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Abstract

The secondary sex ratio (SSR) is affected by many factors, including the
concentration of hormones and infection with some pathogens such as Toxoplasma
gondii. This study aimed to evaluate the effect of hormone variability concentrations
and toxoplasmosis infection on the secondary sex ratio. 150 pregnant women were
selected, 60 infected with late toxoplasmosis (LT), 60 infected with early
toxoplasmosis (ET) and 30 seronegative to toxoplasmosis. After tracking the birth
outcomes of these women, we calculated SSR in each group. During the second and
third trimesters of pregnancy, estrogen, testosterone, progesterone, TSH, T4 and T3
concentrations were measured. The results of the three groups were compared. The
results showed that female births outpaced in LT group, with SSR equal to
(0.9:1.45), while the number of male births was higher in ET group and seronegative
groups, with SSR was (1.5:1; 1.3:1), respectively. The difference in hormones
concentration was significant at P > 0.05. In LT group, progesterone and estrogen
increased significantly in male pregnant women than in female pregnant women.
Testosterone increased significantly in male pregnant women in all study groups.
TSH level was the highest among female pregnant women in the LT and
seronegative groups. The superiority of male pregnant women in the concentration
of T3 hormone in all groups was significant. Male pregnant women were
significantly superior with T4 concentration in LT and seronegative groups.
In conclusion, T. gondii has an indirect role in SSR. Important pregnancy hormones
levels differ between male pregnant women and female pregnant women.

Key words :Toxoplasma gondii, Secondary sex ratio, Estrogen, Progesterone,
Testosterone
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1. Introduction

Toxoplasmosis is a zoonotic parasitic disease. Reports indicate that about two-thirds of the
world's population is infected. The danger of the disease lies in its ability to transmit from the
mother to the fetus [1], which may lead to stillborn or malformations in the fetus. The parasite
causes high pathological effects that may reach blindness, neurological imbalances or
schizophrenia and others [2]. There are many molecular and serological methods were used to
determent the parasite presence. Serological methods depend on the presence of IgM antibody
as an evidence of early infection and 1gG antibody as an indicator of late infection [3,4].

The ratio between male births to female births is known as the secondary sex ratio. It refers to
the composition of society and which sexes are predominant. The normal is about 1.05:1 [5].

This ratio varies, increase or decrease under the influence of many internal factors (the human
body) or external (the environment). In addition to various bacterial, viral and parasitic
infections [6], parents age, stress and the concentration of hormones in the parents are factors
that affect SSR [7].

Which of the parents determines SSR? Given that the man’s semen contains two types of
sperm carrying an X or Y chromosome, some studies have concluded that the father is
responsible for determining this ratio or bias to one of the sexes[8]. It is known that the
number of the two types of life is equal, which mean the health status and reproductive
capacity of the father is the determinant of this ratio, man who has high reproductive will has
more male births, but female births will increases when his ability decreases[9]. The other
opinion concludes that it is the woman who determines the SSR, given that the mother is the
incubator in which the fetus grows, and therefore any changes that affect the reproductive
system or sex hormones and other factors such as the age of the mother and stress, which
affect the health status of the mother lead to stillborn[10].

In different animals, many assumptions is affect the SSR variation, including the exposure of
a woman to stress during pregnancy, may increase the chances of stillbirth of male fetuses and
female birth alive at a greater rate[11], the mechanism that lead this affects don’t clear, its
maybe return to the fact which assumes that male fetuses are weaker than female fetuses,
due to increase of testosterone concentration in male pregnant, or selectivity against Y
chromosome[12]. Exposure to the Bruce effect, this effect assumes that a pregnant female
tends to lose her newly formed fetus when exposed to multiple males, especially if she
encounters a strong and dominant male in her region[13]. Follow the hypothesis of Trivers
and Willard, this hypothesis is based on two basic principles: the first is that a healthy female
tends to push the secondary sex ratio towards males. The second is that a healthy female gives
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birth to more boys than girls[11]. The other view is due to the reproductive capacity of
parents, where the chances of having males increase as parents are younger[14], but Ein-Mor
et al. [15] confirmed that there is no relationship between age and SSR. Sex hormones and
their concentrations in pregnant women play a clear important role in determining SSR[16].
James conducted that many physiological and pathological reasons or the genetic makeup of
the parents make the variations in hormone concentrations[17].

Some studies indicated the responsibility of T. gondii in changing the SSR in infected
women[4]. What effect does the mother have on certain parasites (especially T. gondii) in sex
hormone concentrations? How much does the variation in hormone concentrations affect
SSR? Is there a difference in the level of these hormones between women of male and female
pregnancy? Answers of these questions may be keys that solve some of the SSR variation
mystery. From this, we performed this work.

2.Materials and methods

2.1. Samples collection

From January 2020 to May 2021, (1226) pregnant women (beginning of the eighth week of
pregnancy) aged (20-40 years) who visit private clinics were followed. With the help of a
gynecologist and by ultrasound, the pregnancy and gender of the fetus were confirmed, then
recorded data such as age, the number of previous births, live births and aborted children.
From each patient, (5 ml) of intravenous blood using a sterile syringe was withdrawn, and put
it in the test tube free of EDTA. The blood left at room temperature for 20 minutes, then the
serum separated using a centrifuge at a speed of 3500 rpm/min for 15 minutes, after which the
serum withdrawn by micropipette absorbent, placed in special containers and kept under
freezing at (20-16°C) for laboratory testing[18].

2.2. Detection T. gondii infection

ELISA Kkits produced by Demeditec Diagnostics GmbH, Germany were used according to the
manufacturer's instructions.

2.3. Study groups

After excluding women with other diseases and missing data, 150 pregnant women were
selected randomly and tracked, divided into three groups, the first included 60 women with
late toxoplasmosis, the second included 60 women with early toxoplasmosis and the third
group included 30 seronegative women .

2.4. Hormone level assessment

During the third trimester (7-9 months) of pregnancy, 5 ml of intravenous blood (from 150
women in the study groups) withdrawn, after blood clotting, serum used in ELISA test. An
EIISA kit produced by Monobind (USA) was used, as instructed by the manufacturer.

2.5. Statistical analysis

Statistical analysis was carried out using the SPSS program, the mean of concentrations,
standard deviation, and comparisons of means were calculated using Dunkin' method and T-
test or ANOVA.

3. Results

3.1. Incidence of T. gondii

From tracking the case of (1226)(20 — 40 years) pregnant women, the study recorded a
significant infection (p. value > 0.0001) in 203 pregnant women were infected with
toxoplasmosis with an infection rate (16.55%). (114) infected with late toxoplasmosis
(infected before pregnancy) (9.29%), and (89) infected with early toxoplasmosis (infected
after pregnancy)(7.25%), this result was insignificant (P. value = 0.1520), after confirming the
presence of 1gG and IgM, respectively (Tab. 1).
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Table 1-Overall seroprevalence of T. gondii in pregnant women

Group number(%o) Statistical result
Latent Toxoplasmosis 114(9.29) Odds ratio 0.1984
Early Toxoplasmosis 89(7.25) 95 % CI: 0.1674 - 0.2352
Negative 1023(83.44) Z statistic 18.631
Total 1226(100) P. value <0.0001

One hundred fifty women were selected randomly as mentioned in 2.3, then distributed into
three groups, the first with late toxoplasmosis, the second with early toxoplasmosis and the
third was seronegative. There was no significant difference in age (P = 0.455) across the study
groups, while the difference in the number of previous births across the three groups was
significant (P = 0.002) (Tab. 2).

Table 2-study groups as age and seroprevalence .

Group number Age mean 3tar_1d§1rd P. value
eviation
Latent Toxoplasmosis 60 20-40 32.2 5.64
Early Toxoplasmosis 60 20-40 31 7.02 P =0.455
Negative 30 20-40 30.56 7.42
Total 150 20-40 31.39 6.58

The number of female births in LT group was higher than the number of male births in the
same group, the ratio of males to females (0.9 : 1.45) was not significant (p = 0.67). The
number of male births was higher in ET and seronegative groups, where SSR in both groups
was (1.5:1 ; 1.3:1), respectively. This difference was not significant (p = 0.65; p = 0.48). The
difference in SSR across the three groups was significant (P= 0.047), as well as within late
and early toxoplasmosis (P = 0.03) but the difference within the late and early toxoplasmosis
versus seronegative (p= 0.1; P=0.09), respectively was not significant (Tab. 3).

Table 3- Distribution of male and female live neonates among the study groups.

Groups Male(%) Female(%) Total Male: female P. value
Latent Toxoplasmosis 18(30) 29(48.33) 47(78.33) 0.9:1.45a p=0.67
Early Toxoplasmosis 30(50) 20(33.33) 50(83.33) 1.5:1a p=0.65

Negative 16(53.33) 13(43.33) 29(96.66) 1.3:1b p=0.48

Total 64(42.66) 62(41.33) 126(84) 1.06:1 P=0.047

Similar letters have significant difference
Different letters have no significant difference

The number of aborted males in LT was higher than aborted females number in the same
group, as was the case in the seronegative group, the number of aborted females was higher in
ET group. Despite the non-significance of the difference in the stillbirth rates across the three
groups (P=0.614). LT had the highest stillbirth rate (21.16%), followed by ET (16.66%). The
stillbirth rate within the two infection groups was (P= 0.33), within LT and seronegative was
(P=0.62), and (P= 0.68) within ET and seronegative (Table-4).
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Table 4-Distribution of aborted male and female among the study groups

Groups Total(%) Male(%0) Female(%b) P. value
Latent Toxoplasmosis 13(21.66)a 8(13.33) 5(8.33)
Early Toxoplasmosis 10(16.66)b 4(6.66) 6(10) 0.614
Negative 1(3.33)c 0(0) 1(3.33)
Total 24(16) 12(8) 12(8)

Similar letters have significant difference
Different letters have no significant difference

3.2. Hormone levels

At a significant level (P > 0.05), tab. 5 shows a significant superiority for LT group over
the ET and seronegative groups in their effect on estrogen concentration. The results in this
study showed that the progesterone concentration was higher in ET than in the other two
groups. This difference was significant. The level of testosterone hormone showed a
significant decrease in LT while its level was higher in the other two groups. The difference
across the three groups was significant. Tab. 5 shows a significant decrease of the TSH level
in seronegative and ET groups with a significant increase in the hormone concentration in LT.
The same table shows a significant increase in T3 hormone in LT compared to the other two
groups. The T4 hormone showed a significant difference in its concentration across the three
groups. It was in the highest concentration in ET.

Table 5-Hormones level between study groups

Hormones Pre-pregnanc Post-pregnancy Sero-negative
Mean SD Mean SD Mean SD
Estrogen (pg/ml) 504.87° 5.54 483.63" 69.19 448.27° 17.5
Progesterone(ng/ml) 18.73% 0.79 23.56° 24.55 18.93% 0.6
Testosterone(ng/ml) 0.79% 0.03 0.81° 0.05 0.92° 0.06
TSH (ng/ml) 4.68° 6. 89 4.02° 0.33 4.39° 0.2
T3 (ng/ml) 1.38° 0.11 1.31° 0.19 1.09° 0.12
T4 (ng/ml) 9.35°% 1.3 9.78° 0.55 9.45°% 0.89

Similar letters have significant difference
Different letters have no significant difference

3.3. Hormones and gender

At a significant level (P > 0.05), it is noticeable from the tab. 6 that there is insignificant
superiority of estrogen in female pregnancy compared to male pregnancy in LT. The
superiority estrogen in male pregnancy was significant in ET and seronegative groups. The
same table shows a high level of progesterone hormone in female pregnancy in LT and ET
groups. In the seronegative group, the hormone level in male pregnancy was the highest. This
superiority was insignificant. Tab. 6 shows the superiority of testosterone level in women of
male pregnancy compared to women of female pregnancy in the three study groups. The TSH
level showed a significant superiority in the female pregnant women in ET and seronegative
groups. The hormone level in the male pregnant women in LT group was higher compared to
the female pregnant women, although the difference was not significant. In all study groups,
T3 hormone levels were higher in male pregnant women than female pregnant women. with a
similarity of the hormone level in LT and seronegative groups. The study recorded a
significant difference in the concentration of T4 hormone between male pregnant women and
female pregnant women across all study groups, as well as within members of the same

group.

2854



Al-Ardi Iragi Journal of Science, 2022, Vol. 63, No. 7, pp: 2850-2860

Table 6-Effect of gender in hormones concentration

Parameters Estrogen | Progesterone | Testosterone TSH T3 T4
- =z | mean | 501.07a 19.04a 0.96a 4.14a 1.18a 10.93a
i & SD 4.18 0.6 0.02 0.53 0.11 0.19
{g (;D" mean | 507.59a 18.12a 0.91b 4.95b 1.01b 8.38b
< & SD 4.02 0.65 0.03 0.27 0.05 0.42
§ § mean | 511.79a 18.15a 0.82c 4.26b 1.45b 9.37c
g @ SD 8.62 1.99 0.012 0.04 0.06 0.15
&3 T mean | 438.39b 22.73a 0.74d 3.63b 1.08b 10.47°
2
5 % SD 93.88 0.38 0.04 0.16 0.03 0.12
= | mean | 461.38c 18.36a 0.85¢e 4.28b 1.19a 9.55°
§ & SD 6.86 041 0.014 0.15 0.08 0.94
% By mean | 429.33d 19.32a 0.74f 4.56a 1.07b 9.30"
% SD 7.1 0.28 0.02 0.14 0.06 0.85

Similar letters have significant difference
Different letters have no significant difference

4. Discussion

Toxoplasmosis is globally disease, with reports indicating that one-third of the world's
population is infected [19]. Among pregnant women, a study carried out by (Colak and
Asgin) recorded infection (0.7% and 15.7%) of women with acute and chronic toxoplasmosis,
respectively [20]. The presence of anti-parasitic antibodies (IgG, IgM) among Iranian women
were (32.95%; 1.13%), respectively[21]. In Angola, the incidence rate for chronic and acute
infections was (39.4%; 0.2%), respectively [22]. In Mexico, the incidence was (5.7%)[23],
France (31.3%) [24]. Rural areas of Brazil had an incidence rate of (68.3%) [25].

Several studies reported the effect of toxoplasmosis in determining the secondary sex ratio but
differed in the direction of this effect. Bahreini et al. study indicated a significant superiority
of female births to male births among women infected with late toxoplasmosis compared with
the seronegative group[26]. Shojaee and his colleague found that women infected with T.
gondii give more birth male than uninfected. Also, they confirmed that the rate of stillbirth
among female increases with an increase in the titer of anti-Toxoplasma antibodies.
Toxoplasma acts as a secondary factor that alters some factors ( Hormones) affecting the
formation of the egg implantation and embryo survival, and helps in activating other factors
such as cytokines[27]. Another study confirmed that the infection with T. gondii elevated SSR
ratio to 2.6:1, They reasoned that toxoplasmosis promotes the production of
immunosuppressive components such as IL-10 and TGF-B that increase the chances of
survival of sperm containing the Y chromosome because it reduces the high sensitivity
against this sperm, and it improves implantation in the uterus [28].

The conclusion of a study conducted on female mice by kan™ kova et al. indicated that after
infection with T. gondii, the secondary sex ratio is low in females with chronic toxoplasmosis,
while the opposite occurs in females infected with early toxoplasmosis[29]. In a systematic
review of several countries, Madhukar et al. confirmed that the relationship between
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toxoplasmosis infection and male birth is negative. They found that low concentrations of
parasite antibodies stimulate more male birth[30]. These results are consistent with the
findings of our current study, which can explain this result to the effect of sex hormones,
including testosterone, as females with low testosterone concentration have an increased
chance of giving birth to females[31]. The low hormone concentration may be due to
infection with toxoplasmosis[32]. Toxoplasmosis decreases the concentration of testosterone
in infected women and a rise in infected men [33]. The immune changes that occur after
infection may have a role in determining the fetus gender or stimulating and protecting
specific gender, thus increasing SSR. Immunosuppressive is one of the phenomenons in
toxoplasmosis infection, Where the infection decreases NK cells, white cells and monocytes
[34, 35], which gives the greatest opportunity for male fetuses to develop, especially since
they have the Y production on their surface. It was found that the male fetus is 1.62 times
more than the female fetus is developing in the womb[31].

Zhang et al. pointed out the important role of estrogen in parasite invasion of cells and
production of MIC2 - Microneme protein in addition to stimulating sliding movement and
parasite exit from cells. Therefore, the concentration of estrogen increases after T. gondii
infection[36]. During the first stage of pregnancy, Estrogen also contributes to negative
feedback and secretion of GnRH hormones from the hypothalamus and FSH from the
pituitary to prevent ovulation, to prepare the uterine environment in cooperation with the
hormone progesterone[37]. On the other hand, progesterone negatively affects the presence
and activity of the parasite[36]. In normal pregnancies, the concentration of progesterone
increases gradually with the progression of the pregnancy until it reaches its peak during the
third stage of pregnancy, then begins to decline before birth, and the delay in its decline
before birth leads to a case of delayed delivery from its natural time. Progesterone decreasing
during the three stages of pregnancy result in stillborn[38].

During pregnancy, androgenic hormones turn into estrogen in the presence of the aromatase
enzyme. Therefore, testosterone concentration decrease[39]. After infection, Toxoplasma
works to excite the enzymes and factors that stimulate the conversion of testosterone to
estrogen[40].

The increase in TSH and T3 concentrations in LT and ET compared to seropositive due to the
high concentration of estrogen, which increases the concentrations of the proteins transporting
T3 and T4 hormones, which results in an increase in the concentrations of these hormones
during this stage due to its great and sensitive importance in the development of the fetus and
the success of pregnancy[41l]. On the other hand, the decrease in these hormones
concentration plays a role in causing hyperthyroidism during the first trimester of pregnancy,
causes a decrease in the pregnant weight by about 5% of body weight, thus a decrease in the
level of the nervous system growth and development and the cerebral cortex in particular[42].
The reason for estrogen concentration superiority in female pregnancy women compared to
male pregnancy women in LT and the opposite in ET and seronegative groups is due to the
role of this hormone in indirectly raising the concentration of T4 hormone, which has a chief
role in the nervous system development and other male fetuses body organs compared to
female fetuses[43]. The increase in these hormones concentrations occurs after the beginning
of the decrease in progesterone level, as it has a negative role on the estrogen hormone[44].
The concentrations of the progesterone hormone in the three groups are consistent with the
rate of stillborns in them. It is known that the survival of the fetus and increase the stillborn
rate effect by hormone decrease[38]. This concentration difference between the three groups
is due to the positive effect of high estrogen in female pregnant women compared to male
pregnant women[45]. Several studies indicated the positive effect of leptin on estrogen in
female pregnant women when it recorded a high level of this hormone compared to male
pregnant women[46].
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The positive relationship between cortisone and Testosterone was the reason for the
superiority of testosterone in male pregnant women in all groups. In the fetal stage,
testosterone secreted from the adrenal cortex of the fetus under the influence of the cortisone,
which secreted from the same gland under the effect of adrenocorticotropic hormone (ACTH)
coming from the pituitary gland of the pregnant mother[47]. The placenta also releases
Placental Corticotrophin Releasing Hormone (CRH), which stimulates the fetus adrenal gland
to produce the enzyme Dehydroepiandrosterone — sulfate (DHEA-S), which is the precursor
in the production of testosterone during female and male pregnancy[48]. On the other hand,
during a female pregnancy, a large part of the testosterone converted into estrogen due to the
presence of the aromatase enzyme in female pregnant women compared to male pregnant
women, which explains why testosterone is higher in women of male pregnancy compared to
female pregnancy[49]. The high level of the testosterone hormone necessary for the male
pregnancy for its role in increasing brain weight and the area and thickness of the grey area of
the central nervous system (cerebral cortex) compared to the female pregnancy. It is the
reason why males outperform females in increasing brain weight and size after birth[50].

Low TSH concentrations in male pregnant women may be due to high hCG concentrations in
female pregnant women, which has a negative relationship with TSH. The decline of hCG
secretion in the third trimester is the main cause for elevating TSH concentrations in women
in male pregnant women compared to female pregnant women[51]. The significant difference
between T3 and T4 concentrations between male and female pregnant women is due to the
effect of the hCG hormone. Because TSH and hCG are similar in their chemical and
functional structure hCG competes with TSH for its receptors in the fetus and mother thyroid
tissues, consequently, leads to an increase in the production of T3 and T4 hormones[52]. The
hCG hormone also helps in causing sexual differentiation. It found that the higher its
concentration during pregnancy, the greater the sexual differentiation of the fetus towards the
male fetus. An increase in the hormone level leads to the development and increase the
chance of sperm carrying the Y chromosome to fertilize the egg[53].

5. Conclusions

LT women tend to give birth to more females than males, with a higher rate of male fetus
stillborn, consequently a lower rate of SSR. In women with early toxoplasmosis, the SSR rate
is close to the normal range, with more males than females. T. gondii has indirectly affect the
SSR through its effect on the levels of certain hormones. The tendency of women to give birth
to females increases with the increase in their estrogen concentration, on the other hand, a
decrease in progesterone has a role in stimulating the growth of female fetuses and increasing
the chances of stillborn when its concentration drops to a minimum. The increase in
testosterone concentration accelerates the growth and development of male fetuses. There is a
clear significant difference between concentrations of different hormones in male pregnant
women and female pregnant women.

Ethics approval: All volunteers were informed of the trial approach and steps, and their
prior approval was taken before the proceedings began.

Funding: No funding

Conflict of interests: No conflict of interests is declared

References

[1]H. Z. Ali and H.S. Al-Warid, “Changes in Serum Levels of Lipid Profile Parameters and Proteins
inToxoplasma gondii Seropositive Patients” Iraqi Journal of Science, 2021, Vol. 62, no. 3, pp: 801-
810. https://doi.org/10.24996/ijs.2021.62.3.11

[2]M. Al-Ardi, “Toxoplasma gondii: Model Manipulating by the Host Behaviour,” Rafidain J. Sci.,
vol. 30, no. 1, pp. 18-27, 2021, https://doi.org/10.33899/rjs.2021.167679.

[3]M. Al-Ardi, “Seroprevalence and Risk factors of Toxoplasma gondii among children in Al-
Qadisiyah Province — Irag,” no. 26, pp. 22-31, 2021. https://doi.org/10.29350/jops.2021.26.1.1253

2857



Al-Ardi Iragi Journal of Science, 2022, Vol. 63, No. 7, pp: 2850-2860

[4]S. Shojaee, A. Teimouri, H. Keshavarz, S. J. Azami, and S. Nouri, “The relation of secondary sex
ratio and stillborn history with Toxoplasma gondii infection,” BMC Infect. Dis., vol. 18, no. 1, pp.
1-7, 2018, https://doi.org/10.1186/s12879-018-3228-0.

[5]W. H. James and V. Grech, “Can sex ratios at birth be used in the assessment of public health, and
in the identification of causes of selected pathologies?,” Early Hum. Dev., vol. 118, no. December
2017, pp. 15-21, 2018, https://doi.org/10.1016/j.earlhumdev.2018.02.003.

[6]S. A. Al — Sarray, M.A. Al Aubydi and K.J. Tothli ,“ Relation Between Aerobic Bacteria, IFN-y,
TNF-a and Miscarriage in Sample of Iragi Women,” Iragi Journal of Science, 2019, Vol. 60, No.1,
pp: 43-49. https://doi.org/10.24996/ijs.2019.60.1.6

[7]1T. A. Bruckner, S. Helle, E. Bolund, and V. Lummaa, “Culled males, infant mortality and
reproductive success in a pre-industrial Finnish population,” Proc. R. Soc. B Biol. Sci., vol. 282, pp.
1-5, 2015, https://doi.org/10.1098/rsph.2014.0835.

[8]A. F. Malo, F. Martinez-Pastor, F. Garcia-Gonzalez, J. Garde, J. D. Ballou, and R. C. Lacy, “A
father effect explains sex-ratio bias,” Proc. R. Soc. B Biol. Sci., vol. 284, pp. 1-7, 2017,
https://doi.org/10.1098/rspb.2017.1159.

[9]A. M. Edwards and E. Z. Cameron, “Forgotten fathers: Paternal influences on mammalian sex
allocation,”  Trends  Ecol. Evol., vol. 29, no. 3, pp. 158-164, 2014,
https://doi.org/10.1016/j.tree.2013.12.003.

[10] R. Catalano, J. A. Casey, and T. A. Bruckner, “A test of oscillation in the human secondary sex
ratio,” Evol. Med. Public Heal., vol. 2020, pp. 225-233, 2021,
https://doi.org/10.1093/EMPH/EOAA012.

[11] W. H. James and V. Grech, “Offspring sex ratio: Coital rates and other potential causal
mechanisms,” Early Hum. Dev., vol. 116, pp. 24-27, 2018,
https://doi.org/10.1016/j.earlhumdev.2017.10.006.

[12] R. A. Catalano, T. A. Bruckner, K. R. Smith, and K. B. Saxton, “Temperature oscillations may
shorten male lifespan via natural selection in utero,” Clim. Change, vol. 110, pp. 697-707, 2012,
https://doi.org/10.1007/s10584-011-0119-4.

[13] K. B. Saxton, A. Gemmill, and R. A. Catalano, “Reproductive suppression follows threats to
child survival,” J. Evol. Biol., vol. 30, no. 5, pp. 889-897, 2017, https://doi.org/10.1111/jeb.13061.

[14] Y. S. Khandwala, V. L. Baker, G. M. Shaw, D. K. Stevenson, Y. Lu, and M. L. Eisenberg,
“Association of paternal age with perinatal outcomes between 2007 and 2016 in the United States:
Population based cohort study,” BMJ, vol. 363, pp. 1-8, 2018, https://doi.org/10.1136/bmj.k4372.

[15] E. Ein-Mor, D. Mankuta, D. Hochner-Celnikier, A. Hurwitz, and R. Haimov-Kochman, “Sex
ratio is remarkably constant,” Fertil. Steril., vol. 93, no. 6, pp. 1961-1965, 2010,
https://doi.org/10.1016/j.fertnstert.2008.12.036.

[16] W. H. James and V. Grech, “A review of the established and suspected causes of variations in
human sex ratio at birth,” Early Hum. Dev.,, vol. 109, pp. 50-56, 2017,
https://doi.org/10.1016/j.earlhumdev.2017.03.002.

[17] W. H. James, “Evidence that mammalian sex ratios at birth are partially controlled by parental
hormone levels around the time of conception,” J. Endocrinol., vol. 198, no. 1, pp. 3-15, 2008
https://doi.org/10.1677/JOE-07-0446.

[18] M. H. Al-Ardi, “Toxoplasma gondii: Model Manipulating by the Host Behaviour,” Rafidain
Journal of Science, Vol. 30, No. 1, pp. 18- 27, 2021, https://rsci.mosuljournals.com

[19] H. X. Wei, S. S. Wei, D. S. Lindsay, and H. J. Peng, “A systematic review and meta-analysis of
the efficacy of anti-Toxoplasma gondii medicines in humans,” PL0S One, vol. 10, no. 9, pp. 1-12,
2015, https://doi.org/10.1371/journal.pone.0138204.

[20] M. Colak and N. Asgin, “Evaluation of Toxoplasma gondii seroprevalence and iGg avidity test
results among childbearing-age women in Karabuk province,” GEVHER NESIBE J. Med. Heal.
Sci., vol. 6, no. 12, pp. 98-103, 2021. http://dx.doi.org/10.46648/gnj.204

[21] S. Soltani, A. D. Ghaffari, M. S. Kahvaz, M. Sabaghan, M. Pashmforosh, and M. Foroutan,
“Detection of Anti- Toxoplasma gondii IgG and IgM Antibodies and Associated Risk Factors
during Pregnancy in Southwest Iran,” Infect. Dis. Obstet. Gynecol., vol. 2021, pp. 1-6, 2021.
https://doi.org/10.1155/2021/5547667

[22] A. N. Vueba, C. P. Faria, R. Almendr, P. Santan, and M. Do Ceu Sousa, “Serological prevalence
of toxoplasmosis in pregnant women in Luanda (Angola): Geospatial distribution and its

2858



Al-Ardi Iragi Journal of Science, 2022, Vol. 63, No. 7, pp: 2850-2860

association with socio-demographic and clinical-obstetric determinants,” PL0S One, vol. 15, no.
11, pp. 1-22, 2020, https://doi.org/10.1371/journal.pone.0241908.

[23] H. Caballero-Ortega, L. B. Ortiz-Alegria, A. L. Castafieda-Huitrén, C. Murata, R. Figueroa-
Damian, and M. D. Correa Beltran, “Frequency of risk infections for congenital infection in
pregnant women,” Acta Pediatrica México, vol. 42, no. 3, pp. 102-111, 2021, doi:
https://doi.org/10.18233/apm42n0o3pp102-1112129.

[24] E. Robinson, H. De Valk, 1. Villena, Y. Le Strat, and M. Tourdjman, ‘“National perinatal survey
demonstrates a decreasing seroprevalence of Toxoplasma gondii infection among pregnant women
in France, 1995 to 2016: Impact for screening policy,” Eurosurveillance, vol. 26, no. 5, pp. 1-22,
2021, https://doi.org/10.2807/1560-7917.ES.2021.26.5.1900710.

[25] L. M. R. Antinarelli et al., “Rural residence remains a risk factor for Toxoplasma infection among
pregnant women in a highly urbanized Brazilian area: a robust cross-sectional study,” Trans. R.
Soc. Trop. Med. Hyg., vol. tral53, pp. 10-13, 2020, https://doi.org/10.1093/trstmh/traal53.

[26] M. S. Bahreini, F. Zarei, N. Dastan, S. Sami Jahromi, P. Pourzargham, and Q. Asgari, “The
relationship between Toxoplasma gondii infection in mothers and neonate’s gender,” J. Matern.
Neonatal Med., pp. 1-5, 2020, https://doi.org/10.1080/14767058.2020.1849103.

[27] S. Shojaee, A. Teimouri, H. Keshavarz, S. J. Azami, and S. Nouri, “The relation of secondary sex
ratio and stillborn history with Toxoplasma gondii infection,” BMC Infect. Dis., vol. 18, no. 1, pp.
10-15, 2018, doi: https://doi.org/10.1186/s12879-018-3228-0.

[28] S. Kankova, J. Sulc, K. Nouzova, K. Fajfrlik, D. Frynta, and J. Flegr, “Women infected with
parasite Toxoplasma have more sons,” Naturwissenschaften, vol. 94, no. 2, pp. 122-127, 2007,
https://doi.org/10.1007/s00114-006-0166-2.

[29] S. Kafikova, P. Kodym, D. Frynta, R. Vaviinova, A. Kubéna, and J. Flegr, “Influence of latent
toxoplasmosis on the secondary sex ratio in mice,” Parasitology, vol. 134, no. 12, pp. 1709-1717,
2007, https://doi.org/10.1017/S0031182007003253.

[30] M. S. Dama, L. M. Novékova, and J. Flegr, “Do differences in Toxoplasma prevalence influence
global variation in secondary sex ratio? Preliminary ecological regression study,” Parasitology,
vol. 143, no. 9, pp. 1193-1203, 2016, https://doi.org/10.1017/S0031182016000597.

[31] J. Flegr and S. Kafkova, “The effects of toxoplasmosis on sex ratio at birth,” Early Hum. Dev.,
vol. 141, pp. 1-5, 2020. https://doi.org/10.1016/j.earlhumdev.2019.104874.

[32] J. Flegr, J. Lindova, and P. Kodym, “Sex-dependent toxoplasmosis-associated differences in
testosterone concentration in humans,” Parasitology, vol. 135, no. 4, pp. 427-431, 2008,
https://doi.org/10.1017/S0031182007004064.

[33] M. H. Al-Ardi, “The role of Toxoplasma gondii in concentration of some sex hormones in
infertile individual,” J. Med. Pharm. Sci., wvol. 1, no. 5, pp. 72-82, 2021,
https://doi.org/10.26389/AJSRP.F101220

[34] L. Yao et al., “Toxoplasma gondii Type-l ROP18 Targeting Human E3 Ligase TRIM21 for
Immune Escape,” Front. Cell Dev. Biol., vol. 9, pp. 1-15, 2021
https://doi.org/10.3389/fcell.2021.685913.

[35] E. H. Shin, Y. S. Chun, W. H. Kim, J. L. Kim, K. H. Pyo, and J. Y. Chai, “Immune responses of
mice intraduodenally infected with Toxoplasma gondii KI-1 tachyzoites,” Korean J. Parasitol.,
vol. 49, no. 2, pp. 115-123, 2011, https://doi.org/10.3347/kjp.2011.49.2.115.

[36] X. Zhang, H. Zhang, Y. Fu, J. Liu, and Q. Liu, “Effects of estradiol and progesterone-induced
intracellular calcium fluxes on Toxoplasma gondii gliding, microneme secretion, and egress,”
Front. Microbiol., vol. 9, pp. 1-9, 2018, https://doi.org/10.3389/fmich.2018.01266.

[37] N. Abdulkareem, E. Abdulkareem, and S. Mutlak, “Correlation of Sex Hormones and Periodontal
Disease in Women with Menstrual Cycle Irregularities,” Indian J. Forensic Med. Toxicol., vol. 15,
no. 3, pp. 3829-3838, 2021, https://doi.org/10.37506/ijfmt.v15i3.

[38] M. Rafiee, A. Rezaei, R. Alipour, N. Sereshki, N. Motamedi, and M. Naseri, “Progesterone-
induced blocking factor (PIBF) influences the expression of membrane progesterone receptors
(mPRs) on peripheral CD4+ T lymphocyte cells in normal fertile females,” Hormones, pp. 1-21,
2021, https://doi.org/10.1007/s42000-021-00291-5.

[39] N. Johansen, A. Lindén Hirschberg, and M. H. Moen, “The role of testosterone in menopausal
hormone treatment. What is the evidence?,” Acta Obstet. Gynecol. Scand., vol. 0, no. 0, pp. 1-4,
2020, https://doi.org/10.1111/a0gs.13819.

2859



Al-Ardi Iragi Journal of Science, 2022, Vol. 63, No. 7, pp: 2850-2860

[40] X. Zhang et al., “Role of an estradiol regulatory factor-hydroxysteroid dehydrogenase (HSD) in
Toxoplasma gondii infection and pathogenicity,” J. Steroid Biochem. Mol. Biol., pp. 176-182,
2017, https://doi.org/10.1016/j.jsbmb.2017.09.001.

[41] R. Wang et al., “Elevated non-essential metals and the disordered metabolism of essential metals
are associated to abnormal pregnancy with spontaneous stillborn,” Environ. Int., vol. 144, pp. 1-10,
2020, https://doi.org/10.1016/j.envint.2020.106061.

[42] K. Mahadik, P. Choudhary, and P. K. Roy, “Study of thyroid function in pregnancy, its feto-
maternal outcome; a prospective observational study,” BMC Pregnancy Childbirth, vol. 20, no. 1,
pp. 1-7, 2020, https://doi.org/10.1186/512884-020-03448-z.

[43] N. Khadem et al., “Comparison of serum levels of Tri-iodothyronine (T3), Thyroxine (T4), and
Thyroid-Stimulating Hormone (TSH) in preeclampsia and normal pregnancy,” Iran. J. Reprod.
Med., vol. 10, no. 1, pp. 47-52, 2012, http://mjiri.iums.ac.ir

[44] H. M. Chen et al., “New trimester-specific reference intervals for clinical biochemical tests in
Taiwanese pregnant women-cohort of TMICS,” PL0oS One, vol. 15, no. 12, pp. 1-15, 2020,
https://doi.org/10.1371/journal.pone.0243761.

[45] Q. Sha et al., “Associations between estrogen and progesterone, the kynurenine pathway, and
inflammation in the post-partum,” J. Affect. Disord., wvol. 281, pp. 9-12, 2021,
https://doi.org/10.1016/j.jad.2020.10.052.

[46] A. M. Salem, “Variation of Leptin During Menstrual Cycle and Its Relation to the Hypothalamic—
Pituitary—Gonadal (HPG) Axis: A Systematic Review,” Int. J. Womens. Health, vol. 13, pp. 445-
458, 2021, https://doi.org/10.2147/ijwh.s309299.

[47] S. M. Carlsen, G. Jacobsen, and P. Romundstad, “Maternal testosterone levels during pregnancy
are associated with offspring size at birth,” Eur. J. Endocrinol., vol. 155, pp. 365-370, 2006
https://doi.org/10.1530/eje.1.02200.

[48] X. Yang, Y. Zhen, and L. Liu, “The Development and Functional Regulation of the Fetal Adrenal
Cortex,” Yangtze Med., vol. 4, pp. 254-276, 2020, https://doi.org/10.4236/ym.2020.44024.

[49] J. Kaludjerovic and W. E. Ward, “The interplay between estrogen and fetal adrenal cortex,” J.
Nutr. Metab., vol. 2012, 2012, https://doi.org/10.1155/2012/837901.

[50] M. V. Lombardo et al., “Fetal testosterone influences sexually dimorphic gray matter in the
human brain,” J. Neurosci., vol. 32, no. 2, pp. 674—680, 2012,
https://doi.org/10.1523/JNEUROSCI.4389-11.2012.

[51] L. De Groot et al., “Management of thyroid dysfunction during pregnancy and postpartum: An
endocrine society clinical practice guideline,” J. Clin. Endocrinol. Metab., vol. 97, no. 8, pp. 2543—
2565, 2012, https://doi.org/10.1210/jc.2011-2803.

[52] Y. Zhang et al., “Association of Maternal Thyroid Function and Thyroidal Response to Human
Chorionic Gonadotropin with Early Fetal Growth,” Thyroid, vol. 29, no. 4, pp. 586-594, 2019,
https://doi.org/10.1089/thy.2018.0556.

[53] F. Xiong et al., “Initial serum HCG levels are higher in pregnant women with a male fetus after
fresh or frozen single blastocyst transfer: A retrospective cohort study,” Taiwan. J. Obstet.
Gynecol., vol. 58, pp. 833-839, 2019, https://doi.org/10.1016/j.tjog.2019.09.019.

2860



