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Summary

Summary

Toxoplasma gondii can infect any warm-blooded animal, including humans.
Toxoplasmosis in females can significantly affect the results of their reproductive
processes, particularly their fertile capacity. However, there is insufficient research
that investigates a connection between female 7. gondii infection and infertility,

particularly in our region.

This case-control study was conducted to ascertain the seroprevalence of anti-
Toxoplasmas antibodies and some immunomodulatory factors among infertile
women. The study included 250 infertile and 50 appaerantly women, who had no
history of abortion, was fertile, and with negative results for Toxoplasma gondii 1gG
and IgM. The study was performed during the period from 1% February to 25 October
2022 from the private laboratories and gynecology outpatient clinics of two of
Babylon's leading hospitals: Babil Teaching Hospital for Maternity and Childhood,
and Al-Imam ul-Sadiq Teaching Hospital.

After careful selection of the study participants, based on specific inclusion and
exclusion criteria, the current work was conducted using a questionnaire that asked
about the name and age of the infertile female, the length of the marriage, any male
factors of infertility, the type of infertility (primary or secondary), the presence of

any field or feline pets, and a hormonal profile.

The serological evaluation of all participants included Toxoplasma
immunoglobulins (IgG and IgM), interleukins (IL-12 and IL-17), TNF- a, TGF-p,

cyclophilin-A, and phospholipase serum levels.

The study results revealed that the average age of the patients was 31.6 £4.3 years.
And only 62 (24.8%) of the 250 infertile females met the requirements for the

research study. The average duration of marriage was 3.9+1.3 years. Thirty-three



Summary

(13.2) of the infertile women had additional infertility reasons (male factors) in their
partners. Out of the total 250 participants, 152 individuals (60.8%) reported having
field or feline animals and 68 participants (27.2%) reported having a period infection
of toxoplasma. The serological and immunological parameters were higher in the
patients, either considerably (IL-12 and cyclophilin-A) or highly significantly (IL-
17, TGF-B, TNF-a, and phospholipase), respectively. The study's variables have

varying degrees of correlation with one another.

The study concluded that for patients with Toxoplasma, none of the study parameters
were strongly diagnostic or had good predictions. As well, none of the investigated
indicators may be used as a biomarker to identify or distinguish healthy women from

T’ gondii infertile females.
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Introduction

The obligate intracellular parasite Toxoplasma gondii is the primary cause of the
preventable infectious illness Toxoplasmosis, an opportunistic zoonotic infection
that is widesprea d throughout the world ( Elaadli et al., 2023). Around the world,
up to one-third of the population is seropositive for T. gondii and at risk of infection
(Koloren and Dubey, 2020). The incidence of primary maternal T. gondii infection
during pregnancy ranges from about 1 to 310 per 10,000 pregnancies in different
populations in Europe, Asia, Australia, and the Americas (Mohammed , 2019).
Human can become infected by consuming raw or undercooked meat with tissue
cysts (bradyzoites), drinking water, or eating food contaminated with cat excrement
containing sporulated oocysts ( Almeria and Duby, 2021). Handling raw meat and
consuming unpasteurized milk containing the rapidly growing stage (tachyzoites)

may also provide risks for human T. gondii infection (Markon et al., 2021).

Human are frequently infected by toxoplasmaosis, which is practically universally
prevalent. The two main methods of transmission to humans are oral and
transplacental (Sadegi et al., 2023). Toxoplasmosis in females can have a major
impact on the outcomes of their reproductive processes, in particular, congenital
toxoplasmosis and its effects on the fetus. The consequences brought on by this
parasite include infertility, miscarriage, severe abnormalities, developmental delays,
hydrocephalus, intracerebral calcification, blindness, epilepsy, and intrauterine fetal
death (Arora et al., 2017). It has a wide spectrum of clinical symptoms, and the
pattern of those symptoms depends on the host's immunological condition and age
(Khan and Moretto, 2022).

T. gondii infection in healthy humans becomes asymptomatic because the host's

innate and adaptive immunity resists its initial proliferation and eradicates most of
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the parasites. Infection of monocytes by a T. gondii tachyzoite strongly induces
innate immune responses such as the production of pro-inflammatory cytokines
(interleukins, tumor necrosis factors, transforming growth factors, and others),
resulting in the activation of adaptive immune responses mediated by T and B cells
( Miwa Sasali, 2018; Khan and Moretto, 2022). The activation of adaptive immunity
further stimulates cell-autonomous immune responses (different CD subsets and
others) in infected cells, inducing T. gondii stage conversion into a bradyzoite that
eventually leads to chronic infection. Thus, the immunological balance between a
healthy host and T. gondii is a key step in T. gondii immunobiology (Khan and
Moretto, 2022).

Seroimmunological tests of T. gondii identify the antibodies in the serum. IgM
antibodies are the first sort of immunoglobulins detected earlier after getting a
primary infection and decrease quicker than 1gG antibodies, which remained for
prolonged durations (Alkubaisi et al., 2023). The influence of toxoplasmosis on
reproductivity in humans has been the subject of several studies yielding discordant
results. A positive effect of latent toxoplasmosis on the risk of miscarriage has been
shown in a study performed on 5 033 obstetric patients but was not confirmed by
others ( Kankova et al., 2015). Researchers have reported that among females with
an average of 23+ 5.24 years, 1gG anti-T. gondii antibody was detected in 22.1% of
pregnant women. Earlier Iraqi study has shown a significant relationship between
Toxoplasmosis and anti  Mullerian hormone level as a predictor of ovarian reserve
in females (Salman, 2014). latent Toxoplasmosis is associated with an increase in
autoimmune thyroid diseases in pregnancy (Karnkova et al., 2014) and gestational

diabetes mellitus (Oliveira-Scussel et al., 2022).
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This case-control study was conducted to ascertain the seroprevalence of anti
Toxoplasmas antibodies among infertile women due to insufficient research on the
frequency of toxoplasmosis infection in our county and the high incidence of

associated abnormal reproductive outcomes, particularly infertility.
Aims of the study:

1- Study the profile of Cytokine in patient with toxoplasmosis.

2- To compare the serum levels of some of the immunological factors (Interleukin-
12, Interleukin-17, Transforming Growth Factor—8, Tumors necrosis factor -a,
Phospholipase, and Cyclophilin-A) between infertile females with T. gondii
infection and the healthy controls.

3- To evaluate the diagnostic and predictive ability of serum levels of these immune
regulatory factors (Interleukin-12, Interleukin-17, Transforming Growth Factor—
B, Tumors necrosis-a factor, Phospholipase A, and Cyclophilin-A) as a

biomarker for T. gondii infection among infertile females.
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LITERATURE REVIEW
2-1: History of parasite

Toxoplasm Spp is the protozoa paraites, There are three main important
species that belongs to genus toxoplasma these are: T. gondii, T. hammondi,
T. bahaiensis .It infects many animals such as dogs, cats, cattle, rodents and
birds. It is the only type that causes Toxoplasmosis in human. Toxoplasm
gondii spread all over the world specially in tropical areas where the
percentage of the infection by this parasite is about 30% from the people of
the world. The percentage of infection for children rises in the places where
there are many cats and their feces. It is high for adults where they have meats
are not well cooked (AL-Quraishi,2011)

Toxoplasma gondii is worldwide distribution protozoan parasite that is
estimated to infect one-third of the world’s human population. Many species
it can infected a warm-blooded animals and is a significant zoonotic and
veterinary pathogen (Almeria and Dubey,2021). The National Institutes of
Health, Bethesda and USA are recognized as a category B priority pathogen.
In several of its hosts, T. gondii is associated with congenital infection and
abortion. In addition, T. gondii can cause encephalitis or systemic infections
in the immunocompromised, particularly individuals with HIV/AIDS. It has
been 100 years since T. gondii was first discoveredgy70 in the tissues of
Ctenodactylids gundii, a North African rodent, by Nicolle and Manceaux
(1908). In the same year Splendore (1908), in Brazil, was identified on the
organism in the tissues of a rabbit. The genus was named by Nicolle and
Manceaux as Toxoplasma for its bow-like shape (from Greek: toxo = bow or
arc; plasma = creature) (Halonen and Weiss,2009).
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Further insight into the great prevalence of this parasite and the
discovery of the Toxoplasma life cycle during the 1970s should have depicted
Toxoplasma as a relatively harmless microorganism, or model pathogen,
during this time (Robert-Gangneux and Dardé,2012). However, the rise of
HIV epidemic during the 1980s, and the increasing number of reports of
pathology as a consequence of chronic toxoplasmosis during the 1990s and
beginning of this millennium, had successively swayed both researchers and
clinicians to re-evaluate the clinical significant and economic impact of
Toxoplasma. (Kadhim et al.,2015).

2-2: The life cycle of the parasite

Toxoplasma is an intracellular obligate parasitic pathogen that is capable
of infecting and replicating within any nucleated mammalian or avian cells T.
gondii infects most species of warm-blooded animals, including humans. The
definitive host is the domestic cat or their relatives (family Felidae), while
rodents, particularly mice and rats, act as intermediate hosts (Gilot-Fromont
et al.,2012). T. gondii can be found anywhere in the world and in human’s
infection can cause life-threatening encephalitis in immunocompromised
individuals such as HIV/AIDS patients or organ transplant recipients (\Woyesa
and Taylor-Robinson ,2021). Infection acquired during pregnancy may spread
into the foetus and cause severe damage to foetal development (Waldorf and
McAdams,2013).

The T. gondii life cycle starts in felids usually through the consumption of
infected prey containing tissue cysts. The cyst wall is digested in the stomach

and intestines, liberating bradyzoite stage parasites that penetrate the
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epithelial cells of the small intestine. This initiates the progressive
development of asexual and by gametogony sexual forms of the parasite
(Robert-Gangneux and Darde,2012). The complex life cycle of this
pathogenic parasite alternates between feline and non-feline infections where
sexual and asexdxual reproduction takes place, respectively (Woyesa and
Taylor-Robinson,2021). Tachyzoites (tachos = fast) and bradyzoites (brady =
slow) are rapidly and slowly growing stages of T. gondii, respectively
(Dubey,2013). Domestic cats are infected through consuming either
sporulated oocysts or intermediate hosts containing tissue cysts. To be
infective, an unsporulated oocyst is converted into a sporulated one within 1-
5 days (Attias et al., 2020). Tachyzoites, also termed endozoites, replicate
inside cells for a 6 to 8 h generation time (observed in vitro) till regress to
infect neighbouring cells. This stage may be identified in the blood during
acute phase Toxoplasmosis (Woyesa et al.,2021). Tachyzoites multiply
slowly in infected host cells and differentiate into bradyzoites

(cystozoites) (Dogga et al., 2022).

In order to remain life-long in their hosts, tachyzoites reside
predominantly in brain, eyes, skeletal and cardiac muscle and it takes 7 to 10
days’ post infection to detect tachyzoites (Mangal et al., 2022). Tissue Cysts
develop within the Cytoplasm of host cells and they enclose hundreds of

crescent-shaped bradyzoites (Lindsay and Dubey ,2020).

The chronic phase of Toxoplasmosis is indicated by development of tissue
cysts of the asexual cycle. While digestion is ongoing rupturing may

happen to cysts ingested with infected tissues. This rel eases bradyzoites that
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infect the epithelium of intestinal lumen where they can differentiate back to
the rapidly dividing tachyzoite stage to disseminate throughout the body,
thereby completing the asexual cycle (Smith et al.,2021).

2-3. Classification of T. gondii
T. gondii is apicomplexan parasite. It belongs to the family of the
Sarcocystidae in the class of the coccidia and is the only species in the
Toxoplasma genus. Coccidia are obligate, intracellular and cyst forming
parasites that infect their hosts through the gastrointestinal tract, Other genera
in the family of the Sarcocystidae are : Besnoitia, Cystoisospora, Frenkelia,
Hammondia, Hyaloklossia, Sarcocystis and Neospora (Genova and Knoll,
2020)
T. gondii, is classified according to (Bandyopadhyay et al.,2022) as follows:
Kingdom: Animalia
Sub Kingdom: Protozoa
Phylum: Apicomplexa
Class: Sporozoea
Subclass: Coccidia
Order: Eucoccidea
Suborder: Eimeriina
Family: Sarcocystidae
Genus: Toxoplasma
Species: T.gondii
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2-4: Epidemiology of Toxoplasma gondii

T. gondii infects about 30 to 50% of human populations worldwide and
more than one million cases of infection contracted through drinking oocyst-
contaminated water or eating tissue cyst-contaminated food, primarily raw or
undercooked pork and lamb, are reported every year in Europe alone (\WWoyesa
and Taylor-Robinson,2021). Hence, it is extremely prevalent in low-income
countries this widespread distribution means that toxoplasmosis not
considered as a classic ‘disease of poverty’. Globally, geographical
differences and food cultural habit variation from one country to another, even
from one area to another within the same country, contribute greatly to
regional variation in prevalence of T. gondii human infection. In particular,
food cultural variation among ethnic groups in the same location is the main
reason for their different observed rates of infection of T. gondii. For instance,
the highest prevalence of toxoplasmosis was reported from France (54.3%)
when compared with other European countries in earlier studies (Robinson et
al., 2021).

A two-year survey in the US revealed the seroprevalence of T. gondii
among persons >6 years was 13.2%, and the age-adjusted prevalence was
12.4%, with the largest prevalence (9.1%) among women in the 15 to 44 years
age group (Firdaousse et al., 2021). Data analyzed for 19 years (1995-2008)
from 88 countries, 29 of which were in Europe, indicated the correlation of
toxoplasmosis with specific diseases burden estimated as age-standardized
disability adjusted life years (DALY's) and also with mortality of women of

childbearing age. According to this published survey, the prevalence of
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toxoplasmosis correlated with 23% of various diseases burden in Europe
(Flegr and Kuba, 2016).

Studies conducted for 16 years at three intervals (1988- 1994, 1999-2004
and 2009-2010) among US women of child-bearing age (15-44 years)
revealed a declining ageadjusted prevalence of Toxoplasmosis (15, 11 and
9%) from earliest to most recent years. These findings indicate that there was
an incremental increase in awareness over time to control Toxoplasmosis
transmission (Rani ,2020). Some African nations reported highest prevalence
of Toxoplasmosis among child-bearing age women that indicates the highest
rate of transmission and lack of awareness to control toxoplasmosis. For
instance, the prevalence of Toxoplasmosis among child-bearing age women
reported from Ghana was 92.5% (Al-Adhroey et al., 2019). T. gondii infects
children not only after birth but also congenitally in utero. Between 40 and
400 children born each year in Canada are infected congenitally by T. gondii

(University of Guelph Centre for Public Health and Zoonoses, 2009).

The highest seroprevalence of T. gondii has been reported from
developing countries like Ethiopia. For example, the seroprevalence of T.
gondii recorded in northern Ethiopia was 76.5% (Chaklu et al., 2020). The
prevalence of Toxoplasmosis was similar among pregnant women with
previous histories of normal delivery and abortion (21.5% vs. 24.6%,

respectively) (Yousefvand et al., 2021).

An investigation in Sudan showed the highest prevalence of T. gondii
among HIV patients (75%), then aborting women (58.3%) and suspected
cases of T. gondii (55.5%) (Mohamed et al., 2016). There is a risk of

toxoplasmic encephalitis in HIV-positive patients and among HIV-negative
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Immunosuppressed patients. Hence, immune status improvement among
Immunosuppressed patients such as those with HIVV/AIDS reduces the chance
of being infected by T. gondii. For instance, studies from Iran on HIV/AIDS
patients indicated a reduction of prevalence of Toxoplasmosis (from 49.75%)
by more than 50% over several years based on improvement of the immune
status of patients (Foroutan et al., 2016). A study reported from Germany
indicated that being in frequent contact with domestic cats and male obesity

(body mass index > 30 kg/m3 ) were independent predictors to acquire

T. gondii infection. Similarly, the rate of T. gondii infection increased with
age of individuals (20% among 18-29 age group versus 77% among 70-79
age group) (Wilking et al., 2016).

2-5: Seroprevalence of Toxoplasmosis

Toxoplasma gondii is an obligate intracellular protozoan able to infect
different species (Zhao et al., 2022). Sexual forms of the parasite are found in
the intestinal epithelium of definitive hosts such as domestic cats: where they
transform into oocysts which are subsequently shed to the environment.
Oocysts, remarkably stable environmentally, are transmitted to other hosts
through inadvertent ingestion (Opsteegh et al.,2022). Humans acquireT.
gondii through ingestion of undercooked meat, contact with feline faeces and
rarely through drinking contaminated water or through transplantation of a
contaminated organ (Pal et al., 2021).

T. gondii is a ubiquitous parasite of warm-blooded animals that causes
one of the most common parasitic infections in humans. The seroprevalence
varies widely in different regions of the globe, measuring between 30% and

60% in most countries (Sint et al.,2023). The prevalence changes according to

10
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social and cultural habits, geographic factors, climate, and transmission route,
and it typically increases with age (Semenza and Besteiro, 2021).
Toxoplasmosis is most dangerous to two populations: immunocompromised
patients and fetuses whose mothers acquire acute infection during pregnancy
(Pleyer et al.,2019).

Under normal immune conditions, T. gondii infection is frequently
asymptomatic, but in individuals who are immunocompromised, such as in
patients with AIDS, the parasites can become widely disseminated, causing
severe Toxoplasmosis and encephalitis ( Zhou et al.,2021). Primary infections
acquired during pregnancy may also result in severe damages to the fetus,
manifested as mental retardation, seizures, blindness, and death (Abdulsamad
and Manhal,2019).

T. gondii infection, when acquired during pregnancy, can lead to fetal
infection, which may ultimately result in the loss of the fetus, or in lesions
which normally involve the brain and eyes (Acharya, 2020). The risk of
maternal fetal transmission of infection increases with gestational age at the
time of exposure, whereas the incidence of severe disease decreases (Balalau
et al.,2020). Seroprevalence of T.gondii infection in women at childbearing
age is found to be between 4%-100%. Incidence of primary maternal infection
during pregnancy varies in a range of 1 to 310 per 10.000 pregnancies in the
populations in Europe, Asia, Australia, and the Americas (Kalantari et
al.,2021).

Toxoplasmosis seroprevalence in women who are pregnant or of
childbearing age originating from Asia and Oceania, once more there is an
over-representation of certain countries such as Iran, while information from

other, geographically larger, countries may be limited. There exists no

11
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obvious gradient in Toxoplasmosis seroprevalence in Asia. High prevalence
foci exist in the Middle East including Turkey, Iran, Irag and Kuwait. (Molan
et al.,2019). Primary infection during pregnancy may cause spontaneous
abortion or stillbirth. In utero infection may cause congenital Toxoplasmosis
with ocular and neurological manifestations. (Dubey et al.,2021). laboratory
animals reported that infection with T. gondii could be a cause of infertility in
experimental animals (Saki et al.,2020).

Protozoan parasitic diseases are endemic in many countries worldwide,
especially in developing countries, where infertility is a major burden. It has
been reported that such infections may cause infertility through impairment in
male and female reproductive systems (Al-Mussawi et al.,2020). The high
rate of infertility, inability to conceive offspring, is one of the most important
and underappreciated reproductive health problems in many countries.
According to data from a comprehensive meta-analysis study by the World
Health Organization (WHO) until 2010, almost 50 million couples suffered
from infertility worldwide (Al-kremy and Al-hassnawi, 2020). several studies
on laboratory animals have shown that infection with T. gondii could be a
cause of infertility in experimental animals.

In female mice, chronic Toxoplasmosis causes endometritis, ovarian
dysfunction, impaired folliculogenesis, ovarian and uterine atrophy, decrease
in reproductive organs’ weight and reproductive performance, adrenal
hypertrophy, vasculitis, cessation of estrus cycling, and reproductive failure
in experimental mice (Rostami et al.,2020).

Proved evidence is available which shows that infection by Toxoplasma
induces foetal loss in women. This agent has predilection for nucleated cells

of muscle, intestinal epithelium and placenta. It can be congenitally acquired

12
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by transfer through the placenta, if the mother contracts the disease during
pregnancy, causing abortions, stillbirths, congenital malformations
(Elsheikha et al.,2020). T. gondii is an important cause of bad obstetric history
(BOH) leading to habitual abortions and now its role as a cause of infertility
has also been established (Affan ,2020). Moreover, studies showed a relation
between positivity for toxoplasmosis and female sterility. Furthermore, visual
Impairment, hearing loss and malignant neoplasms were major coincidental
diseases in T. gondii seropositive cases (Flegr and Karnkova, 2020).

The Toxoplasmosis has some unfavorable effects on reproductive
capacity in both men and women. The data obtained from limited studies
performed in animal models as well as in infertile couples, have supported the
relationship between Toxoplasmosis and infertility (Siddiqui et al.,2014).

The hypothesis concerning infertility mechanisms due to T.gondii in
females include development of endometritis and fetal rejection due to local
release of T.gondii from latently located cysts in endometrial tissue in the
stimulation during plansenta formation; impaired folliculogenesis in ovaries
and uterine atrophy and reproductive failure due to hypothalamic dysfunction
as a result of chronic toxoplasmosis. (Zamaniyan et al.,2023). The infection
of T.gongii more common in warm climates and in low-lying areas than in
cold climates and mountainous regions, where conditions for sporulation and
survival of oocysts are less favourable .

The prevalence of T. gondii infection also varies between ethnic groups,
and it is thought that this is largely due to sanitary and cooking habits rather
than genetic differences. A seroprevalence of 80% has been reported from

Paris where undercooked meat is often consumed . Lower seroprevalences

13
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(10-40%) have been reported in countries from Southeast Asia where meat is
cooked thoroughly (Desmettre,2020).

2-6: Pathogenicity of Toxoplasma gondii

Toxoplasma gondii infection in most immunocompetent adults is
asymptomatic because of effective protective immunity, include extracellular
antibody and intracellular T-cell factors. Endogenous interferon gamma
appears to be an important mediator of host resistant to Toxoplasma (Fereig
et al.,2022 ) In immunocompetent patients almost 90% of the infections are
asymptomatic, while the rest exhibit a self-limiting, flu-like illness that does
not require any treatment .Clinical infection with T. gondii depends on the
Immune status of the patient, (Al-Kaeebi and Al-Jubouri, 2022).Toxoplasma
parasite can be responsible for acute disease in immunocompromised patients

and congenitally infected fetuses and newborns (Giugno et al., 2020).

Symptomatic infection is usually characterized by lymphadenopathy and
reticular cell hyperplasia. In immunocompromised patients such as AIDS,
toxoplasmosis almost always happens as a result of reactivation of chronic
infection. In these patients, clinical symptoms consist of mental status
changes, seizures, sensory abnormalities, cerebellar signs, movement

disorders, and neuropsychiatric findings (Al-Muskakeh et al., 2022).

Humans may remain infected for life and will stay asymptomatic unless
immunosuppression occurs (Herrmann et al., 2010). Primary infection of
toxoplasmosis in immunocompetent subject is usually asymptomatic or
associated with self-limited symptoms such as fever, malaise, and cervical

lymphadenopathy (Khalid et al.,2023) Infection acquired during pregnancy is

14


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4554595/#CR16

CRAPLEr TWO ..o Literature Review

often associated with transmission of T. gondiito the fetus, resulting in
congenital disease., T. gondii infection causes severe manifestation, including
splenomegaly, chorioretinitis, pneumonitis, encephalitis, multisystem organs
failure, and even death In immunocompromised patients (Daher et al.,2021).
T. gondii has a worldwide distribution and is of both medical and veterinary
Importance. Most of the T. gondii infections in humans are asymptomatic and
have a benign course. However, in congenitally infected or immune-
suppressed people, the consequence could be a serious illness or death (Vado-
Sol’1s et al.,2014). Cats are the definitive hosts for T. gondii; therefore, a
major route of parasite transmission in humans and animals is via ingestion of
fruit, vegetables, soil, or water contaminated with oocysts shed by cats. In
addition, the parasite may be transmitted by handling or consumption of

undercooked or raw meat containing tissue cysts (Vado-Sol s et al.,2014).

Toxoplasma gondii may also cause spontaneous abortions during the first 3
month of pregnancy, when most of the fetal organogenesis is occurring. The
probability of an abortion diminishes when infection occurs in the second or
third trimester of pregnancy, but the probability of a child with congenital
malformations increases (Curcio et al.,2020). The belief that long-lasting
Immunity is produced if a woman is infected before pregnancy is changing. It
iIs now known that many atypical T. gondii genotypes exist and that those
genotypes can differ in pathogenicity and transmissibility from the typical
genotypes (Fabiani et al.,2022). Congenital infection is one of the most
important sequels of toxoplasmosis in pregnant women. Congenital
transmission of T. gondii predominantly occurs at the first time during

pregnancy. The approximate incidence rate of congenital toxoplasmosis is 1.5
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cases per 1000 live births with a global incidence rate of 190,100 cases
annually (Abdoli et al,2017).

Frequency of transplacental transmission and severity of congenital
toxoplasmosis correlates with the gestational age of infected mothers. The
highest rates of transplacental transmission occur in the third trimester of
pregnancy; which usually results in asymptomatic infections at birth. (Abdoli
etal.,2017). Although several studies have reported an association between T.
gondii infection and spontaneous abortion Congenital toxoplasmosis is
particularly important during 2 periods of pregnancy. First, early (first
trimester) maternal toxoplasmosis infection affects pregnancyinless than5%
of cases, but may cause severe fetoplacental infections that generally lead to
a miscarriage or, in a few continuing pregnancies, to major fetal

lesions,mainly of the central nervous system(Kalantari et al.,2021).

2-7: Toxoplasmosis and pregnancy

Toxoplasmosis is a widely-distributed zoonosis caused by Toxoplasma
gondii protozon. Although there is a high prevalence of unapparent infections,
toxoplasmosis can develop into a severe systemic illness when in its
congenital form, in which the mother, when infected for the first time during
pregnancy, can present a temporary parasite with focal lesions generated
within the placenta, thereby infecting the fetus (Lopes et al.,2007). Many
diseases are more severe and dangerous to the fetus and Trans placental
transmission may occur during pregnancy. As an immune-privileged organ,
the placenta can tolerate the introduction of antigens without inducing a

strong inflammatory response that would lead to abortion. However, for the
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control of intracellular pathogens, a strong Th1 response characterized by the
production of interferon-y is needed ( Arranz-Solis et al.,2021).

Thus, invasion of the placenta by intracellular parasites puts the
maternal immune system in a quandary: The proinflammatory response
needed to eliminate the pathogen can also lead to abortion. T. gondii is a
highly successful parasite that causes lifelong chronic infections and is a
major cause of abortions in humans and livestock. Here, the study discuss
how T. gondii strain type and parasite effectors influence host cell
signaling pathways, and the study speculate about how this might affect the

outcome of gestation ( Arranz-Solis et al .,2021)

The impact of toxoplasmosis on the health of the mother and the newborn
should not be neglected. The surveillance, prevention, and control of
toxoplasmosis are based mainly on research on IgM and IgG antibodies
against T. gondii (Laboudi et al.,2021). The screening of the disease must be
conducted early during pregnancy to allow the early detection of
seroconversion that can lead to congenital toxoplasmosis. The clinical
manifestations of congenital toxoplasmosis can be particularly severe when
fetal contamination occurs during the first trimester of pregnancy (Laboudi et
al.,2021). The most important concern associated with diagnosing congenital
toxoplasmosis is to determine when the mother has been infected. The
Importance of using serological diagnostic tests such as IgG-avidity assay
which can distinguish between recent and past infections has been proven
(Azimi et al.,2022).

Toxoplasmosis is usually benign. However, it has adverse consequences

in immunocompromised people and fetuses-newborns from women who have
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contracted toxoplasmosis during their pregnancy. Congenital toxoplasmosis
(CT) is the result of mother-to-child vertical transmission of the parasite, and
the risk increases with gestational age (Boucoiran et al.,2020). The severity
of the encountered disorders is inversely related to the pregnancy period at
maternal infection. The disorders may range from severe abnormalities
(mainly neurological and ophthalmic) or abortion during the first trimester of
gestation, to manifestations of variable severity during the second trimester

and asymptomatic traces at the third trimester (Dambrun et al.,2021).

Pregnant females in general are more susceptible to infection than non-
pregnant females. Increase disease susceptibility and severity during
pregnancy have been documented for a variety of diseases, including
bacterial, viral and parasitic. It is the change in immune function during
pregnancy that alters susceptibility and severity to these infections (Littauer
and Skountzou ,2018).

Diagnosis of Toxoplasmosis in pregnant women represents a challenge for
the obstetrician due to subclinical course in the majority of pregnant women
and it is unknown what the long-term outcomes of congenital infection (Khalil
et al., 2020). Infection throug\h placental transmission occurs in 10 - 80%
cases where maternal infection is verified and this depends on the age of the
foetus . Clinical severity of the infection has been found to decrease as the

time of maternal infection progresses (Al Beloushi et al., 2021).

A woman that infected with T. gondii before conception rarely transmits the
parasite to her fetus, but women who are acutely infected or experience a
reactivation of T. gondii infection during pregnancy may transmit the

organism trans placentally (Faral-Tello etal.,2023). Congenital toxoplasmosis
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occurs secondary to an acute maternal infection acquired during pregnancy.
In a congenital infection, the organism, after invading the pregnant mother’s
gastrointestinal tract, enters her bloodstream and invades multiple tissues,
including the placenta (Kota and Shabbir, 2019).

Following multiplication in the placenta, the parasite infects the fetus. The
likelihood and severity of fetal infection depend on when the mother is
infected. The risk of congenital disease is lowest (10 to 25 percent) when
maternal infection occurs during the first trimester and highest (60 to 90
percent) when maternal infection occurs during the third trimester (Souza et
al.,2023).

Clinical toxoplasmosis manifests itself in several forms: disease at birth;
disease occurring during the first month of life; sequelae or relapse of an
undiagnosed infection during infancy, childhood or adolescence; or
subclinical infection (Gilvaz ,2021). Previous studies showed that as a result
of congenital infections approximately 90% of infants are asymptomatic
(Nicloux et al.,2020).

During the first year of life or in early adulthood individuals were at their
highest risk of developing retinochoroiditis (Lago et al., 2020). These studies
showed evidence that 15% - 80% of children with prenatal Toxoplasmosis
develop ocular disease. To prevent this, it is recommended that postnatal

diagnosis is required and treatment should begin rapidly (Saso et al., 2020).

A hypothesis of relaxed quality control explains these phenomena by
postulating that T. gondii could relax the stringency of some ‘quality control’

mechanism, which, under normal conditions, is responsible for miscarriage of

19



CRAPLEr TWO ..o Literature Review

embryos with developmental defects and thus with a (statistically) slower
foetal growth. This hypothesis can also explain an earlier observation of
extremely high prevalence of Toxoplasmosis in mothers of children with

Down syndrome (Kankova et al.,2015).
2-8: Immunity against Toxoplasma gondii

The innate immune system is the first to respond to infection with
production of interleukin (IL)-12 by neutrophils, dendritic cells (DCs), and
monocytes but not macrophages t hat have phagocytosed T.gondii The innate
iImmune system is the first to respond to infection with production of
interleukin (IL)-12 by neutrophils, dendritic cells (DCs), and monocytes but
not macrophages that have phagocytosed T.gondii ( Fisch and Frickel 2019).

The human cellular response to T.gondii -infection is highly dependent on
cell type and the infecting strain of T.gondii (Saeij and Frickel ,2017).
Interestingly, although the principal cytokine controlling T. gondii -infection
is IFNy, other cytokines have been implicated. For example, brain microglial
cells control T. gondii growth by production of tumour necrosis factor o
(TNFa) and IL-6 .TNFa is proposed to mediate T.gondii Killing in patients
with IFNy receptor 1 (IFNGR1) deficiency, partially compensating for lack of
IFNy-responsiveness ( Fisch and Frickel, 2019).

Furthermore, IFNy-independent control of T.gondii has been reported via
cluster of differentiation (CD)40-induced autophagy of parasitophorous
vacuoles (PV) in human macrophages , with the caveat that T.gondii activates

epidermal growth factor receptor (EGFR) to combat its own autophagic
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clearance . It is likely that several different host response pathways act in

concert to control T. gondii -infection (Muniz-Feliciano et al.,2013).

One of the most distinctive immunologic features of T. gondii infection is
the strong and persistent CMI elicited by the parasite, resulting in host
protection against rapid tachyzoite growth and consequent pathologic changes
(Sanchez and Besteiro ,2021).

Another interesting aspect of Toxoplasma-triggered immunity is that it is
normally harmless to the host. Thus, in contrast to many other parasites and
several experimental models of toxoplasmosis, T. gondii under normal
conditions fails to elicit significant immunopathologic changes in
immunocompetent hosts and is usually accompanied by symptoms no more

severe than fever, fatigue, and lymphadenopathy (Saeij and Frickel ,2017).

In recent years, several trials on DNA-based and protein-based vaccines
have focused on T. gondii antigens belonging to several major protein
families, such as the glycosylphosphatidylinositol (GPI)-anchored proteins
named SAG (surface antigens), SRS (SAG1-related sequences), and SUSA
(SAG-unrelated surface antigens), rhoptry antigens (ROPs), dense granule

antigens (GRAs), and micronemal proteins (MICs) (Dodangeh et al.,2019).

The most common antigens used for experimental cocktail vaccines
together with SAG1 were ROP2 and SAG2. In addition, the most parasite
strains used were RH and ME49. Freund’s adjuvant and cholera toxin have
been predominantly utilized. Furthermore, regarding the animal models, route

and dose of vaccination, challenge methods, measurement of immune
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responses and cyst burden have been discussed in the text (Pagheh et
al.,2020).

Most of these experimental vaccines induce immune responses and have a
high degree of protection against parasite infections, increase survival rates
and duration and reduce cyst burdens. The data demonstrated that SAG1
antigen has a high potential for use as a vaccine and provided a promising
approach for protecting humans and animals against toxoplasmosis (Pagheh
et al.,2020).

Toxoplasmosis in immunocompromised individuals (AIDS, bone
marrow transplant and neoplasia). The antigens that have been proposed to be
used in vaccine candidate in various studies include surface antigens and
secretory excretions that have been synthesized and evaluated in different
studies. In some studies, secretory antigens play an important role in
stimulating the host immune response. Various antigens such as SAG, GRA,
ROP, ROM, and MAG have been from different strains of T. gondii have been
synthesized and their protective effects have been evaluated in animal models
in different vaccine platforms including recombinant antigens, nanoparticles,
and DNA vaccine (Mamaghani et al .,2022).

2-9 Immune response against T. gondii in the intermediate host

The ability of T. gondii to persist in a wide range of intermediate hosts is
the result of a balance between the host immune system and the parasite’s own
escape mechanisms. Noticeably, cell responses to infection are dependent on
species and cell types infected by the parasite ( Sanchez and Besteiro ,2021).
It is also known that the different parasite strains will not induce the same
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Immune response depending on the presence and the polymorphism of their
effectors. Most of the in vivo infection data for T. gondii were generated in
mice, not only because they are well-characterized models for mammalian
immune function in general, but also because they are natural hosts of the

parasite ( Arranz-Solis et al.,2021).

Although the findings described in this part mostly focus on mice as the
archetypal model for mammalian response to T. gondii, it should be kept in
mind that there are marked differences between humans and mice in sensor
and effector proteins that determine host resistance to this parasite ( Mayoral
,2020).In the early stages of T. gondii infection, dendritic cells (DCs),

macrophages, and monocytes are the first host cells to respond.

Classically, during pathogen infection the host will first identify the “non-
self” via receptors called PRRs (pattern recognition receptors) located on the
cell surface or inside the cell (like Tolllike receptors — TLR-). These receptors
will generally recognize components of microbes or pathogens called
MAMPs or PAMPs (microbes/pathogens associated molecular patterns). This
way, innate immune cells will trigger the production of IL-12, a cytokine that
plays an early and main role in the resistance to bacterial and parasitic

infections (Rossella et al.,2021).

In mice, the main mechanism driving IL-12 production in response to T.
gondii infection is through the recognition of T. gondii profilin by TLR11 and
TLR12 (Mahmoudzadeh et al.,2021). However, other proteins or parasite
molecules, such as glycosylphosphatidylinositols, can also activate TLRs
(Costa et al.,2019). Humans do not have functional equivalents to all murine

23



CRAPLEr TWO ..o Literature Review

TLRs, and thus may not use the exact same mechanism for parasite sensing
(Sher et al.,2017).

2-10: The effect of parasite on human fertility

Latent infection of the globally spread parasite Toxoplasma gondii in
humans has been associated with changes in personality and behavior.
Numerous studies have investigated the effect of toxoplasmosis on depression
(Hlavacova et al.,2021). About a third of people in the world are infected
with Toxoplasma gondii. This parasite has been found in the reproductive
organs and semen of males of many animal species as well as humans. The
effects of toxoplasmosis on sperm count, motility and morphology were
confirmed in rats. A higher prevalence of toxoplasmosis has been observed in

infertile men (Hlavacova et al.,2021) .

Clonal strains of T. gondii are types I, Il, and I11, Type I, the hypervirulent
strain, causes infections leading to death in immunocompetent mice. Type Il
and I11 strains cause nonlethal infections due to their avirulent nature; the
chronic latent infections are the main manifestations of these strains. Adults
usually have no manifestations following infection with T. gondii;
nevertheless, Toxoplasmosis is associated with devastating outcomes in a
developing fetus (Saki et al.,2020). Apoptosis is a type of programmed cell
death that is morphologically homogeneous, apoptosis morphologically
shrinks nuclei and cytoplasms, condenses nuclear chromatin, dilates
endoplasmic reticulum, and blebs membrane (Chen et al.,2006). It is
necessary in physiological conditions to regulate and fine-tune organelle

function and architecture, it also can be induced or impeded during
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pathological conditions such as infections, inflammations, and cancer (Aitken
et al.,2011).

A dynamic and synchronized maturation of stem spermatogonia into
mature spermatozoa is called spermatogenesis; the testicular seminiferous
tubules are the major site of spermatogenesis. The first wave of
spermatogenesis occurs as soon as the gonocytes differentiate into
spermatogonia; apoptosis increases also occur in this phase (Houda et
al.,2021).

Some studies have investigated the rate of apoptosis in infertile males and
shown interestingly the higher rate of apoptosis in the individuals. Moreover,
they have also reported the percentage of apoptotic sperm is more abundant
in ejaculated semen samples from infertile men. Therefore, it seems apoptosis
can be regarded as one of the etiological molecular pathways involved in male
infertility (Saki et al.,2020).

Infections may be infertile through damage to the female reproductive
system. There are some parasitic primary animals such as Trichomonas
vaginalis which may cause genital tract abnormalities, cervical tumors and
tubal and non-anomalous pelvic infections in women. T. gondii causes
endometriosis, dysplasia of reproductive tract and synthetic disorders such as

intrauterine adhesions (Al-Mussawi et al.,2020).

So the incidence of the T. gondii present and manifestations of some sex
hormones at infertile persons.Follicle-stimulating hormone (FSH), 17-B
Estradiol (E2), and testosterone are key regulators for the development and

progress of germline cells. Also affect many defensive functions to the
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iImmune system. T.gondii attempts to manipulating these Hormones
concentration to their survive ( Al-Ardi ,2021).T. gondii is an important
member of the infections group “TORCH” (Toxoplasma ,Rubella,

Cytomegalovirus, and Herpes viruses ( Gyang et al .,2015)

The tissue cysts are used for the diagnosis of infection and also in
Immune compromised patients (e.g. Acquired immunodeficiency syndrome).
the tissue cysts act as a source of organisms when these tissue cysts rupture
for a fetus the severity of the disease depends upon the gestational stage
of pregnancy in which the infection occurs, in fetuses the most
significant congenital T. gondii infections can be caused in the first trimester
(Ullah et al.,2022). About 35 to 45% of mothers who had been infected and
developed serum antibodies to T. gondii infection before their first pregnancy,
their fetus has no risk of infection, T. gondii antibodies “IgM” detection is
useful especially in acute or primary infection diagnosis in “risk” individuals
such as immunocompromised patients, pregnancy, and organ
transplantation (Dupont et al., 2021) .

Toxoplasmosis modifies various hormones and cytokines in the infected
hosts which may result in several disorders. Also the hormons testosterone,
DHEA, and prolactin concentration levels among T. gondii infected women
(Bayani et al.,2022). T. gondii infections are also associated with modulation
of circulating hormones, including testosterone and glucocorticoids, both
positive and negative associations have been reported in the literature these
hormones are known to target the amygdala and other interconnected regions
of the brain, including the hippocampus and hypothalamus, which in turn
regulate circulating steroid hormone levels that influence behavior (Heany et
al.,2016).
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The clinical implications of T. gondii infection in pregnant women are
manifold. Unlike acute toxoplasmosis in pregnancy, which could result in
congenital toxoplasmosis and serious damages to fetuses and newborns
(Lucignani et al.,2022). latent toxoplasmosis of the mother seems to have no
significant negative impact on the health of the offspring. However, pregnant
women with latent toxoplasmosis have been reported to have prolonged
pregnancy and seemingly younger (less developed) fetuses, especially at the

16th week of pregnancy (Flegr and Kankova ,2020).

Toxopalasma gondii could cause endometritis, impaired folliculogenesis,
ovarian and uterine atrophy, adrenal hypertrophy, vasculitis, and cessation of
estrus cycling in female and also decrease in semen quality, concentration,
and motility in male (Rostami et al.,2020). A 1.9 % of women aged between
20 and 44 suffered from primary infertility, inability of young women to have
their first live birth, and 10.5 % of women who already had one childsuffered
from secondary infertility that is inability in the have another baby (Barrera et
al., 2022).

Female mice developed more severe brain inflammation than male mice
following infection. Moreover, a direct role for sex hormones was
demonstrated in experiments which found that gonadectomy increased
resistance, whereas estrogen administration exacerbated disease in mice.
Similarly, simultaneous gonadectomy and estrogen treatment predisposed
guinea pigs to increased parasite burdens compared with non-treated control
animals (Zghair and Fadhel, 2015). It has been suggested that toxoplasmosis
has some unfavorable effects on reproductive capacity in both men and

women. The data obtained from limited studies performed in animal models
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as well as in infertile couples, have supported the relationship between

Toxoplasma and infertility (Nazarlu et al.,2020).

It has been well documented that Toxoplasmosis is of crucial importance
especially for pregnant women and immunocompromised patients. In addition
to the risks of gestation complications and congenital infections, it has been
suggested that Toxoplasmosis has some unfavorable effects on reproductive
capacity in both men and women (Holec-Gasior and Sotowinska ,2022).The
data obtained from limited studies performed in animal models as well as in
infertile couples, have supported the relationship between Toxoplasma and
infertility (Niknamian,2019). T. gondii positive women reported to take a
significantly longer time to conceive and to have more frequent or more

serious fertility problems than T. gondii-free women ( Kankova et al.,2015).

Many studies correlated between reproductive performance and
Toxoplasmosis. T. gondii deteriorated the male and female reproductive
performance in many experimental animals. Toxoplasmosis decreased
hypothalamic, pituitary and gonadal secretion. Furthermore, Toxoplasmosis
also caused profound adverse effect on human reproductive functions
(Choudhari,2022).

Acute toxoplasmosis infection caused hypogonadotrophic gonadal
insufficiency in male patients regardless of the course of the disease. The
women with toxoplasmosis may complain spontaneous abortions, stillbirths,
intrauterine growth retardation, preterm deliveries, or fetal anomalies (Ogbera
and Anaba ,2021).
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2-11: Cyclophilin A in human body

Cyclophilins are a family of proteins from vertebrates and other organisms
that bind to cyclosporine (cyclosporine A), an immunosuppressant used to
suppress rejection after organ transplantations. These proteins exhibit peptidyl
proline isomerase activity, which catalyzes the trans to cis isomerization of
peptide bonds on proline residues and facilitates protein folding (Liao et
al., 2020). At present, 17 types of cyclophilins with different structures have
been identified in human cells, among which the most abundant one is
cyclophilin A (CypA), which accounts for 0.1-0.6% of the total cytoplasmic
protein (Harikishore and Sup Yoon, 2015).

Cyclophilins have important homeostatic roles, but following tissue
injury, cyclophilin A (CypA) can promote leukocyte recruitment and
inflammation, while CypD can facilitate mitochondrial-dependent cell death
(Leong et al.,2021). Cyclophilins contribute to many pathologic processes,
and cyclophilin inhibitors demonstrate therapeutic activities in many
experimental models. However, no drug with cyclophilin inhibition as the
primary mode of action has advanced completely through clinical

development to market (Kuo et al.,2019).

Cyclophilin A (CypA), which was initially discovered in 1984, is the
primary target molecule of the immunosuppressant cyclosporine A. CypA is
involved in numerous biological activities, including protein folding ,

inflammation , immunosuppression (Li et al .,2012).

A previous study conducted by demonstrated that CypA is able to promote
myocardial hypertrophy and exacerbate the severity of Ang Il-induced
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myocardial hypertrophy. In rats, CsA effectively blocks or alleviates Ang Il-
induced myocardial hypertrophy by binding with CypA to form a dimer
complex and inhibiting Ang Il activity by binding to calcineurin (Venkatesan
et al ,.2010).

Cyclophilin (CYP) is the major intracellular binding protein for the
Immunosuppressive drug cyclosporine (CS) (Gurung et al.,2023). CYP
distribution was investigated in human tissues by solid-phase immunoassay,
Western and Northern blot analysis as well as immunohistochemistry. CYP
was found in all tissues examined at concentrations in the range of 1
microgram/mg protein. Furthermore, mMRNA specific for CYP was found in
every tissue, indicating local production of the protein. Immunohistochemical
investigations revealed preferential parenchymal and only little stromal
localization. Within certain organs, e.g. kidneys, regional differences of
Immunoreactive CYP was evident. The presence of CYP was also
investigated in several lymphoid and non-lymphoid cell lines and was found
at comparable concentrations. Immunogold staining confirmed cytosolic, but

revealed also nuclear localization of CYP (Favretto et al.,2023).

Cyclophilin A is linked to diverse human diseases including viral
infections. inhibitors of cyclophilin A (CypA), which is a ubiquitous,
cytosolic protein with peptidyl—prolyl cis—trans isomerase (PPlase) activity
first described in 1989, belonging to the immunophilin family. There is
abundant experimental evidence suggesting that CypA is crucially involved
in human diseases including not only cardiovascular diseases and cancers but
also viral infections ( Han et al.,2022). Cyclophilin A is widely expressed by

all prokaryotic and eukaryotic cells. Upon activation, CyPA can be released
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into the extracellular space to engage in a variety of functions, such as
interaction with the CD147 receptor, that contribute to the pathogenesis of
cardiovascular diseases. CyPA was recently found to undergo acetylation at
K82 and K125, two lysine residues conserved in most species, and these
modifications are required for secretion of CyPA in response to cell activation

in vascular smooth muscle cells (Rosa et al.,2022).

The major forms of cyclophilins reported in humans include CyPA
(PPIA), CyPB (PPIB), CyPC (PPIC), CyP40 (PPID), CyPE (PPIE), and
PPIF (Hadpech and Thongboonkerd,2022). Herein, the study avoid using an
acronym CyPD, which is somewhat confusing as it can refer to PPID (encoded
by the PPID gene on chromosome 4) and/or PPIF (encoded by the PPIF gene
on chromosome 10). Most of the cyclophilins (CyPA, CyPB and CyPC) are
found in cytoplasm and extracellularly, while CyPE is found in nuclear
compartment and PPIF is identified as a mitochondrial cyclophilin . Among
them, CyPA is the most abundant cyclophilin accounting for about 0.1-
0.6% of total protein in the cytoplasmic compartment (Hadpech and
Thongboonkerd,2022).

2-12: Relation between cyclophilin A and T.gondii in infertility

women

Toxoplasma gondii is a protozoan parasite that can infect all mammals,
that serving as intermediate hosts. The cause of congenital toxoplasmosis is
transplacental transmission of the parasite to the foetus, resulting in wide
range of manifestations from mild chorioretinitis to miscarriage. Its frequency
can be reduced by early screening of pregnant women which is based mainly

on tests for anti-Toxoplasma antibodies (Khan et al.,2020). Parasites
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belonging to the Apicomplexa phylum still represent a major public health
and world-wide socioeconomic burden that is greatly amplified by the spread
of resistances against known therapeutic drugs. Therefore, it is essential to
provide the scientific and medical communities with innovative strategies
specifically targeting these organisms (Fréville et al .,2022) .

Cyclophilin A plays important roles in inflammation and oxidative stress
and is significantly increased in serum of preeclampsia (PE) patients.
Preeclampsia (PE) is the most complicated type of pregnancy-related
hypertensive disorder ( Leslie and Papageorghiou, 2011). A 3 to 5% of
pregnancies in the United States and up to 8% of pregnancies worldwide are
reported affected by PE. Combined with other hypertensive disorders PE acts
as a main cause of maternal and fetal mortality and morbidity . The clinical
manifestations of PE include severe high blood pressure, proteinuria, and
complications such as renal and heart insufficiency, liver involvement,
hematological disorders, preterm birth and fetal intrauterine growth
restriction. It has been reported that PE is associated with inherited
susceptibility, oxidative stress, immune regulation, and superficial
implantation of placenta (sun et al.,2019).

Cyclophilin A is known as an inflammatory mediator that is secreted by
various types of cells in response to inflammatory stimuli. Previous studies
have shown that immunohistochemical expressions and/or circulating levels
of CyPA are high in many diseases that cause inflammatory conditions in the
body. Patients with PCOS have lower circulating levels of CyPA than women
with normal ovaries. Decreased CyPA levels may be related to increased
insulin resistance in PCOS patients (Usta et al.,2018).
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Cyclophilin A is a 18 kDa protein with cis—trans isomerase activity that has
intracellular and secreted forms. Cytosolic CypA is a multi-functional
chaperone that takes part in folding, transport, and assembly of proteins, and
in the regulation of cell proliferation (Wang and Heitman , 2005). and signal
transduction from a T-cell receptor ,As CypA is also the main ligand for
cyclosporine A (CsA), it thus mediates the action of this immunosuppressive
drug (Kalinina et al.,2019). Both extracellular and intracellular CypA have
been shown to play pathological roles in animal models of many diseases. data
In humans show that the level of plasma CypA correlates with disease
progression and severity. Cardiovascular diseases in which CypA plays a
potential pathogenic role include carotid intima—media thickness, coronary
artery disease, peripheral artery disease, PAH, and blood—brain barrier
dysfunction. This diversity of diseases supports the concept that extracellular
CypA is a pathogenic mediator of cardiovascular disease (Xue et al .,2018) .

Asherman’s syndrome (AS) is characterized by intrauterine ad-hesions
or fibrosis resulting from scarring inside the endometrium. AS is associated
with infertility, recurrent miscarriage,and placental abnormalities. Although
mesenchymal stem cells show therapeutic promise for the treatment of AS,
pharmacologic and genetic tools,we uncovered that hUC-PVSCs secrete
paracrine factors, such as Cyclophilin A (CYP-A), that improved
compromised uterine environments via hypoxia inducible factor 1a (HIF1a)-
dependent angiogenesis in mice with AS ( Park et al.,2020) .

Also Women with polycystic ovary syndrome (PCOS) are more likely to
suffer from obesity, insulin resistance, and chronic low-grade inflammation
than other women. Cyclophilin A is known as an inflammatory mediator that

Is secreted by various types of cells in response to inflammatory stimuli. The
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Immunohistochemical expressions and/or circulating levels of CyPA are high
In many diseases that cause inflammatory conditions in the body. The patients
with PCOS have lower circulating levels of CyPA than women with normal
ovaries. Decreased CyPA levels may be related to increased insulin resistance
in PCOS patients. Further research is needed to evaluate the association
between CyPA and PCOS (Usta et al.,2018).

Toxoplasma gondii infection is one of the most prevalent infectious
disease with worldwide distribution. Congenital toxoplasmosis is annually
responsible for 1.20 million disability-adjusted life years around the world,
but often it is overlooked many countries. T. gondii is associated with several
brain related disorders in both mothers and newborns, and also it is cause of
several abnormalities in reproductive organs ( Fallah et al.,2021).

CypA also plays a critical role in infection or the life cycle of certain
parasites or host immune regulation. They are also candidate drug targets, in
particular for the immunosuppressant cyclosporine A. In addition,
cyclosporine is known to exhibit anti-parasitic effects on a wide range of

organisms including several apicomplexa ( Park et al.,2019).

2-13/ The lipid phospholipase in the human body

Enzymes of the phospholipase superfamily are involved in lipid
metabolism, as well as regulation of membrane composition, cell signaling,
and inflammation. an insight into the structure, functional properties, and
biotechnological application of phospholipase A2 and phospholipases in
general (Filkin et al.,2020). Mammalian generates phosphatidic acid, a
dynamic lipid secondary messenger involved with a broad spectrum of

cellular functions including but not limited to metabolism, migration, and
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exocytosis (Bowling et al.,2021). Historically, only one mammalian
PLA; enzyme, which is abundantly present in pancreatic juice, was known
before 1986 .The second PLA;, which is stored in secretory granules of
platelets and other immune cells and is markedly induced in various inflamed
sites such as in synovial fluid of rheumatoid arthritis, was cloned in 1989
.Because of their sequence similarities to soluble PLA,S present in snake
venoms, pancreatic and synovial PLA,s were termed groups | and II(Kudo
and Murakami,2002).

Phospholipase A.s constitute a wide group of lipid-modifying enzymes
which display a variety of functions in innate immune responses The
phospholipase A; (PLA;) superfamily consists of a broad range of enzymes
defined by their ability to catalyze the hydrolysis of the ester bond at the sn-2
position of glycerophospholipids. The hydrolysis products of this reaction,
free fatty acid and lysophospholipid, serve as precursors for a variety of
bioactive lipid mediators with important biological roles (Nagarajan et
al.,2021) .

The PLA,s are systematically classified according to sequence
homology criteria, and include 16 groups (I-XV1), most of them with several
subgroups, comprising more than 30 proteins. An alternative classification
also exists that groups these enzymes into six major classes on the basis of
biochemical similarities and/or cell regulation properties. These are the Ca?*-
dependent cytosolic PLA,s, the Ca?*-dependent secreted PLA,s (SPLA,), the
Ca*-independent cytosolic PLA,s, the platelet-activating factor acetyl
hydrolases, the lysosomal PLA,; and the adipose-specific
PLA; (Murakami,2019). The sPLA, family represents the largest class of
PLA; enzymes and possesses, as a common motif, a conserved His-Asp
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catalytic dyad (Lambeau and Gelb, 2008). The sPLAs are widely distributed
In pancreatic secretions, inflammatory exudates, and also in arthropod and
snake venoms. A variety of biological activities have been described for
SPLAs, including digestive actions, toxic activities (neurotoxic, myotoxic,
hypotensive, etc.) and immune roles (Rodriguez et al.,2020) .

Throughout its evolution, T. gondii has developed mechanisms that
enable a long-lasting parasite -host interaction to assure its survival without
inducing life-threatening disease in the intermediate host, making it extremely
adapted for infection in humans (Lang et al.,2007). Phospholipases A, (PLA>)
play an important role in T. gondii host cell penetration. They are also key
enzymes in the host cell response to the parasite invasion. PLA; hydrolyse
cellular phospholipids, releasing multiple inflammatory lipidic mediators
(Teixeira et al.,2022).

These phospholipid-hydrolyzing esterases are crucial for membrane
dynamics during host cell infection and egress by the parasite as well as for
replication and cell signaling, and thus they are considered important
virulence factors ( Flammersfeld et al.,2018).

Also the new way of evicting Toxoplasma gondii from cells. In resting
cells, T. gondii creates a vacuole surrounded by a membrane, inside which it
can replicate and grow without being destroyed by the immune system.
However, when the immune system stimulates the cell with a protein called
interferon gamma (IFNy) multiple genes are activated, including a gene called
RARRES3 which codes for a phospholipase enzyme and is regulated by a
transcription factor called IRF1 (Sdnchez-Arcila and Besteiro,2021).

36



CRAPLEr TWO ..o Literature Review

2-14/ The immunity aspect in human body against the parasite

infection

Twenty-first-century witnesses significantly rapid development in
science and technology sectors. The 21st -century skill is required to master
critical thinking skill very desirable in labor force in the education sector.
Education will enable the students to acquire competency in skill considered
as an important part of the curriculum high-quality education is student-
centered and enables the students to achieve the level higher than the one
expected to make them thinking critically, doing critical thinking, improving
Imagination, being creative, solving the problem, and making positive critique
(Elisanti et al.,2018).

So the immune system is an important system for human health. The
function of immune system is to protect the body from various pathogens such
as viruses, bacteria, parasites. If the immune system is good, the protection
from various pathogens that cause disease will be increasingly. However, the
Immune system can also be weakened. Factors that influence the work of the
Immune system are age, nutrition, exercise, hormones, and emotions. Eating
nutritional food is one way to improve the immune system (Pratiwi and
Pratiwy ,2020).

The discovery of interleukin (IL)-6 and its receptor subunits provided a
foundation to understand the biology of a group of related cytokines: IL-12,
IL-23, and IL-27. These family members utilize shared receptors and cytokine
subunits and influence the outcome of cancer, infection, and inflammatory
diseases (Wojno et al.,2019).

IL-6 and the heterodimeric cytokines IL-12, IL-23, and IL-27 belong to the
class I hematopoietin family of cytokines, based on their shared four-a-helix-
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bundle motif. This motif is oriented in an up-up-down-down topology and is
only found in helical cytokines. The  subunits of the heterodimers are linked
to the a subunits through a disulfide bond. The receptor binding partners for
these Cytokines belong to the largest class of cytokine receptors, the
hematopoietin receptor family ( Wojno et al.,2019).

Interleukin-17 (IL-17) is a pro-inflammatory cytokine secreted by
activated T-cells. Recently discovered related molecules are forming a family
of cytokines, the IL-17 family. The prototype member of the family has been
designated IL-17A. Due to recent advances in the human genome sequencing
and proteomics five additional members have been identified and cloned: IL-
17B, IL-17C, IL-17D, IL-17E and IL-17F. The cognate receptors for the IL-
17 family identified thus far are: IL-17R, IL-17RH1, IL-17RL (receptor like)
(Moseley et al.,2003).

The IL-17 family contains six isoforms of 20-30 kDa molecular weight
and is a group of secreted and glycosylated proteins. All other members of the
IL-17 family show 20-55% sequence homology to IL-17A, with IL-17E
exhibiting the lowest homology with other family members . IL-17A and IL-
17F could exist as heterodimers or homodimers and are co-expressed by
linked genes . Structurally, IL-17 family proteins have a conserved C-
terminus with four cysteine residues, which form intramolecular disulfide
bridges (Ge et al.,2020).

During the acute phase of the T. gondii infection, tachyzoites multiply
rapidly within the nucleated cells; finally, they lyse host cells and are
hematogenously distributed throughout the body. After the acute phase, the
host immune system develops a protective response; finally, it is altered from

tachyzoite to bradyzoite form, and the formation of cysts occurs.The parasite
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generates cysts in muscle and neural cells, including neurons, glial cells, and
especially astrocytes . because the brain is an immune-privileged site for
having a long life of T. gondii cysts ( Fallah et al.,2021).

IL-17A can be secreted by other cell subsets, such as yoT cells, cytotoxic
CD8+ T cells, innate tissue-specific cells, innate lymphoid cells (ILCs), and
myeloid cells . IL-17A-mediated inflammation is required for host protection
and survival against infection . IL-17A can also exacerbate fetal inflammatory
responses, and has been implicated in immunopathology. IL-17A levels are
elevated in various inflammatory conditions, including sepsis, pneumonia,
systemic lupus erythematosus, rheumatoid arthritis, allograft rejection, and
cancer (Ge, and Yao0,2020) IL-17A is produced mainly by lymphoid cells,
including Th17, Tcl7 and yd T cells, and ILC3, in the course of various
infections. Several pathogens also induce IL-17A production by neutrophils
( Ge and Yao0,2020). While the induction of a cell-mediated response is
essential for protection against T. gondii, the initial innate immune response
led by neutrophils has also been reported to be critical for successful
resolution of the infection . The factors involved in the development of this
neutrophil response against infection have not been well studied. Recently,
interleukin 17 (IL-17) has been shown to be one of the major Cytokines
involved in the development and recruitment of neutrophils ( Kelly
et.al.,2005) .
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2-15/ The effect of Tumor necrosis factor inhibitors on the

infected women

Tumor Necrosis Factor is a polypeptide protein which initially
manufacture as a pro peptide by an enzyme TNF-o converting enzyme
(TACE) to turn into a full form secretary TNF- alpha consist from 157 amino
acids, mainly produced from activation of macrophage, dentretic cell and T-
lymphocyte and less producing from BLymphocyte at T. gondii infection
(Hilal and Hamad ,2019). TNFa (tumor necrosis factor) is both a pro-
inflammatory and anti-inflammatory cytokine that is central to the
development of autoimmune disease, cancer, and protection against infectious
pathogens. As well as a myriad other activities, TNFa can be a product of T
cells and can act on T cells.( Mehta et al.,2018).

Some macrophage-secreted cytokines are considered indirect biomarkers
for toxoplasmosis , including IFN-y, TNF-a and IL-10 That TNF-a was
found to be increasing during infection and decreasing during the treatment
back to its healthy level (Hussein and Ali,2022). TNFa is a dynamic pro
inflammatory cytokine having pleiotropic actions on numerous cell kinds
and an important role in the chronic disease pathogenicity. TNFa is
secreted by different cell kinds including immune cells like (B cells and
T cells, natural Kkiller cells, basophils, dendritic cells, eosinophil,
neutrophil and mast cells), nonimmune cells (astrocytes, granuloma
cells, fibroblasts, glial cells, and keratinocytes) (Saheb et al .,2020).

Primary infection during pregnancy can be complicated by maternal-fetal
transmission, responsible for congenital Toxoplasmosis. After the acute
infection phase, toxoplasmosis evolves into a chronic infection during which

the parasites become encysted in the brain and other organs where they remain
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in a latent form, probably for lifetime of the infected person. Reactivation of
these encysted parasites can occur in cases of immunosuppression and can
result in pulmonary, cerebral , or ocular disease, the latter also being observed
In immunocompetent patients ( Denis et al .,2022).

Despite the infections often being subclinical, T. gondii infection induces
a strong immune response, as was demonstrated in animal studies,
Recognition of the parasite through Toll-like receptor (TLR) signaling
activates the production and secretion of many proinflammatory Cytokines
that play a major role in the infection control , such as interleukin 1 (IL-1),
interferon-y (IFN-y), tumor necrosis factor-a (TNF-a), 1 IL-6, IL-12 or, more
controversially, IL-17A (Fisch et al., 2019). the infection with T. gondii
enhances both humoral and cell-mediated immunity . The innate response to
T. gondii includes the involvement of a wide range of cytokines such as
interleukins, Interferon gamma (IFN-y), Tumour Necrosis Factor (TNF),
Nitrogen monoxide (NO), a Reactive Oxygen species (ROS) and many other
factors (El-Sherbin et al .,2019).

Alterations in levels of antibodies and cytokines during the reactivation of
T. gondii infection happen, the role and function of cytokines, in cellular
mediation, in the humoral response, as well as their impaired action during
pregnancy and abortion processes need to be investigated. The present study
was aimed to determine the levels of Interferon gamma (IFN-y), Tumor
Necrosis Factor alpha (TNF-a), and Interleukin 10 (IL-10) in the blood of
aborted pregnant women (Al-Dorry et al.,2021) Recurrent spontaneous
abortion (RSA) is defined as 2 or more times of pregnancy loss in the first 20
weeks of pregnancy. It is a common complication of pregnancy, which
accounts for 2% to 4% (Al-Dorry et al.,2021) .
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2-16/ Transforming growth factor beta and its relation with
infertility

Jack of all trades, master of everything’ is a fair label for transforming growth
factor B1 (TGF-PB) — a cytokine that controls our life at many levels. In the
adult organism, TGF-B1 is critical for the development and maturation of
immune cells, maintains immune tolerance , homeostasis, and regulates
various aspects of immune responses. Following acute tissue
damages, becomes a master regulator of the healing process with impacts on
about every cell type involved (Lodyga and Hinz, 2020). Transforming
growth factor (TGF)-p is a crucial enforcer of immune homeostasis and
tolerance, inhibiting the expansion and function of many components of the
immune system ( Batlle and Massagué, 2019).

The three TGF-p isoforms (TGF-B1, -B2, and —B3), are central regulators of
cell differentiation, migration, proliferation, and gene expression and have
been implicated in both reparative and fibrotic responses. The notion that
TGF-Bs mediate tissue fibrosis is supported by cell biological studies, animal
model experiments, and clinical evidence (Frangogiannis, 2020).

Recurrent spontaneous abortion (RSA) is a common health problem in women
of reproductive age . It is defined by the loss of three or more consecutive
pregnancies before the 20th week of gestation (Motedayyen et al.,2018) .
Although a variety of factors such as infections and abnormalities including
genetic, chromosomal, anatomic, immunologic, and endocrine have been
reported for their attribution into the disease, no identifiable etiology was
diagnosed in about 40-60% of patients (Motedayyen et al.,2018). Its
distribution in worldwide and about 20-90% of world adult population has

serum Toxoplasma antibodies. Several factors affected on the distribution of
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this parasite such as cultural levels, age, residency, sanitation, nutritional
habits, gender, modes and cat bearing houses (Saeed and Al-Aubaidi,2018).
Parasites will proliferate within the host cells lysing them, which they can
disseminate through the body by blood circulation and infect any cells. Fetus
through the placenta of infected mothers can acquire infection; congenital
Toxoplasmosis may cause serious damage to the fetus (Saeed and Al-
Aubaidi,2018).

Toxoplasma gondii excreted-secreted antigens (ESA) cause spontaneous
abortion or fetal teratogenesis during the pregnancy in mice, especially in the
early stage. Those adverse pregnancy outcomes are due to the deficit in
regulatory T cells (Tregs) (Chen et al.,2019). only TGF-1, TGF-B2, and
TGF-B3 are present in mammals; the three isoforms elicit similar responses in
vitro. TGF-B1, the most abundant isoform (Lodyga and Hinz ,2020) .
Transforming growth factor-p (TGF-B) family of proteins that have attracted
much attention because of their ability to control cellular functions. TGF-B3
also contributes to tissue remodeling which occurs after infections and
injuries, this cytokine contributes to development of Th17 and T regulatory
lymphocytes, activation and suppression of immune which play significant
roles in parasite responses, against infection (Hammadi and Hamad.,2021).
Multiplication of T.gondii in maternal tissues may induce a systemic immune
response that harms cells in the fetal brain and course inflammatory necrosis.
Similarly, elevated levels of interferon (IFN)-y, transforming growth factor
(TGF)-B and tumor necrosis factor (TNF)-o have been measured in the serum
of pregnant women in the acute infection which has a harmful effect and cause
abortion. Maternal infections induce clinical signs such as Ocular lesions, a

different type of hydrocephalus and sometimes children are born with acute
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Toxoplasmosis that characteristic by petechial rash, fever, jaundice,
microphthalmia, hepatosplenomegaly, myocarditis and cataract ( Alsailawi et
al .,2022) .
Infection of the placental tissue can result in a placentitis and can lead to
subsequent infection of trophoblast cells, which are at the interface with the
foetal compartment and may let the parasites proceed . This important process
has two main consequences: (i) placental infection may adversely affect this
tenuous equilibrium between maternal and foetal compartments; and (ii) the
placenta is directly involved in parasite transmission to the foetus, making it
a main therapeutic and diagnostic target (Ander et al., 2019).
This opinion paper focuses on these different aspects and places emphasis on
the recovery of the placenta to diagnose congenital toxoplasmosis. Human
trophoblast cells produce interleukin 10 (IL-10) and transforming growth
factor bl (TGF-bl) , which promote a Th-2 immune response to ensure
maternal—foetal tolerance but induce a significant increase in both T. gondii
intracellular replication and invasion(Brenier-Pinchart et al .,2011) TGF-$
might be important in maintaining the balance between control and clearance
of infectious organisms on the one hand and prevention of immune-mediated
pathology on the other ( Poznansky et al.,2023).

(Figure2 -1) illustrate some of the immunological response of the human

immune system to the T. Gondii parasite that was abovementioned.
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Fig( 2- 1): Recognition of T. gondii by innate immune cells leads to

Gene induction

activation of acquired immunity. Macrophages and DCs produce

various inflammatory cytokines and chemokines to promote IFN-y

Production from T cells, NK cells, or ILC1 and the recruitment of

neutrophils and inflammatory monocytes to the infected sites.

Additional well-designed, epidemiological, and experimental larger cohorts
are required about the role of T. gondii in female infertility, recurrent
miscarriages, and other abnormal reproductive outcomes, particularly in Irag.
Understanding the exact immunorespones of the host cells in humans or
animals to the Toxoplasma parasites and the detailed cytokines
interrelationships will promote clarification of exact intracellular protozoal
behavior, recognize the innate response during early infection and the

adaptive immunity for long-term protection, and will also provide important
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insights for the development of therapeutic agents for immunocompromised

subjects that exhibit severe susceptibility to the infection.
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Materials and Methods
3-1: Study design

This work was a retrospective (descriptive-analytical) case-control study
that included 250 patients and 50 subjects as a healthy control. The data were
obtained based on a specific survey formula to exclude cases who had any
medical disorders, information from the subjects was gathered via an
interviewer-managed questionnaire (Table 1). The study was performed
during the period from 1 February to 25" October 2022 from the Private
laboratories and gynecology outpatient clinics of the two Babylon's leading
hospitals: Babil teaching hospital for Maternity and Childhood, and Al-
Imamul-Sadiq Teaching Hospital. A workflow of the present study is shown

in Fig. 1.

The study questionnaire was based on identifying the name and age of the
infertile female, the length of the marriage, any male factors of infertility, the
kind of infertility (primary or secondary), the presence of any field or feline
pets, the hormonal profile of sex hormones, thyroid and pituitary hormones,
history of toxoplasma infection, history of uterine or other Mullerian
anomalies, history of any hereditary and chronic disorders including diabetes
mellitus, cystic fibrosis, asthma, emphysema, tuberculosis, pleurisy or other
diseases of the lungs, albumin or sugar in the urine or other endocrine
problems, and presence of pelvic inflammatory diseases. As well, the

regularity of the menstrual cycle was assessed.
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Total Subjects
Blood specimen
N=300
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N=50 N= 250
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Fig (1) Study design




Chapter TRTee ..........covvvuiiiiiiiiiieennees Materials and Methods

3-2: Types of infertility

Primary infertility is the inability to have any pregnancy, while secondary
infertility is the inability to have a pregnancy after a previously successful
conception ( world Health Organization, 2023 ) Women whose pregnancy
spontaneously miscarries, or whose pregnancy results in a stillborn child,
without ever having had a live birth would present with primary infertility
(Mohammed et al., 2016 )

3-3: Research parameters

The following parameters are being measured for both groups of the
research: Phospholipase, cyclophilin A, IL-12, IL- 17, TNF-a, and TGF-p.

3-4: Instruments and Kits

The instruments and kits used in this study and their sources are presented in
table (3-1), in the appendix consequently

Table (3-1): Instruments and equipment for laboratories

NO. Instruments Company/ origin

1 Disposable syringes Jiangsu/China

2 ELISA reader Biotech/ USA

3 Eppendorf Tubes® Germany

4 Gel tube Germany

5 High speed centrifuge Hettich/ Germany

6 Human Phospholipase, IL-12, Elabscience/ USA
IL- 17, TNF-a, and TGF-
ELISA Kit

7 Human Cyclophilin A, CYPA BT LAB/ Chaina
ELISA Kit
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8 Refrigerator Kiriazi/ Egypt

9 Vidas BioMerieux/France

3-5: Sampling size procedure
The size was calculated based on the formula mentioned below.
n=4XpXq/d2

Where p = Prevalence (Prevalence of the disease which was taken as 50% as
no records were available regarding the study).

g=100-p
d = Absolute error taken as 10%
n=4X50X50/102
n =100 ( Lijffijt et al., 2009).
3-6: Ethical consideration

All infertile women were told of the importance of this research and fully
explain the aims of this study and written consent were also obtained. The
protocol of ethics was approved by the local ethical guide committee of the
hospital and by the College of Science, University of Babylon. Interestingly,
not all subjects were accepted to give their serum samples. The entire study

protocol adhered to the recommendation of the Helsinki Declaration

3-7: Participants collection
3-7-1: A sampling of the participants

A total of 250 hematological samples were taken from female patients.
Patients were selected with a history of infertility. The diagnosis of T gondii

infection among infertile females was performed by specialists and

gynecologists based on history, clinical examination, laboratory investigation,
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Immunological, and appropriate imaging techniques. The control group
included 50 age-matched healthy individuals from Hila City who were
married, appaerantly healthy, has no history of abortion, were fertile, and

revealed negative results for Toxoplasma Gondii 1gG and IgM.

3-7-2: Selection criteria:
Inclusion criteria:

Females with either primary infertility or secondary infertility after
recurrent abortions, during their reproductive age, have normal else other
general medical conditions, regular menstrual cycle, and a probable or
confirmed history of contact with any pets.

Exclusion criteria:

Extreme reproductive ages, females with male factors of infertility,
abnormal hormonal profile, history of interrupted sexual relation, chronic
severe debilitating disorders, females with advanced Mullerian anomalies,
refuse to be enrolled in the study.

It is important to note that all infertile women with any of the
aforementioned related diseases were initially disqualified from participating
in this study; as a result, only 62 women who met the study's inclusion

requirements could take part (N=62/250).

3-8: Immunological Assays

Five milliliters of blood were collected in plane tubes from the patient, then,
serum was separated from whole blood by centrifugation at 2500 RPM for 10
min before being stored at -20°C until use.

Serological assays
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The detection of anti-Toxoplasma IgG and IgM in serum was performed by
using enzyme-linked fluorescent and quantitative IgG tested by automated
VIDAS® family instruments. This assay principle of the kit combines an
enzyme immunoassay method by immunocapture with final fluorescent
detection (ELFA). The procedure of this assay was accomplished based on
manufacture instructions as recommended by BioMérieux Company®

(France).

3-9: Immunological assays Phospholipase, IL-12, IL- 17, TNF-a, and
TGF-p

Phospholipase, IL-17 and IL-12 were measured by using Enzyme-Linked
Immunosorbent Assay (ELISA) technique by using Monobind Inc., Human

Elisa kit (USA), according to the following procedure:

1. Select the wells for the sample, the blank, and the diluted standard. In the
relevant wells, 100 pL of each dilution of the standard, blank, and sample

was introduced.

2. The sealer included in the kit was used to cover the plate. The plate was

then incubated at 37°C for 90 minutes.

3. Each well was immediately filled with 100 uL of the biotinylated
detection Ab working solution after the liquid had been drained from each
one. The plate was then given a fresh coat of sealant. At 37 °C, incubate for

one hour.

4. the plate was removed the solution and filled each one with 350 pL of
wash buffer. A clean absorbent surface was used to dry the plate after it had
soaked for one minute and aspirated or drained the solution from each well.
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5. Each well received 100 puL of the HRP conjugate working solution. At

37°C, the plate was incubated for 30 minutes.
6. The plate washed three times

7. Each well received 90 uL of substrate reagent. Then, incubated at 37°C
for roughly 15 minutes. The last step was add 50 pL of stop solution to each

well, followed by shielding the plate from light after the color has changed.

8. The results were recorded by set to 450 nm, the optical density of each

well was calculated simultaneously.
3-10: Measurement of Cyclophilin A protein

This kit is also an Enzyme-Linked Immunosorbent Assay (ELISA),
produced by Bioassay Technology Laboratory® (China), using Human
Cyclophilin A (PPIA/CYPA) ELISA Kit. Human PPIA antibody has been
pre-coated on the plate. PPIA from the sample is added and interacts with
antibodies that have been coated on the wells. PPIA in the sample is then
bound by a biotinylated human PPIA antibody that has been introduced. The
biotinylated PPIA antibody is then bound by the addition of streptavidin-HRP.
Unbound Streptavidin-HRP is removed following incubation during a
washing phase. Following the addition of the substrate solution, colour
changes according to the concentration of Human PPIA. By adding an acidic

stop solution, the process is stopped, and absorbance is measured at 450 nm.
Assay procedure of Cyclophilin A protein:

1. As directed, prepare all reagents, standard solutions, and samples. Before
use, bring all reagents to room temperature. The experiment was carried out

at room temperature.
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2. Established the number of strips needed for the test. To use, place the

strips in the frames. The strips should be kept between 2 and 8 °C.

3. The walls filled by 50 uL of standard. Since the standard solution already
contains biotinylated antibodies, do not add additional antibodies to the

standard well.

4. Forty ML of sample were poured of material into the sample wells,
followed by 10 pL of Human PPIA antibody and 50 pL of streptavidin-HRP
(not in the blank control well). Mix thoroughly, seal the plate, and incubate
for 60 minutes at 37°C.

5. Removed the sealant and use a wash buffer to wash the plate five times. For
each wash, soak wells in 300 pL. Remove the sealer and wash the plate 5
times with wash buffer. Soak wells with 300 pLL wash buffer for 30 seconds
to 1 minute for each wash. For automated washing, aspirate or decant each
well and wash 5 times with wash buffer. Blot the plate onto paper towels or

other absorbent material.

6. Added 50 pL substrate solution A to each well and then add 50ul substrate
solution B to each well. Incubate plate covered with a new sealer for 10
minutes at 37°C in the dark.

7. Added 50 pL stop solution to each well, the blue color will change into

yellow immediately.

8. Determined the optical density of each well immediately using a
microplate reader set to 450 nm within 10 minutes after adding the stop

solution.
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3-11: Statistical Analysis

All statistical analyses were performed using SPSS 22.0 software statistical
package (SPSS Inc., Chicago, USA) suitable for window. Student's t-test was
performed to determine statistical significance between any comparative
statistic between healthy group and patients. Statistical differences among the
quantitative variables were investigated by ANOVA test. Spearmen's
Correlation coefficient was used to evaluate any relationships between the
study variables. Quantitative continuous results and data were displayed as
mean and standard deviation. Categorical variables were presented as
frequencies and percentages. The significant variation is accepted at the level
of differences (p < 0.05) between the control and treated groups. ( Daniel and
Cross,2018)
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Result and discussion

4-1: main characteristics of the studied variables

Only 62 (24.8%) of the 250 infertile females met the requirements for
the research study and were thus enrolled as a patient group.
Table 1 presented data related to age, marriage duration, infertility type,
presence of certain health conditions, and other variables among the
infertile participants. Based on the table, it seems that the average age of
the patients was 31.6 £4.3 years. Nearly equal numbers of infertile patients
were distributed among the age categories. This finding is consistent with
that of (Eltantawy et al., 2014) who both found no significant differences
in the Egyptian infection rates among the studied age groups in their study,
which include 319 infertile female patients. Another Iranian study also
demonstrated comparable results (Soltani et al., 2021). They displayed no
significant association between T. gondii infection and different age
groups, although the seroprevalence rate in 41-50 years was higher than
that in other groups. However, a prior larger Korean study included 1,265
patients who failed to repeat such observations and reported that the
prevalence tended to increase with age, although this increase was not
statistically significant and a peak seroprevalence was detected in the 40-

49year old age group in a preceded survey (Shin et al., 2009).

The literature suggests though it is not conclusive, that the duration of
infertility is considered in an inverse relationship, and the longer the
infertility, the lower the chance of achieving pregnancy ( Alakkam and
Salim, 2022). In the current study, the average duration of marriage was
3.9+1.3 years. This means the duration of infertility preceding seeking
medical advice is rather longer than what is expected in our society

(Fayyad, 2012). Possible explanations include 1) delayed parenthood as

55



Chapter FOut..........coueevvvunenn., ... Result and discussion

some couples may delay starting a family until later in their marriage due
to various personal or professional reasons, this could potentially impact
fertility, especially for women, due to age-related fertility decline (
Muhammed and Alsakee, 2021). 2) financial causes of the couples that
delay consultation. 3) sociodemographic reasons (Hassan et al., 2022). 4)

earlier ages of females at marriages.

Thirty-three (13.2%) of the infertile women had additional infertility
reasons (male factors) in their partners, which was harmonious with the
results published by other Iraqi studies (Fayyad, 2012, Mohammed, 2021).
Meanwhile, there were 111 (44.4%) participants with primary infertility
and 139 (55.6%) participants with secondary infertility.

Out of the total participants, 152 individuals (60.8%) reported having
field or feline animals and 68 participants (27.2%) reported having a period
infection of toxoplasma. Several recent studies performed in human and
animal models have demonstrated that latent toxoplasmosis is associated
with reproductive organ disorders, and infertility, in pregnant women
(Zamaniyan et al., 2023). Accordingly, the authors advise that screening
and treatment of Toxoplasma infection among infertile women must be

favorably considered.

Forty-one participants (16.4%) were found to have an abnormal
hormonal profile and 71 (28.4%) participants were diagnosed with some
sort of endocrine disorder, and more than half of the participants
complained an irregular menses. Several pieces of evidence from the past
literature demonstrated that many cases of female infertility can reflect
numerous endocrine derangements. Stress, (Lewinski, 2023), cortisol
(Karunyam et al., 2023), growth hormone, (Chang et al., 2022), thyroid
hormones (Mazzilli et al., 2023), ovarian (Alam et al., 2023; Al-Bdairi,
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2021; Al-Bdairi 2021), pituitary disorders (Bendarska-Czerwinska et al.,

2023), as well as several other endocrine disorders.

Twenty-two participants (8.8%) were diagnosed with any Mullerian
anomalies. Congenital uterine anomaly is a type of female genital
malformation that results from abnormal formation, fusion, and resorption
of the Mullerian duct during the early process of development in the fetus
(Albalushi et al., 2023). A meta-analysis of studies on mullerian
anomalies, found higher rates of infertility and spontaneous abortion

(Venetis et al., 2014) among the studied females.

Table (4-1): Main characteristics of the studied variables among all-

participant patients (N=250)

Variables Descriptives
Age/ years (mean = SD) 31.6 4.3
_ 2029 33 (53)
Age categories N= 62
30-39 29 (47)
Period of marriage (mean £ SD) 3.9+1.3
Male factors (mean + SD) 33 (13.2)
Teotmerity | — IR 1(04
Have field or feline animals N (%) 152 (60.8)
Have period infection of toxoplasma N (%) 68 (27.2)
Abnormal hormonal profile N (%) 41 (16.4)
Any Mullerian anomalies N (%) 22 (8.8)
Chronic disease N (%) 11 (4.4)
Sugar or albumin in urine N (%) 6 (2.4)
Endocrine disorders N (%) 71 (28.4)
Irregular menstrual cycle N (%) 140 (56)
Pelvic inflammatory diseases N (%) 100 (40)

57



Chapter FOut..........coueevvvunenn., ... Result and discussion

Pelvic inflammatory diseases (PID) were found in 100 (40%)
participants. For women of childbearing age, PID is a significant cause of
illness and reproductive problems. To better evaluate and discuss the
various treatment methods that are available if spontaneous conception
does not occur, couples trying to conceive should assess their PID history

as early as possible (Hunt and Vollenhoven, 2023).

4-2: Seroprevalence of Toxoplasma antibodies (IgG and IgM) among

the participants

Immunological verification of T. gondii antibodies (IgG and IgM)
among all participants (250 patients and 50 controls) revealed an overall
infection rate of Toxoplasma was 24% among infertile women, which
indicated by a positive serological result for 1gG and/or IgM antibodies,
Table (4-2).

Unlike the relatively low prevalence rate in our study, a recent 10 years
Iranian study that included 520 infertile women was referred to the
infertility center during 2010-2019. The revealed a high seroprevalence
rate of T. gondii equal to anti-T. gondii 1gG, IgM, and both IgM & IgG
antibodies were detected among 65.8%, 0.8%, and 0.19% infertile females,

respectively (Zamaniyan et al., 2023).
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Table (4- 2): Seroprevalence of Toxoplasma antibodies (IgG and

IgM) among all the participants (N=300)

Serological test N (%) Positive Negative
Toxoplasma gondii (IgG) 22 (8.8%) 228 (91%)
Toxoplasma gondii (IgM) 40 (16.0%) 210 (84%)

Total

62 (24.8%)

188 (75%)

4-3: Seroprevalence distribution of Toxoplasma gondii according to

age groups

The table (4-3) presents the presence of T. gondii infection among

infertile patients. It divided the infertile patients into two categories:

"T.gondii positive" and "T. gondii negative", and distributes T. gondii I1gG

and IgM Antibodies within these categories. These antibodies are specific

to T. gondii infection and are significant for diagnosis and monitoring. 19G

avidity is a vital test for screening females who need treatment (Sharifi et

al., 2018)
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Table (4- 3): Seroprevalence distribution of Toxoplasma gondii

according to age group

Infertile patients 30-39 years 20-29 years Total
29 (47%) 33 (53%)
Toxoplasma gondii 1gG IgM IgG IgM
positive 14 15 8 25
(22.6%) | (24.2%) | (12.9%) | (40.3%)
Toxoplasma gondii 79 (42%) 109 (58%)
negative 1gG \_ IgM IgG \_ IgM 188
Negative Negative
Total 108 (43.2%) 142 (56.8%) 250

The result showed that in the age group (20-29) a relative increase in the
percentage of Toxoplasmosis infection compared with other age groups.
This finding seems similar to several prior studies (Sharifi et al., 2018). In
contrast, such a finding was disliked that reported by a preceded study,
which revealed that although there was no significant association
between T. gondii infection and different age groups, the seroprevalence
rate in 41-50 years was higher than that in other groups (Soltani et al.,
2021) and another study (Alvarado-Esquivel et al., 2009) also published

comparable results.

The prevalence of the parasite T. gondii in women varies depending on
the climatic conditions, dietary and health practices, socioeconomic status,
degree of education, and age in various countries throughout the world
(Mizani et al., 2017).

Serum samples from the current study tested positive for anti-
Toxoplasma antibodies, with positive results identified as (15) for anti-IgM
antibodies and (14) for anti-IgG antibodies. This study contrasts with one

by Farhan (Farhan, 2022), which found that 21 abortion women tested

60



Chapter FOut..........coueevvvunenn., ... Result and discussion

positive for anti-Toxoplasma antibodies, with positive results identified as
(9) for anti-IgM antibodies and 12 (57.14%) for anti-IgG antibodies.

The current study also conflicts with (Al-Awadi et al., 2022), which
found that among women in Baghdad with a history of spontaneous
recurrent miscarriage, the seroprevalence of Toxoplasma IgG antibody was
59% and seroprevalence of Toxoplasma IgM antibody was 8%. The age
group (20-29) had the largest percentage of infected patients (53%) and
the age group (30-39) had the lowest percentage (47%).

This study agreed with (Ubaid Hamza, 2022) that infection rates were
highest among those aged 26-35 and lowest among those aged 35-45. This
high incidence of seroprevalence in the 20-29 age group could be attributed
to more frequent contact with cats or infected vegetables and also similar
with Similar to the result of (Nazari et al., 2019), a high prevalence of

seropositivity was seen in the 25-30 age range in Iran.

There is clear evidence from the past kinds of literature that usually, to
show if a person has been infected in the past, or has recently been infected;
a combination (IgM and 1gG) of serological tests is required (Elmore et al.,
2010). These tests frequently detect "nonspecific IgM™ as well as "residual
IgM" (associated with a stable positive IgG titer). In such cases and the
absence of a preceding positive result, a complementary test done by
specialized laboratories (such as ISAgA IgM or IgA, IgG avidity test,
differential agglutination, etc.) is indispensable to prevent any error of
interpretation. These complementary tests as well as the serological
evolution (control done in 15 days) permit, in a large number of cases, to
reassure the patient with full confidence (Sharifi et al., 2019).

Toxoplasma IgM antibodies had more appearance than the IgG

antibodies in acute cases and this agreed with Flori et al., 2009, who said:

61



Chapter FOut..........coueevvvunenn., ... Result and discussion

“The IgM antibodies appear sooner after infection than the 1gG antibodies

and disappear faster than IgG antibodies after recovery”

4-4: Serological evaluation of Interleukin-12, Interleukin-17,
Transforming Growth F actor-p, Tumors necrosis factor -a,
Phospholipase A, and Cyclophilin-A

All the serological parameters of the study were higher among the
patients either highly significantly (interleukin-17, transforming growth
factor—p, tumors necrosis factor-o, and phospholipase A) or significantly
(interleukin-12 and Cyclophilin-A), Table 4-4.

Table (4- 4): Concentration of Interleukin-12, Interleukin-17,
Transforming Growth Factor—-p Tumors necrosis factor-a,
Phospholipase A, and Cyclophilin-A between toxoplasma patients

and the control

Variables Patients Control

M +SD (N=62) (N=50) P-Value
Interleukin-12 71.4+119 64.9 +13.8 0.041*
Interleukin-17 250.1+ 66.3 207.5+ 61.9 0.008*
Transforming Growth Factor—f 56.3 +26.6 29.2+16.7 0.001**
Tumors necrosis factor-a 78.9 £45.3 498+21 0.001**
Phospholipase A 250.1 £ 66.3 207.5 +61.9 0.008*

Cyclophilin-A 229+2.2 20.0 £2.9 0.02

P> 0.05

The levels of serum IL-12 in toxoplasmosis patients were higher
significantly compared to the control group (p-0.041). This was supporting
earlier findings, which disclosed a highly significant level of IL-12 in both
sexes with latent toxoplasmosis in comparison with free-toxoplasmosis
groups. Correspondingly these findings also agreed with another recent

study in Erbil by Muhammed and Alsakee 2021, which revealed a
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relatively high IL-12 level and significantly elevated in the sera of women
with toxoplasmosis. And also agree with the study showing that anti-
Toxoplasma IgM serum levels and IL-12 serum levels were higher
compared with controls (Al-Kuraishi et al., 2020). As well, the placental
IL-12 level was higher in the pregnant women with acute T. gondii
compared with controls.

It is known that Natural Killer cells (NK cells), as a type of cytotoxic
lymphocyte, have critical protective roles in innate immunity during the T.
gondii infection by releasing interferon-gamma (IFN-y) ( Mahmoudzadeh
et al., 2021). IFN-y is a multifaceted molecule produced by NK cells and
Is connected to anti-proliferative, pro-apoptotic, and antitumor processes
(AL-Shimmery et al., 2023). Interleukin-12 (IL-12) is a pivotal critical
cytokine for the generation of IFN-y-producing NK cells. Several studies
have shown cytokines' impact on NK cell activation; and IL-12 has an
important role as a potent stimulatory factor for NK cells ( Mahmoudzadeh
et al., 2021).

The release of the innate cytokine IL-12, produced by DCs,
macrophages, and neutrophils is dominant to host protection against T.
gondii infection (Khan and Moretto, 2022). The role of IL-12 which is
primarily produced by T-follicular helper cells (TFH), a subset of CD4-T
cells, has also been implicated in regulating antigen-specific CD8-T cell
dysfunction during chronic Toxoplasma infection. Additionally, cytokines
that modulate the TFH subset have been shown to regulate the antibody
response against T. gondii (Moretto et al., 2017).

Furthermore, IL-12 was found to increase the production of 1gG but not
to inhibit IgE. IFN-y, IL-2, and IL-12 are involved in the protection against
parasitic invasions. I1L-12 stimulates the production of IFN-yand TNF-

a and activates lymphocyte Cytotoxicity (Evering and Weiss 2006).
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Harmonious to previous studies, the present study expressed significantly
higher interleukin-17 serum levels among the toxoplasmosis patients
compared to the healthy controls. Several lines of evidence give reason to
believe that IL-17 stimulates protective immunity against the intracellular
pathogen in particular T. gondii ( Vesely et al., 2020).

CD8" T cells play an essential role in the protection against both acute
as well as chronic T. gondii infection. Immune CD8+ T cells from T. gondii
infected host are an important source of IFN-y, a cytokine that is critical
for survival against both acute as well as chronic phases of infection (
Lopez-Yglesias et al .,2019). Moreover, CD8+T cells from T. gondii-
infected hosts can exhibit in vitro cytotoxic activity against parasite-
infected targets ( Kongsomboonvech et al., 2020). The Cytotoxic function
of these antigen-specific CD8+T cells has been reported to play an
important role in keeping chronic infection under control ( Khan et
al.,2019). Depletion of either IFN-y or CD8+T cells abrogates protective
Immunity against T. gondii infection leading to morbidity or mortality of
the infected host ( Bhadra and Khan, 2010).
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Fig (4-1) Comparisons between patient and control (1L-17)
However, a lack of IL-17 alone has minimal impact on splenic CD8+ T

cell maturation or effector function development during acute
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Toxoplasmosis. While, the absence of both IL-17 and IL-15 only in the
context of infection severely down-regulates the development of a potent
CD8+ T cell response ( Bhadra and Khan, 2010).

Immunological studies have revealed several parasite virulence factors
regulated by the disengagement of immune activity. IFN-y is essential for
host cell resistance and acts by upregulating the expression of IFN-y-
activated effectors that destroy T. gondii (Sturge and Yarovinsky, 2014).
Several parasite factors block the proper functioning of IFN-y. One of these
iIs the dephosphorylation of STAT1 by the suppressor of cytokine
signaling-1 ( Ahmadpour et al.,2023).

Additionally, dendritic cells (DCs) act as carriers of systemic parasites
during infection. It has been shown that the T. gondii parasite can transmit
from DCs to NK cells. Rapid transfer of T. gondii from infected DC to
effector natural NK cells may contribute to the parasite’s sequestration and
shielding from immune recognition shortly after infection ( Ahmadpour et
al.,2023).

T. gondii can also be killed independently of IFN-y by autophagy in
mouse macrophages by the involvement of the TNF receptor superfamily,
(Bendarska-Czerwinska et al.,2023). demonstrated that murine congenital
toxoplasmosis increases skull apoptotic index and skull apoptosis
associated with increased IFN-y expression, but it decreases TNF-a

expression (Suwanti and Mufasirin, 2018).
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Fig (4-2) Comparisons between patient and control (tnf a)

However, the existing study disagreed with (Matowicka-Karna, 2009),
which illustrates that in the course of Toxoplasmosis, the levels of TNF-a
did not change and also disagree with what was reported by (Lang et
al.,2007) The latter suggested that T. gondii inhibits the production of
TNF-a and together with IL-6 can enhance the proliferation and
differentiation of B lymphocytes (Lang et al.,2007). TNF-« activates
eosinophil cytotoxicity toward protozoa and induces secretion of acute
phase proteins via IL-6 production (Al-Shimmery et al., 2023). Mutually,
the effects of TNF-a and IFN-y have antiproliferative properties. Thus,
in toxoplasmosis, TNF-a appears to be essential for macrophage activation
and inhibition of parasite replication possible only in cooperation with
IFN-y.

An increasing body of literature suggests a characteristic
immunoregulatory role of TGF-f that inhibits T-cell activation directly and
indirectly and promotes immunosuppressive modalities (Al-Hindy, 2020,
Dleikh, 2020; Ramadan, 2022)
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Recent clinical trials have established an unusual role for TGF-B in
promoting the formation of a new generation of T-helper (Th) cells known
as Th17 cells, acting in conjunction with IL-6 and other inflammatory
cytokines (Veldhoen et al., 2006). The mean TGF- 3 concentration in the
patient's serum in this investigation was noticeably higher than that of the
control.

This result was consistent with a study (Baneen et al.,2021)that revealed
a significant association of TGF-f levels during Toxoplasma infection. The
study concluded serum TGF-B levels as a candidate biomarker for the
pathological effect of T. gondii during pregnancy.

A previous study reported that the level of placental TGF-p level was
decreased in mice including adverse pregnancy outcomes after
Toxoplasmosis infection (Liu et al., 2014). Other studies reported that
TGF-B levels were raised in pregnant with acute T. gondii contagion in
contrast to those of uninfected pregnant (Marchioro et al., 2018).

TGF-B1 was higher in females with anti-Toxoplasma antibodies (
Abdulkhaliq et al.,2017). During pregnancy, TGF-f1 and TGF-B2 induce
endometrial cell apoptosis, while TGF-B3 promotes endometrial cell
proliferation. The differential regulation of TGF-3 subtypes on endometrial
cells may be the key regulatory mechanism of endometrial decidualization
(Yang et al., 2021).

On the other hand, TGF-p induces immune responses by the development
of Th17 lymphocytes and mucosal immunity. Despite this, the role of
immunomodulatory cytokines such as TGF-p is controversial, suggesting
that it inhibits inflammation, in this way diminishing tissue damage, but
allowing the course of chronic infection. The relationship between TGF-3
and immune responses against T. gondii is not fully understood (Gomez-
Chavez et al., 2020; Sana et al., 2022).
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Meanwhile, other recent observational, and epidemiological studies have
failed to confirm these associations between TGF- and immune responses
against T. gondii and they attributed this sort of association to other
regulatory mechanisms (Zare-Bidaki et al., 2016).

The data generated by the current study reported in Table (4-3) revealed
a significantly high means of TNF-a concentration in the serum of the
patient compared to the control. These results were complied with (Baneen.
et al., 2021). which showed that the TGF-f levels and their relationship
during infection are significant. T regulatory cells provoke secretion of
TGF-p and IL-10 that compromise immune response against the
intracellular parasites. TGF-f induces the evolution of Th17 responses and
produces the immune response.

During the past five years, numerous researchers, principally in Iraq and
Kurdistan, have conducted frequent diagnostic techniques for early
detection of congenital Toxoplasmosis in pregnant and aborted women and
applied the most recent tests and procedures to reach results that can be
trusted. These techniques include numerous serological and molecular
techniques. Our research validates that patients with Toxoplasma
infections have higher concentrations of phospholipase A. This work
supports a prior observation that phospholipase promotes T.gondii host cell

penetration ( Najm, 2021).

Phospholipase A2 greatly enables T.gondii entrance into host cells
(PLA2). They play a critical role in the host cell’s reaction to the invasion
of the parasite. The cellular phospholipids of PLA2 are hydrolyzed,
generating several inflammatory lipidic mediators (Cassaing et al., 2000).
These phospholipid-hydrolyzing esterases are significant virulence factors

because they are essential for membrane dynamics during parasite invasion
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and egress from the host cell, as well as for replication and cell signaling
(Al-Kremy and Al-quraishi, 2022).

Infections caused by several bacteria often include phospholipase A2
(PLAZ2), which has been linked to host cell invasion and has a substantial
pathogenic function. PLAZ2 plays a crucial role in the cellular invasion by
the tachyzoite stage of the intracellular Toxoplasma gondii protozoa a
process that involves multiple phases (Al-Kremy and Al-quraishi, 2022).
Human cells now contain 17 different types of cyclophilins, with
cyclophilin A being the most common and accounting for 0.1-0.6% of the
total cytoplasmic protein. These cyclophilins have different structural

properties (Harikishore and Sup Yoon, 2016)
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Fig (4-3) Comparisons between patient and control (cyclophilin)

Cyclophilin A, which is significantly higher in the serum of
preeclampsia patients (the most challenging kind of pregnancy-related
hypertension disease in pregnancy), plays crucial functions in
inflammation and oxidative stress (Leslie and Papageorghiou, 2011).
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4-5: Effects of the age on the study variables

There were negative significant correlations between the age and both
TNF-a and TGF-B, otherwise there were non-significant negative
correlations with all other study variables other than Cyclophilin-A.
Duality of functional interactions between TGF-B and TNF-a has been
reported in a preceded reports (Liu et al., 2022).

Contrary to earlier reports, the negative relationships between age and
TNF-o and TGF-p were observed in the current study. Peripheral levels of
TNF-a in plasma were predicted to rise with age over time based on a larger
body of research on inflammation and ageing (Lindsay and Dubey,2020).
TNF-o and IL-12 levels did not vary during the duration of toxoplasmosis,
however, it has been noted that the prevalence of T. gondii rises with age
(Matowicka-Karna and Kemona, 2009). In a previous study, TGF-$
expression increased in the placental tissue of T. gondii-infected aborted
women, but this rise was not correlated with the ageing of the infected
females. The risk of toxoplasmosis was significantly correlated with age,
though.

The negative correlations between the age and both TNF-o and TGF-$
were inconsistent with what were reported previously. On the basis of the
broader literature on inflammation/aging, peripheral levels of TNF-a in
plasma were expected to increase with age over time (Lindbergh and
Dubey,2020). However, in the course of toxoplasmosis the levels of TNF-
aand IL-12 did not change, but the prevalence of T. gondii has been
reported to increase with age of 40 years (Matowicka-Karna et al., 2009).
There was an increase in expression of TGFp, in the placental tissue of
aborted women infected with T. gondii in a prior study but not associated
with increasing ages of the infected females. However, the age showed a
significant correlation with Toxoplasmosis and the risk of infection
increased with age (P<0.05) ( Alsailawi et al., 2022).
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Table(4- 5): Effects of the age on the study variables

Pearson TNF- | TGF- | Phospholipase- i i Cyclophilin-
Correlation o B A IL-12 1 1L-17 A
Agelyears R - - ] - -
0.365 | 0.521 0236 10103 0236 0068
P 0.001 | 0.001 0.052 0.109 | 0.052 0.757

4-6: Correlations among various study parameter

Table (4-6) revealed a positive highly significant correlation of TNF-a with

(TGF-B, phospholipase, and IL-17) and a significant correlation with

cyclophilin A, but not with IL-12 among the study participants.

Table (4- 6): Correlation of study variables among the study
participants

Pearson TNF-a | TGF-| IL-12 | IL-17 | Cyclophi | Phospholipase
Correlation B lin A A
Phospholipase | R 1
A 0.366 | 0.445 | 0.165 | 1.000 | -0.056
P 1
0.002 | 0.000 | 0.179 | 0.000 0.801
IL-12 R | 0188 | 0193 1 0.165 | -0.283 0.165
Pl o119 oo | ' | o179 | 019 0.179
IL-17 R 0.366 | 0445 | 0-165 1 - 0.056 1.000
P 0.002 | 0001 | 0179 1 0.801 0.001
Cyclophilin A | R 0425 | 0109 | o 2-83 . 0-56 - 0.056
P 0043 | 0621 | 0043 | 0.621 0.801
TGF-B R 0.391 1 0193 | 0445 0.109 0.445
P 0.000 1 0110 | 0.000 0.621 0.000
TNF-a R 1 0.391 | 4188 | 0.366 0.043 0.002
P 1 0.001 | 1110 | 0.002 0.043 0.002

71




Chapter FOut..........coueevvvunenn., ... Result and discussion

Table (4-6) revealed a positive highly significant correlation of TGF-B
with (TNF-a, phospholipase A, and IL-17) and a significant correlation but
not with IL-12 and cyclophilin A, among the study participants. revealed a
positive highly significant correlation of Phospholipase A with (TNF-a,
TGF-B, and IL-17) and but no significant correlation with cyclophilin A
and IL-12 among the study participants.
Table-(4-6) revealed a non-significant correlation of IL-12 with all other
study parameters among the study participants. and revealed a positive
highly significant correlation of IL-17 with TNF-a, TGF-B, and
phospholipase-A but no significant correlation with cyclophilin A and IL-
12 among the study participants.also revealed a non-significant correlation
of cyclophilin-A with all other study parameters apart from TNF-a, among
the study participants.

Generally, the immune system of immunocompetent individuals builds
a protective immune response upon the interaction of antigen with antigen-
presenting cells, which induces the translocation of nuclear factor kappa
(NF-xB) to initiate the production of pro-inflammatory cytokines (IL1b,
IL12, IL18, and IFNy) (Fisch et al., 2019). The host lymphocytes and
myeloid cells not only secrete a network of cytokines for signaling
pathways upon exposure to antigen but also up-regulate certain
chemokines (CXC, C, and CX3C) and toll-like receptors (TLR) on their
surfaces for acting as signal-recipients against any antigen (Fisch, 2019;
Costantini and Colonna 2010). In response to specific intracellular signals,
various pro-inflammatory (IL1p, IL12, IL18, TNFa, IFNy) and anti-
inflammatory (I1L4, IL10, TGF-B) Cytokines give rise to a Cytokinome that
acts for specific immunological stimulus to develop an immune response

for susceptibility or resistance to toxoplasmosis (Sana et al., 2022).

72



Chapter FOut..........coueevvvunenn., ... Result and discussion

4-7: Receiver-Operating Characteristic Analysis for Evaluating
Diagnostic Tests and Predictive Models of study parameters

Receiver-Operating Characteristic analysis was tested on the studied
variables to scrutinize their diagnostic and predictability to differentiate
Toxoplasma from the healthy females. All the study parameters had not the
ability to diagnose or poor predictability for toxoplasma patients, although
TNF-a revealed a significant (p-0.02) high AUC (0.838), sensitivity,
(0.0832), and specificity (0.822); but with not enough confidence (95%ClI
= 0.675-1.000)

Table (4-7): Receiver-Operating Characteristic Analysis for

Evaluating Diagnostic Tests and Predictive Models of study

parameters

AUC | P-value Sensitivity = Specificity 95% CI
TNF-a 0.838 0.02 0.832 0.822 0.675 | 1.000
TGF-B 0.701 0.2 0.656 0.649 0.413 | 0.989
Phospholipase A | 0.686 0.2 0.727 0.586 0.446 | 0.927
IL-12 0.196 0.03 0.495 0.513 0.014 | 0.378
IL-17 0.686 0.2 0.724 0.643 0.446 | 0.927
Cyclophilin A 0.667 0.2 0.992 0.512 0.372 | 0.962

Based on several studies conducted in a mouse model, it can be stated

that T. gondii infection evokes a strong immune response (both innate and
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adaptive). Innate immunity is not only critical for controlling parasite
multiplication during the early phase of acute infection but also helps in
the shaping of the adaptive immune response, however, the long-term
protection is dependent on adaptive immunity. One important question that
needs attention is that, due to CD8 T cell exhaustion, a mild constant
reactivation may take place during chronic infection of immune-competent
individuals. In that scenario, the recruitment of functional CD8 T cells may
be able to control the spread of reactivation. Additionally, it will be equally
Important to assess if some of the memory CD8 T cell subsets that are
prone to exhaustion during chronic infection are continuously being
replaced by an influx of non-exhausted population due to a constant low-
grade reactivation of the parasite (Khan and Moretto, 2022).

The first possibility is the crucial role of CD [CD4, which stimulate
cytokines like IFNy, in acute infection (Liesenfeld, 1996 ), while the CD8
T cell subset is critical in a chronic state ( Zander et al., 2019)] T cell that
might recruit other CD subsets, Chemokines, and other proinflammatory
cytokines including TNF-a, TGF-B, several interleukins, phospholipases,
TLRs subsets, and/or Cyclophilins and represents washing shot or the
immunological links that might explain the changeable correlations of
these different immunoregulatory factors together (Khan and Moretto,
2022, Sturge and Yarovinsky, 2014; Yousif and Alsakee, 2021).

A second possibility is the presence of an unidentified sensor(s) that
recognizes T. gondii infection in humans, independent of TLRs and CCR5.
Further investigations are required to identify this sensor ( Sasai et al.,
2018).

The third possibility is the T. gondii infection in healthy humans becomes
asymptomatic because the host's innate and adaptive immunity resists its
initial proliferation. Infection of monocytes by a T. gondii tachyzoite

strongly induces innate immunity such as the production of several subsets
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of pro-inflammatory cytokines, resulting in the activation of adaptive
iImmune responses mediated by T and B cells. This activation further
stimulates cell-autonomous immunity to disrupt intracellular growth of the
protozoa and mediate its clearance, inducing T. gondii stage conversion
into a bradyzoite that eventually leads to chronic infection. Thus, the
immunological balance between a healthy host and T. gondii is a key step
in T. gondii immunobiology ( Sasai et al., 2018; Gomez-Chavez et al.,
2020; Sturge, 2014; Yousif and Alsakee 2021).

Fourthly, apart from the CD-TLR signals and Cytokine milieu, one of the
most important factors governing the immunorespones is the balance
between positive signals from co-stimulatory receptors and negative

signals from inhibitory receptors ( Chen and Flies, 2013).
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Conclusions and Recommendations

Conclusions
- The Toxoplasma gondii causing acute infection in most patient
- The parasite induce innate immunity that increase IL-12 in micro environment

- The parasite induce proinflammatory cytokine TNFo and IL-17 . - Toxoplasma

gondii increase cytoplasmic signaling cyclophilin and phospholipase in cells

- There was a significant correlation of phospholipase-A with TNF-a , TGF-B, and

IL-17, but not with IL-12 and cyclophilin-A, among the study participants.

- All the studied parameters cannot be used as a biomarker to diagnose Toxoplasma
Gondii among infertile females.

Recommendations

- Study regulatory cytokine in toxoplasma in infertile patient .

- Study the profile of these cytokine in male

- Study the genetic on cytokine in infertile women that associated with toxoplasma
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