65.10±13.84 IU/ml is the highly
significant difference (P<0.001).

The results showed the group A patients with
positive common deletion accounted for 11
(31.4%), whereas, group B patients with positive
common deletion accounted for 17 (26.2%),
although, the rate of positive common deletion was
higher in group A patient than in group B patients,
but the differences were non-significant manner
(P1=0.575). But both patients (A and B) highly
significantly (P2<0.001) higher than that of healthy
controls (Tab. 2). 

The present results showed the mean of the total
sperm count of group A common deletion patient
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11.12±8.33 high significantly (P≤0.001) higher than
group B common deletion patients 23.29±17.72.
The present findings show the mean of sluggish
motile sperms of group A common deletion patients
high significantly higher than the sluggish motile
sperms of group B common deletion patients
(P≤0.001), 53.30±21.74 vs 25.23±14.64,
respectively. Although the findings indicate the
mean number of dead sperm of group A common
deletion patient higher than the mean number of
dead sperm of group B common deletion patients
54.05±20.08 vs 47.23±22.54, but the differences
non-significantly (P=0.254). Also, the abnormal
sperm of group A common deletion patient have
mean 66.27±15.42 significantly (P=0.012) higher

than the mean of abnormal sperm of group B
common deletion patients 49.94±17.17 (Tab. 3). 

Discussion 

The results in table 1 showed non-significant
differences in occurrence distribution of infertile
men and controls according to seropositive IgM
rapid test and ELISA technique, respectively
(P=0.155) and agree with [17–21]. This may be
Toxoplasma gondii at the beginning of the injury,
the level of IgM rises, but for a short period after
that it begins to decline until it completely
disappears. This decrease may lead to the inability
to detect it in many infected people, this agree with
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Table 1. Distribution of infertile and fertile men (as control) according to Toxoplasma gondii seropositive IgG and
IgM by rapid immunoassay test and ELISA technique

Characteristic Infertile patients n=100 Control n=100 OR P

Rapid test

Seropositive IgM

Positive, n (%) 2 (2.0%) 0 (0%) 2.020 0.155

Negative, n (%) 98 (98.0%) 100 (100%) NS

Seropositive IgG

Positive, n (%) 35 (35.0%) 0 ( 0%) 42.42 <0.001

Negative, n (%) 65 (65.0%) 100 (100.0%) HS

ELISA technique

Seropositive IgM

Positive, n (%) 0 (0%) 0 (0%)

Negative, n (%) 100 (100.0%) 100 (100%)

Seropositive IgG

Positive, n (%) 35 (35.0%) 0 (0%)
42.42

<0.001

Negative, n (%) 65 (65.0%) 100 (100%) HS

Mean of positive IgG

Mean±SD 65.10±13.84 0
<0.001

HS

Table 2. Frequency distribution of group A and group B patients compared to healthy control according to common
deletion (4,977 base pair) in sperm mitochondrial DNA

Variables Group A n=3 Group B n=65 Healthy control n=100 P-value

Common deletion

Yes, n (%) 11 (31.4%) 17 (26.2%) 0 (0%)
P1=0.575 

NS

No, n (%) 24 (68.6%) 48 (73.8%) 100 (100%)
P2<0.001 

HS



[22]. Although there is a positive IgM and it may
indicate where to indicate a recent infection in
people who have a chronic infection, but these
results in some cases may give a false positive
result, this agree with [23]. further more acute
infection with Toxoplasma leads to simple to
moderate flu-like symptoms that many infected
people can overcome, especially those with strong
immunity, but the parasites continue to grow slowly
inside the affected tissues and enter their latent
phase [24]. But the result showed highly significant
differences according to seropositive IgG rapid test
and ELISA technique, were all group (A) patients
are positive for seropositive IgG rapid test and
ELISA technique respectively, (P<0.001). The
greatest communal form of T. gondii human’s
infection is asymptomatic (latent) however in some
disorders like immunity compromised patients the
infection may cause severe disease this agree with
[19,25–27]. On the other hand, the difference highly
significantly (P<0.001) in the concentration mean
of serum IgG toxoplasmosis antibody in group A
patients were high using ELISA technique,
65.10±13.84 UI/ml, high level of IgG-Toxoplasma

may remain for a long time. This high titer may be
indicating that the primary infection is a high
infection, or that the parasite has reactivated after
the infection was latent, or because the continuous
response by the immune system is a result of
chronic infection and T. gondii bradyzoite infection
persist for the lifetime in the host [28]. Furthermore,
the high level of IgG is related to many factors,
including warm weather, high humidity, duration
and severity of the infection, as well as the presence
of cats, domestic animals and strays, all of which
may lead to an increase the period of exposure to
infection that consequence increasing in the level of
IgG in the sera of the study population this agree
with [29]. 

Distribution of group A patient and group B

patients according to common deletion (4,977 base

pair) in sperm mitochondrial DNA in compared to

healthy control. 

This is the first time study to link between
infertility men infected with toxoplasmosis and a
common deletion 4,977 bp mutation in their sperm
mitochondrial DNA(mt-DNA) (Fig. 1). Mohammed
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Table 3. Comparison between group A (common deletion) and group B  patients  (common  deletion) according to
seminal fluid parameters

Common deletion comparison

Group A n=11 Group B n=17 P-value

Total sperm count (*106 )

Mean±SD 11.12±8.33 23.29±17.72
0.001 
HS

Range 0.00–25.00 0.00–65.00

SE 2.51 4.17

Motility (sluggish %)

Mean±SD 53.30±21.74 25.23±14.64
0.001 
HS

Range 17.40–100.00 0.00–52.00

SE 6.55 3.452

Dead sperm (%)

Mean±SD 54.05±20.08 47.23±22.54
0.254  
NS

Range 30.00–100.10 10.00–82.00

SE 6.05 5.31

Abnormal (%)

Mean±SD 66.27±15.42 49.94±17.17
0.012

S
Range 50.00–90.00 10.00–100.00

SE 4.64 4.04



et al. [8] who found that infertile men chronically
infected with Toxoplasma gondii had a mutation in
the ND1 gene, which is one of the 13 genes that
encoded in the mitochondrial DNA it is an essential
component of the complex respiratory chain.
Toxoplasmosis infection leads to great and
important damage to the DNA of the sperm in the
rats [30]. The nucleic acids of Toxoplasma are found
in the sperm, testes and epididymis of many animals
[31–35] and can alterations profiles of small RNA in
sperm [36]. The occurrence of the common deletion
of mitochondrial DNA in sperm  remains uncertain
[9]. Toxoplasmosis latent infection that affects the
male reproductive system is one of the most
important causes that prevalence and lead to men
infertility [37] as this infection may lead to an effect
in weakening the sperm motility or may lead to a
deterioration in the male  gonads [38], Toxoplasma

has the ability to reduce the fertility rate in male
mice infected in the laboratory [39], because it has
the ability to enter and persist in the semen of many
animals and even humans [40] also because it has
the ability to cause histopathological changes in
many tissues of the male reproductive system such
as the epididymis, testicles and ability to infect and
present in the testicle macrophage cells, Sertoli cells
and the seminiferous tubes [41] so such chronically
toxoplasmosis infection caused persist activation of
macrophage and leucocyte which is the another
main source in the production of ROS [42],
Infection with T. gondii may have a role in the
function of chromatin abnormalities caused by
increased oxidative stress [43,44]. Therefore, the

direct side effects resulting from the harmful effect
of oxidative stress have an effect on the
reproductive system in rat male infected with T.

gondii [45]. The increased oxidative stress  in testes
caused by the immune system against infection with
toxoplasmosis induces the parasite to change its
phase to the chronic phase [46]. The excess
production of ROS from the mitochondria of the
sperm is highly correlated with the defect in semen,
especially with regard to the movement of sperm, so
this increase in the production of endogenous ROS
is one of the original sources in abnormal sperm
[47]. Increasing the production of ROS may lead to
the progression of the inflammatory response in the
affected organs and cell death, as well as can lead to
the death of sperm due to damage that may occur in
the mitochondrial DNA [48]. An excess of ROS
begins the process of lipid peroxidation and DNA
damage, and as a result, it will lead to carcino -
genesis, cell death and mutations. Therefore, the
increase in phosphorylated oxidation in the sperm
leads to damage to the sperm membrane, which in
turn works to affect the shape, movement, and
fusion of sperm with oocysts [49]. The functional
abnormalities occur in sperm cells by the stress of
oxidation is the major participate in men idiopathic
infertility [44]. There are two main reasons for the
occurrence of infertility as a result of the increase in
ROS which leads to direct DNA damage to the
sperm, or through damage that occurs in the plasma
membrane of the sperm, which leads to a decrease
in its movement and thus reduces its ability to
fertilize oocysts [50]. Oxidative stress has the
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Figure 1. Agarose gel electrophoresis image that showed the Gap-PCR product analysis of mt-DNA common deletion
4,977 bp positive Toxoplasma gondii of patient’s sperm samples 
M: marker (1500–100bp); lanes (T) wild type at (177 bp) PCR product; lanes (D) deletion (mutant) type at (127 bp)
PCR product; the positive results of mutant type in lane 1, 2, 3, 4, 5 and 9



ability to damage all molecules in the cell, such as
lipids, nucleic acids, and even proteins [51]. Also
mt-DNA is more sensitive to damage because it
represents the prime target of the phosphorylated
oxidation process, and this type of oxidative
damage may lead to a process of deletion in
mitochondria resulting from the separation of the
two DNA strand, so common deletion (large scale
deletion) is one of the most important changes in
Mitochondrial DNA, which leads to many diseases
in humans [52]. Sperm that have damage or defect
in the mitochondria leads to a decrease in energy
production, as well as an increase in ROS and free
radical, which in turn leads to a defect in the
production of energy needed for the movement of
sperm, which leads to infertility in men [53]. An
increase in oxidative stress renders the respiratory
chain homeostasis impaired through damage to
mitochondrial DNA that results in an adverse effect
on membrane penetrability, calcium homeostasis
and a defect in the mitochondrial protection system
[54]. The deletion caused by the mitochondrial
genome in sperm is a partial or complete deletion of
the genetic structure in the genes of the respiratory
chain, which are ND3, ND4, ND4L, COIII, ATPase
6, ATPase 8 and five of tRNA [55]. This type of
mutation is the most common in mitochondrial
DNA, in which one-third of the length of the
mitochondrial DNA is removed or lost and thus
fused ND5 with ATPase 8 which leads to a decrease
in ATP production and thus reduces the production
of energy needed for movement [16].

In other hand, Toxoplasma infection has a
complex relationship with the host mitochondria
and this effect is characterized by the modulations
of the host mitochondrial which includes the
production of superoxide and the expression of
phosphorylated oxidation proteins, immune
response as well as a change in the form of the
mitochondria [56].

Although the result revealed non-significantly
but the rate is higher in group A patients (31.4%)
than that of group B patients (26.2%) this may be
belong to the small size of sample. With regard to
patients of the group B the common deletion 4,799
bp may be present in several other diseases, such as
cancer of the skin, neck, prostate, stomach, thyroid,
mouth, head, esophagus as well as in the breast and
colorectal [58]. In addition, 40% of patients with
mitochondrial myopathological diseases have a
deletion in 4,977 bp, furthermore, the 4,977 bp
deletion, which is associated with many mutations

in tissues and organs in the human body, including
the brain, skeletal muscles, the heart and in skin
photo aging, therefore is used as a biomarker [59].
Also during the development process, the DNA and
chromatin of the sperm may be damaged as a result
of various internal and external conditions [60].
DNA production may be inhibited by mutations that
result from direct DNA damage or during cellular
death [61].

Comparison between group A patients common

deletion and group B patients common deletion

according to seminal fluid parameters

The finding agree with Wang [62] who suppose
Toxoplasma gondii have ability to direct infected of
human reproductive system because have ability to
cross the testes blood barrier  and agree with [63]
who concluded in their study that chronic infection
with Toxoplasma is associated and has a significant
effect on many diseases that affect humans and
other laboratory animals reproductive organ with
impact on the morphology, movement and count of
sperm [37]. Infection with Toxoplasma leads to
DNA damage in the semen, and thus it will decrease
the semen parameters including number,
morphology, movement and viability of sperms
which leads to a decrease in the fertility rate in
infected mice [30]. Thus the parasitic infection can
lead to persistent inflammation and such
inflammation in male reproductive system
involving testes and epididymis have important in
reduce the sperm count, motility and morphology
that can lead to male infertility [64]. The remarkable
epigenetic evolution of the parasite its ability to
relocate the host cell’s mitochondria around the
parasitophorous vesicle formed by Toxoplasma with
help of virulence factors effector proteins secreted
by Toxoplasma [65]. Thus the binding of parasito -
phorous vesicles to host mitochondria is rapid and
have an important role in modulating the immunity
response to T. gondii, here the effect of gene
expression of genes involved in the oxidative
phosphorylation process that causes a defect in the
host mitochondria of infected cells appears [56].
The first stage of the fertilization process sperm
need a large amount of ATP in order to move the
flagellum, which contains about 70 to 80
mitochondria in the mid zone in humans and other
mammals sperm [66]. Thus bioenergetics that
mitochondria confer on sperm is definitive for
sperm motility, so any defect in qualitative as well
as quantitative characteristics in mitochondrial
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DNA will adversely affect all cellular functions of
sperm [67]. Also the process of generating sperm in
humans is affected by any defect that may occur in
the activity of respiratory oxidation chain in
mitochondria, especially spermogenic as a result of
the  accumulation of mutations in the mitochondrial
DNA of sperm in the testes, which leads to a
decrease in energy production by the mitochondria,
which may induce the stop of division in the sperm-
generating cells [15]. Chronic parasitic infection
and the formation of cysts within the tissues
generate antioxidants during infection thus generate
oxidative stress in these tissues, including the
testicle caused accumulation and increase of
oxidative stress leads to damage the sperm
chromatin [68] that consequence may be affect to
sperm count. Therefore, sperms that have damaged
DNA or defects in chromatin fail to form sperm
capable of being fertilized [69,70]. Since any
mutation including common deletion 4,977 bp that
occurs in the mitochondria DNA disturbs the
production of ATP, which in turn leads to a defect in
the production of sperm and the movement of the
flagella and the process of the mitochondria
depleting the sperm mainly affects the decrease in
sperm motility and its fertility [15]. Of all the
mutations that occur in mitochondria, common
deletion mutations are the most incidence and
abundant [71] and such deletion important related
with abnormal sperm and men infertility in wide
range of population in the world [72,73]. the main
reason for occurrence of 4,977 bp large scale
deletion is endogenous source accomplished by
ability of chronic T. gondii to induced over
production of ROS and to change cellular
metabolism and molecular level of the infected host
[74]. 

In conclusion, the current study concluded that
infection with Toxoplasma gondii can caused
common deletion 4,977 bp in mt-DNA of sperm in
infertile men and such mutation can effect on sperm
parameter in infected men which leads to male
infertility.

References

[1] Dubey J.P. 2020. The history and life cycle of
Toxoplasma gondii. In: Toxoplasma gondii. The
model apicomplexan: perspectives and methods.
(Eds. L.M. Weiss, K. Kim). 3rd ed. Academic Press,
New York: 1–19. doi:10.1016/C2017-0-01845-1 

[2] Liu Q., Singla L.D., Zhou H. 2012. Vaccines against

Toxoplasma gondii: status, challenges and future
directions. Human Vaccines and Immunotherapy

8(9): 1305–1308. doi:10.4161/hv.21006
Flegr J., Prandota J., Sovičková M., Israili Z.H. 2014.
Toxoplasmosis – a global threat. Correlation of latent
toxoplasmosis with specific disease burden in a set of
88 countries. PloS One 9(3): e90203. 
doi:10.1371/journal.pone.0090203

[4] Abdoli A., Dalimi A. 2014. Is there any relationship
between latent Toxoplasma gondii infection,
testosterone elevation, and risk of autism spectrum
disorder? Frontiers in Behavioral Neuroscience 8:
339–345. doi:10.3389/fnbeh.2014.00339

[5] Kim K., Weiss L.M. 2008. Toxoplasma: the next 100
years. Microbes and Infection 10(9): 978–984. 
doi:10.1016/j.micinf.2008.07.015

[6] Abdulmohsin M.A. 2018. Assessment of psychosocial
status and spiritual beliefs of a sample of infertile men
in Baghdad City/Iraq. Medical Journal of Babylon

15(2): 139–144.
[7] Duron S., Slama R., Ducot B., Bohet A., Sørensen

D.N., Keiding N., Moreau C., Bouyer J. 2013.
Cumulative incidence rate of medical consultation for
fecundity problems – analysis of a prevalent cohort
using competing risks. Human Reproduction 28(10):
2872–2879. doi:10.1093/humrep/det293 

[8] Mohammed N.S., Al-Muhsin Al-khayat F.A., Hussien
S.K. 2017. The impact of Toxoplasma gondii on
mitochondrial DNA of sub-fertile men sperms.
Biomedical and Pharmacology Journal 10(2).
doi:10.13005/bpj/1135

[9] Namaghi I.B., Vaziri H. 2016. Sperm mitochondrial
DNA deletion in Iranian infertile with astheno -
zoospermia. Andrologia 49(3): e12627.  
doi:10.1111/and.12627 

[10] Liu Q., Wang Z.D.,Huang S.Y., Zhu X.Q. 2015.
Diagnosis of toxoplasmosis and typing of
Toxoplasma gondii. Parasites and Vectors 8: article
number 292. doi:10.1186/s13071-015-0902-6 

[11] Lam E.P.T., Chan C.M.L., Tsui1 N.B.Y., Au T.C.C.,
Wong K.F., Wong H.T., Chiu K.Y., Chan L.W.C., Yung
B.Y.M., Wong S.C.C. 2013. Clinical applications of
molecular technologies in hematology. Journal of

Medical Diagnostic Methods 2: article number 130. 
doi:10.4172/2168-9784.1000130

[12] Al Zoubi M.S., Al-Batayneh K., Alsmadi M., Rashed
M., Al-Trad B., Al-Khateeb W., Aljabali A., Otoum
O., Al-Talib M., Batiha O. 2019. 4,977‐bp human
mitochondrial DNA deletion is associated with
asthenozoospermic infertility in Jordan. Andrologia

52(1): e13379. doi:10.1111/and.13379 
[13] Pieczenik S.R., Neustadt J. 2007. Mitochondrial

dysfunction and molecular pathways of disease.
Experimental and Molecular Pathology 83(1): 84–92.
doi:10.1016/j.yexmp.2006.09.008

[14]  Koppers A.J., De Iuliis G.N., Finnie J.M.,
McLaughlin E.A., Aitken R.J. 2008. Significance of

The role of chronic infection 893

[3]



mitochondrial reactive oxygen species in the
generation of oxidative stress in spermatozoa.
Journal of Clinical Endocrinology and Metabolism

93(8): 3199–3207. doi:10.1210/jc.2007-2616
[15]  Shamsi M.B., Kumar R., Bhatt A., Bamezai R.N.K.,

Kumar R., Gupta N.P., Das T.K., Dada R. 2008.
Mitochondrial DNA mutations in etiopathogenesis of
male infertility. Indian Journal of Urology 24(2):
150–154. doi:10.4103/0970-1591.40606

[16] Wang J., Lu Y.Y. 2009. Mitochondrial DNA 4977-bp
deletion correlated with reactive oxygen species
production and manganese superoxide dismutase
expression in gastric tumor cells. Chinese Medical

Journal 122(4): 431–436.
[17] Salih J.M., Mero W.M.M., Eassa S. 2020.

Seroprevalence and some demographic factors
associated with Toxoplasma gondii infection among
male population in Duhok Province/Iraq. Baghdad

Science Journal 17(2): article number 0431. 
doi:10.21123/bsj.2020.17.2.0431

[18] El-Gebaly N.S.M., Abd-Eltawab M.S.A., Hamed
A.M.R., Mahfouz N.A., Abdelmaksoud R., Adel S.,
Mahfoz A.M., Rehan M.K., Elsebaei E.H. 2019.
Insights into the interplay of latent toxoplasmosis,
testosterone, cortisol and oxidative stress in screened
schizophrenic patients in Egypt. Parasitologists

United Journal 12(2): 102–109.
doi:10.21608/puj.2019.11819.1040

[19] Sharif M., Daryani A., Ebrahimnejad Z., Gholami
S., Ahmadpour E., Borhani S., Lamsechi N. 2015.
Seroprevalence of anti-Toxoplasma IgG and IgM
among individuals who were referred to medical
laboratories in Mazandaran province, northern Iran.
Journal of Infection and Public Health 9(1): 75–80. 
doi:10.1016/j.jiph.2015.06.006

[20] Jassam F.S. 2010. Relationship between toxo -
plasmosis and testosterone hormone among
schizophrenic patients in Baghdad. M.Sc. thesis.
College Council of Health and Medical Technology,
Sweden.

[21] Zghair K.H., AL-Qadhi B.N., Mahmood S.H. 2013.
The effect of toxoplasmosis on the level of some sex
hormones in males blood donors in Baghdad. Journal

of Parasitic Diseases 39(3): 393–400.
doi:10.1007/s12639-013-0382-6 

[22] American Association for Clinical Chemistry
(AACC). 2021. AroraLabs Online. 
https://www.aroralabs.com/labtestsonline.org/patient-
reso urces.html

[23] Mose J.M., Kagira J.M., Kamau D.M., Maina N.W.,
Ngotho M., Karanja S.M. 2020. A review on the
present advances on studies of toxoplasmosis in
Eastern Africa. BioMed Research International

2020(10): 1–12. doi:10.1155/2020/7135268
[24] Zhao X.Y., Ewald S.E. 2020. The molecular biology

and immune control of chronic Toxoplasma gondii

infection. Journal of Clinical Investigation 130(7):

3370–3380. doi:10.1172/JCI136226 
[25] Hussien M.R., Al-Saeed A., Eassa S.H. 2018.

Toxoplasmosis seropositivity and male sex hormones.
Journal of Immunology and Infectious Diseases 5(1):
1–8. 
http://www.annexpublishers.com/articles/JIID/5101-
Toxoplasmosis-Seropositivity-and-Male-Sex-Horm
ones.pdf

[26] Weiss L.M., Dubey J.P. 2009. Toxoplasmosis: a
history of clinical observations. International Journal

for Parasitology 39(8): 895–901. 
doi:10.1016/j.ijpara.2009.02.004

[27] Hill D., Dubey J.P. 2002. Toxoplasma gondii:
transmission, diagnosis and prevention. Clinical

Microbiology and Infection 8(10): 634–640.
` doi:10.1046/j.1469-0691.2002.00485.x
[28] Blanchard N., Dunay I.R., Schlüter D. 2015.

Persistence of Toxoplasma gondii in the central
nervous system: a fine-tuned balance between the
parasite, the brain and the immune system. Parasite

Immunology 37(3): 150–158. doi:10.1111/pim.12173
[29] Brown A.S., Schaefer C.A., Quesenberry C.S., Liu

L., Babulas V.P., Susser E.S. 2005. Maternal exposure
to toxoplasmosis and risk of schizophrenia in adult
offspring. American Journal of Psychiatry 162(4):
767–773. doi:10.1176/appi.ajp.162.4.767

[30] Taherimoghaddam M., Bahmanzadeh M., Maghsood
A.H., Fallah M., Tapak L., Foroughi-Parvar F. 2020.
Toxoplasma gondii induced sperm DNA damage on
the experimentally infected rats. Journal of Parasitic

Diseases 45(2): 351–358. 
doi:10.1007/s12639-020-01305-6

[31] Liu S.G., Zhang H.Z., Li X., Zhang Z., Hu B. 2006.
Dynamic observation of polypide in semen and blood
of rabbits infected with Toxoplasma tachyzoites.
Chinese Medical Journal 119(8): 701–704.
https://mednexus.org/doi/pdf/10.5555/cmj.036669
99.119.08.p701.01

[32] Scarpelli L., Lopes W.D.Z., Migani M., Bresciani
K.D.S., da Costa A.J. 2009. Toxoplasma gondii in
experimentally infected Bos taurus and Bos indicus

semen and tissues. Pesquisa Veterinaria Brasileira

29(1): 59–64.
http://old.scielo.br/pdf/pvb/v29n1/a09v29n1.pdf

[33] Arantes T.P., Lopes W.D.Z., Ferreira R.M., Pieroni
J.S.P., Pinto V.M.R., Sakamoto C.A., Costa A.J.D.
2009. Toxoplasma gondii: evidence for the
transmission by semen in dogs. Experimental

Parasitology 123(2): 190–194. 
doi:10.1016/j.exppara.2009.07.003

[34] Santana L.F., da Costa A.J., Pieroni J., Lopes W.D.,
Santos R,S., de Oliveira G.P., de Mendonça R.P.,
Sakamoto C.A. 2010. Detection of Toxoplasma

gondii in the reproductive system of male goats.
Revista Brasileira de Parasitologia Veterinária

19(3): 179–182. 
doi:10.1590/S1984-29612010000300010

894 A.S. AL-KHAFAJ, G.B. AL-OMASHI



[35] Dass S.A.H., Vasudevan A., Dutta D., Soh L.J.T.,
Sapolsky R.M., Vyas A. 2011. Protozoan parasite
Toxoplasma gondii manipulates mate choice in rats
by enhancing attractiveness of males. PLoS One

6(11): e27229. doi:10.1371/journal.pone.0027229
[36] Tyebji S., Hannan A.J., Tonkin C.J. 2020.

Pathogenic infection in male mice changes sperm
small RNA profiles and transgenerationally alters
offspring behavior. Cell Reports 31(4): e107573.
doi:10.1016/j.celrep.2020.107573

[37] Hlaváčová J., Flegr J., Řežábek K., Calda P.,
Kaňková Š. 2021. Association between latent
toxoplasmosis and fertility parameters of men.
Andrologia 9(3): 854–862. doi:10.1111/andr.12969

[38] Hamada A., Esteves S.C., Agarwal A. 2011.
Unexplained male infertility: potential causes and
management. Human Andrology 1(1): 2–16. 
doi:10.1097/01.XHA.0000397686.82729.09

[39] Dvorakova-Hortova K., Sidlova A., Ded L.,
Hladovcova D., Vieweg M., Weidner W., Steger K.,
Stopka P., Paradowska-Dogan A. 2014. Toxoplasma

gondii decreases the reproductive fitness in mice.
PLoS ONE 9(6): e96770. 
doi:10.1371/journal.pone.0096770

[40] Moura A.B., Costa A.J., Filho S.J., Paim B.B., Pinto
F.R., Di Mauro D.C. 2007. Toxoplasma gondii in
semen of experimentally infected swine. Pesquisa

Veterinaria Brasileira 27910): 430–434. 
doi:10.1590/S0100-736X2007001000008

[41] Lopes W.D.Z., Rodriguez J.D.A., Souza F.A., dos
Santos T.R., dos Santos R.S., Rosanese W.M.,
Sakamoto C.A., da Costa A.J. 2013. Sexual
transmission of Toxoplasma gondii in sheep.
Veterinary Parasitology 195(1–2): 47–56. 
doi:10.1016/j.vetpar.2012.12.056

[42] Fraczek M., Kurpisz M. 2007. Inflammatory
mediators exert toxic effects of oxidative stress on
human spermatozoa. Journal of Andrology 28(2):
325–333. doi:10.2164/jandrol.106.001149

[43] Al-Kennany E., Al-Badrany S.M. 2007. Pathological
study on the capability of Toxoplasma gondii to
induce oxidative stress and initiation a primary lesion
of atherosclerosis experimentally in broiler chickens.
Journal of Animal and Veterinary Advances 6(8):
938–942.
https://medwelljournals.com/abstract/?doi=javaa.
2007.938.942 

[44] Nayak J., Jena S.R., Samanta L. 2018. Oxidative
stress and sperm dysfunction: an insight into
dynamics of semen proteome. In: Oxidants,
antioxidants and impact of the oxidative status in
male reproduction. (Eds. R. Henkel, L. Samanta, A.
Agarwal). Elsevier, Amsterdam: 261–275.
https://www.researchgate.net/publication/327552483
_Oxidants_Antioxidants_and_Impact_of_the_
Oxidative_Status_in_Male_Reproduction

[45] Hoseiny Asl Nazarlu Z., Matini M., Bahmanzadeh

M., Foroughi-Parvar F. 2020. Toxoplasma gondii: a
possible inducer of oxidative stress in reproductive
system of male rats. Iranian Journal of Parasitology

15(4): 521–529. doi:10.18502/ijpa.v15i4.4857
[46] Bahrami S., Shahriari A., Tavalla M., Azadmanesh

S., Hamidinejat H. 2016. Blood levels of oxidant/
antioxidant parameters in rats infected with
Toxoplasma gondii. Oxidative Medicine and Cellular

Longevity 2016: article number 8045969. 
doi:10.1155/2016/8045969

[47] Aitken R.J., Baker M.A., Sawyer D. 2003. Oxidative
stress in the male germ line and its role in the
aetiology of male infertility and genetic disease.
Reproductive Biomedicine Online 7(1): 65–70. 
doi:10.1016/s1472-6483(10)61730-0

[48] Xu X., He L., Zhang A., Li Q., Hu W., Chen H., Du
J., Shen J. 2015. Toxoplasma gondii isolate with
genotype Chinese 1 triggers trophoblast apoptosis
through oxidative stress and mitochondrial
dysfunction in mice. Experimental Parasitology 154:
51–61. doi:10.1016/j.exppara.2015.04.008

[49] Sanocka D., Kurpisz M. 2004. Reactive oxygen
species and sperm cells. Reproductive Biology and

Endocrinology 2: article number 12. 
doi:10.1186/1477-7827-2-12

[50] Tremellen K. 2008. Oxidative stress and male
infertility-a clinical perspective. Human Reproduction

Update 14(3): 43–58.
doi:10.1093/humupd/dmn004

[51] Halliwell B. 1999. Oxygen and nitrogen are pro-
carcinogens. Damage to DNA by reactive oxygen,
chlorine and nitrogen species: measurement,
mechanism and the effects of nutrition. Mutation

Research 443(1–2): 37–52.
doi:10.1016/s1383-5742(99)00009-5

[52] Lee H.C., Wei Y.H. 2007. Oxidative stress,
mitochondrial DNA mutation, and apoptosis in aging.
Experimental Biology and Medicine (Maywood)
232(5): 592–606.

[53] Bhat A.H., Dar K.B., Anees S., Zargar M.A.,
Masood A., Sofi M.A., Ganie S.A. 2015. Oxidative
stress, mitochondrial dysfunction and neuro -
degenerative diseases; a mechanistic insight.
Biomedicine and Pharmacotherapy 74: 101–110. 
doi:10.1016/j.biopha.2015.07.025

[54] Spiropoulos J., Turnbull D.M., Chinnery P.F. 2002.
Can mitochondrial DNA mutations cause sperm
dysfunction? Molecular Human Reproduction 8(8):
719–721. doi:10.1093/molehr/8.8.719

[55] Kumar R., Venkatesh S., Kumar M., Tanwar M.,
Shasmsi M.B., Kumar R., Gupta N.P., Sharma R.K.,
Talwar P., Dada R. 2009. Oxidative stress and sperm
mitochondrial DNA in idiopathic oligoastheno -
zoospermic men. Indian Journal of Biochemistry and

Biophysics 46(2): 172–177.
[56] Syn G., Anderson D., Blackwell J.M., Jamieson S.E.

2017. Toxoplasma gondii infection is associated with

The role of chronic infection 895



mitochondrial dysfunction in vitro.Frontiers in

Cellular Infection Microbiology 7: article number
512. doi:10.3389/fcimb.2017.00512

[57] Yu M. 2012. Somatic mitochondrial DNA mutations
in human cancers. Advances in Clinical Chemistry

57: 99–138. 
doi:10.1016/b978-0-12-394384-2.00004-8

[58] Meissner C., Bruse P., Mohamed S.A., Schulz A.
2008. The 4977 bp deletion of mitochondrial DNA in
human skeletal muscle, heart and different areas of
the brain: a useful biomarker or more? Experimental

Gerontology 43(7): 645–652. 
doi:10.1016/j.exger.2008.03.004

[59] Tarozzi N., Bizzaro D., Flamigni C., Borini A. 2007.
Clinical relevance of sperm DNA damage in assisted
reproduction. Reproductive Biomedicine Online

14(6): 746–757. doi:10.1016/s1472-6483(10)60678-5
[60] Bahrke M.S., Yesalis C.E. 2004. Abuse of anabolic

androgenic steroids and related substances in sport
and exercise. Current Opinion in Pharmacology

4(6): 614–620. doi:10.1016/j.coph.2004.05.006
[61] Wang J., Liu T., Mahmmod Y.S., Yang Z., Tan J.,

Ren Z., Zhang X., Yang X., Zhang X.X., Yuan Z.G.
2020. Transcriptome analysis of testes and uterus:
reproductive dysfunction induced by Toxoplasma

gondii in mice. Microorganisms 8(8): article number
1136. doi:10.3390/microorganisms8081136.

[62] Zhao X.Y., Ewald S.E. 2020. The molecular biology
and immune control of chronic Toxoplasma gondii

infection. The Journal of Clinical Investigation

130(7): 3370–3380. doi:10.1172/jci136226
[63] Terpsidis K.I., Papazahariadou M.G., Taitzoglou I,A,,

Papaioannou N.G., Georgiadis M.P., Theodoridis I.T.
2009. Toxoplasma gondii: reproductive parameters in
experimentally infected male rats. Experimental

Parasitology 121(3): 238–241. 
doi:10.1016/j.exppara.2008.11.006
[64] Blank M.L., Xia J., Morcos M.M., Sun M.,
Cantrell P.S., Liu Y., Zeng X., Powell C.J., Yates N.,
Boulanger M.J., Boyle J.P. 2021. Toxoplasma

gondii association with host mitochondria requires
key mitochondrial protein import machinery.
Proceedings of the National Academy of Sciences of

the United States of America 118(12): e2013336118. 
doi:10.1073/pnas.2013336118

[65] Kumar D.P., Sangeetha N. 2009. Mitochondrial
DNA mutations and male infertility. Indian Journal of

Human Genetics 15(3): 93–97. 
doi:10.4103/0971-6866.60183

[66] Mueller B.A., Daling J.R. 1989. Epidemiology of

infertility. Extent of the problem-risk factors and
associated social changes: In: Controversies in
reproductive endocrinology and infertility. (Ed. M.R.
Soules). New York: Elsevier: 1–13.

[67] Sharma S., Hanukoglu A., Hanukoglu I. 2018.
Localization of epithelial sodium channel (ENaC) and
CFTR in the germinal epithelium of the testis, Sertoli
cells, and spermatozoa. Journal of Molecular

Histology 49: 195–208. 
doi:10.1007/s10735-018-9759-2

[68] Sakkas D., Mariethoz E., Manicardi G., Bizzaro D.,
Bianchi P.G., Bianchi U. 1999. Origin of DNA
damage in ejaculated human spermatozoa. Reviews of

Reproduction 4(1): 31–37. doi:10.1530/ror.0.0040031
[69] Talebi A., Moein M., Tabibnejad N., Ghasemzadeh

J. 2008. Effect of varicocele on chromatin
condensation and DNA integrity of ejaculated
spermatozoa using cytochemical tests. Andrologia

40(4): 245–251.
[70] Sharpe R.M. 2000. Lifestyle and environmental

contribution to male infertility. British Medical

Bulletin 56(3): 630–642.
doi:10.1258/0007142001903436

[71] Talebi E., Karimianb M., Nikzada H. 2017.
Association of sperm mitochondrial DNA deletions
with male infertility in an Iranian population. DNA

Mapping, Sequencing and Analysis 29(4): 615–623.
doi:10.1080/24701394.2017.1331347

[72] Dhillon V.S., Shahid M., Husain S.A. 2007.
Associations of MTHFR DNMT3b 4977 bp deletion
in mtDNA and GSTM1 deletion, and aberrant CpG
island hypermethylation of GSTM1 in non-
obstructive infertility in Indian men. Molecular

Human Reproduction 13(4): 213–222.
doi:10.1093/molehr/gal118

[73] Chen X.Q., Elsheikha H.M., Hu R.S., Hu G.X., Guo
S.L., Zhou C.X., Zhu X.Q. 2018. Hepatic
metabolomics investigation in acute and chronic
murine toxoplasmosis. Frontiers in Cellular and

Infection Microbiology 8: article number 189. 
doi:10.3389/fcimb.2018.00189

[74] Nourazarian A.R., Kangari P., Salmaninejad A.
2014. Roles of oxidative stress in the development
and progression of breast cancer. Asian Pacific

Journal of Cancer Prevention 15(12): 4745–4751.
doi:10.7314/apjcp.2014.15.12.4745

Received 18 May 2022

Accepted 24 July 2022

896 A.S. AL-KHAFAJ, G.B. AL-OMASHI




