
Introduction
Infertility as a condition is defined as the inability 
to achieve a pregnancy after 12 months of regular 
unprotected intercourse (1). It affects a large number of 
people worldwide as some estimates put it at 10–15% of 
couples globally (2). In females, infertility can have a wide 
range of causes such as ovulatory disorders, tubal issues, 
uterine abnormalities and endometrium-related issues (3). 
However, there is a large portion of infertility cases that 
are labeled as “unexplained infertility” about 10–30% in 
some estimates, in these cases a clear cause of infertility 
cannot be established via the standard diagnostic route (4). 
Many studies link unexplained infertility to subtle immune 
dysregulation as a possible mechanism for the infertility in 
these cases especially cytokine imbalance at the maternal-
fetal environment (5). 

Toxoplasma gondii is a very common pathogen globally. 
It is an intracellular parasitic agent that infects a large 
percentage of the human population with some estimates 

putting the infection rate at one third of the population (6). 
Toxoplasma gondii life cycle is complex, having a sexual 
reproduction cycle in the definitive host which is exclusively 
felines and an asexual reproduction in intermediate hosts 
such as humans and other warm-blooded animals (7). 
Humans often get infected after ingestion of the tissue 
cyst in undercooked meat from intermediate hosts or 
from materials contaminated with cat feces that contain 
the sporulated oocyst (8). After the infection the parasite 
transforms from the rapid replicating form known 
as tachyzoite into the slowly growing form called the 
bradyzoite which is enclosed in a tissue cyst and is the 
latent phase form which resides in the brain, muscles and 
other organs (9). In people who are immunocompetent the 
latent Toxoplasmosis phase is asymptomatic but remains 
in a dormant state (10). The response to Toxoplasma 
gondii from the immune system is generally driven by Th1 
cytokines. Interferon-gamma IFN-γ, which is produced 
by natural killer cells, CD4+ T helper cells and CD8+ 

Serum Interferon-Gamma, Interleukin-4, and 
Transforming Growth Factor-Beta Profiles in Infertile 
Women with Latent Toxoplasma gondii Infection: A 
Case-Control Study
Aws Maher Khaleel1* ID , Amal Khudair Khalaf1 ID , Enaas Salih Jawad2

1Department of Microbiology, College of Medicine, University of Thi-Qar, Thi-Qar, Iraq
2Department of Gynecology & Obstetrics, College of Medicine, University of Thi-Qar, Thi-Qar, Iraq

*Corresponding Author: Aws Maher Khaleel, Email: Aws.ms.24@utq.edu.iq

Received: April 12, 2026, Revised: June 5, 2026, Accepted: July 28, 2026, ePublished: August 10, 2026

Abstract
Introduction: Latent Toxoplasma gondii infection is highly prevalent worldwide and has been linked to adverse reproductive 
outcomes. However, the immunological mechanisms through which chronic toxoplasmosis may contribute to unexplained 
female infertility remain poorly understood, particularly regarding cytokine imbalance at the maternal-fetal interface. Aim of this 
study is determine whether latent T. gondii infection is associated with altered serum levels of pro-inflammatory (IFN-γ) and anti-
inflammatory (IL-4, TGF-β) cytokines in females with unexplained infertility, and to evaluate whether this cytokine profile reflects 
a Th1-dominant immune imbalance.
Methods: A case-control study was conducted at Fatima Al-Zahraa Hospital, Baghdad, Iraq (February–May 2026). A total of 250 
females were enrolled: 150 with unexplained infertility (cases) and 100 healthy fertile controls. All participants were tested for 
anti-T. gondii IgG antibodies by ELISA and subgrouped accordingly. Serum IFN-γ, IL-4, and TGF-β were quantified using sandwich 
ELISA. Data were analyzed using independent t-tests and two-way ANOVA.
Results: Toxoplasma seropositivity was significantly higher among infertile females (24.0% vs. 12.0%; OR = 2.32, P = 0.018). 
Seropositive infertile females exhibited significantly elevated IFN-γ (45.39 ± 9.76 vs. 33.54 ± 3.84 pg/mL; P = 0.026). Neither IL-4 
(P = 0.714–0.901) nor TGF-β (P = 0.397–0.883) differed significantly across subgroups, indicating failure of compensatory anti-
inflammatory regulation.
Conclusion: Latent T. gondii infection in females with unexplained infertility is associated with a Th1-dominant immune state that 
is not counterbalanced by regulatory cytokines, potentially disrupting endometrial receptivity and embryo implantation.
Keywords: Toxoplasma gondii, Infertility, Interferon-gamma, Interleukin-4, Transforming growth factor beta, Reproductive 
immunology

Open Access 

http://ijmpes.com

Medical Parasitology & 
Epidemiology Sciences

International Journal of IJMPES

Int J Med Parasitol Epidemiol Sci 2026;7(3): x-x

eISSN 2766-6492

doi:10.34172/ijmpes.6283

Original Article

https://orcid.org/0009-0001-0208-6376
https://orcid.org/0000-0001-5051-3240
mailto:Aws.ms.24@utq.edu.iq
http://ijmpes.com


Khaleel et al

 Int J Med Parasitol Epidemiol Sci 2026;7(3)2

cytotoxic T cells, plays an important role in the control of 
the parasite replication (11). IFN-γ functions by activating 
macrophages and promotes antimicrobial pathways which 
restrict the intracellular bradyzoite replication and prevent 
tissue cysts from rupturing (12). While Th1 response is 
important in countering invading pathogens it must be 
balanced to prevent damage to the host; This is done by 
anti-inflammatory cytokine release. In healthy individuals 
the anti-inflammatory response is mediated by cytokines 
such as interleukin-4 (IL-4) and transforming growth 
factor-beta (TGF-β) which prevent excessive damage 
to host tissues and promote tolerance (13). When this 
immune balance is affected, many disorders can occur. 
The immune environment in the reproductive system of 
females especially the uterus is quite complex and in order 
to achieve a successful embryo implantation the maternal 
immune system has to shift towards a tolerogenic state 
that permits the semi-foreign embryo to be implanted into 
the endometrium (14). This tolerance is mediated partly 
by the cytokine TGF-β and other regulatory cytokines 
that suppress the hostile cytotoxic immune agents in the 
uterine environment (15). An unregulated Th1 immune 
state dominated by IFN-γ has been shown to be damaging 
to trophoblast invasion and implantation (16), Which 
proves that the immune balance needed is a critical factor 
in fertility. Previous studies in Iraq and across the Middle 
East have shown a high seroprevalence for the Toxoplasma 
gondii parasite. Studies from Baghdad, Erbil, Babylon, 
Duhok and other cities have reported high percentages of 
Toxoplasma gondii infection in females of reproductive 
age reaching 30–60% (17-19). Many studies in Iraq have 
also linked Toxoplasma gondii to miscarriages, hormonal 
disturbances and reproductive failures (20-23). But only a 
few have focused on the cytokine mechanisms by which the 
latent infection phase was likely to interfere with normal 
fertility in females suffering from unexplained infertility. 
This study was designed to bridge this gap in knowledge. 
We measured the serum concentration levels of IFN-γ, IL-4 
and TGF-β in a group of infertile females and healthy fertile 
females used as controls and these groups were subdivided 
based on their Toxoplasma gondii IgG seropositivity status. 
The results were analyzed using a two-way ANOVA to 
determine the independent and interactive effects of 
Toxoplasma infection and infertility status on the cytokine 
levels. We hypothesized that latent Toxoplasmosis would 
be involved in a Th1 immune shift in infertile females 
and that the regulatory cytokine would not sufficiently 
compensate for the inflammatory state.

Materials and Methods
Study design
A case-control study was conducted at the fertility clinics 
in Fatima Al-Zahraa hospital in Baghdad province, Iraq 
between the months of February 2026 and May 2026. 
Ethical approval was obtained from the institutional ethics 
committee and all participants provided informed consent 
before the collection of samples. All procedures done in this 
study were performed in accordance with the principles of 

the Declaration of Helsinki.

Study population
A total of 250 females were included in this study and 
were divided into two main groups. The case group which 
included 150 females who were diagnosed with unexplained 
infertility. Whereas the control group included 100 
healthy fertile females who had at least one prior full-term 
pregnancy and had no history of miscarriages or infertility.
 
Exclusion criteria
Acute viral or bacterial infections, confirmed autoimmune 
diseases, recent use of immunosuppressive drugs and male 
factor infertility.

Serological classification
All females were tested for anti-Toxoplasma gondii 
IgG antibodies using a commercial ELISA kit by DRG 
diagnostics (Cat. Number EIA-3519). According to the 
results of this test participants were subdivided into four 
subgroups: Subgroup A (Infertile/Toxo-Negative, n = 114) 
Subgroup B (Fertile/Toxo-Negative, n = 88), Subgroup C 
(Infertile/Toxo-Positive, n = 36), and Subgroup D (Fertile/
Toxo-Positive, n = 12).

Sample collection
5 ml of venous blood was collected from each participant 
using a standard gel-tube and the blood was left for 
20 minutes at room temperature to clot. Then it was 
centrifuged for 10 minutes at 3500 rpm and the serum was 
transferred into Eppendorf tubes and stored at -20 degrees 
Celsius until testing.

Cytokine measurement
Serum concentration levels of IFN-γ, TGF-β and IL-4 
were performed using BT-Labs Sandwich ELISA kits (Cat. 
Numbers E0105Hu, E3051Hu and E0092Hu respectively), 
following the manufacturer guidelines precisely.

Statistical analysis
The data were analyzed using IBM SPSS statistics v.26. 
Continuous variables are shown as mean ± standard 
deviation (SD). The age difference between the case and 
control groups was tested using an independent t-test. 
Cytokine levels were analyzed by two-way ANOVA with 
anti-Toxoplasma gondii IgG status and fertility status as 
fixed factors.

Results
Anti-Toxoplasma gondii IgG
Results for this test showed higher prevalence of latent 
Toxoplasmosis in the infertile case group at 24% (36 out 
of 150) compared to 12% (12 out of 100) for the healthy 
controls as shown in Table 1.

Chi-square analysis showed that this finding was 
statistically significant (Χ2 = 5.56, P = 0.018). Risk modelling 
showed that infertile females included in this study had 
more than two times the odds of being infected with latent 
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toxoplasmosis compared to the healthy fertile control 
group (OR = 2.32, 95% CI = 1.13 - 4.73). 

Participants demographics
A total of 250 females were included in this study: 150 
infertile females (case group) and 100 healthy fertile 
females (control group). The mean age of the case group 
was 27.53 ± 5.92 years and the mean age of the control 
group was 28.85 ± 3.25 years as shown in Table 2. 

An independent samples t-test was performed and 
showed no statistically significant differences between the 
groups in regards to age (t = -1.303, df = 248, P = 0.198). 
This shows that the groups age-matched and age can be 
excluded as a factor in the cytokine comparisons. 

Serum IFN-γ concentration
The concentration levels of IFN-γ showed a clear stepwise 
elevation that is associated with infertility and Toxoplasma 
gondii seropositivity. The lowest mean IFN-γ was seen 
in the Toxoplasma gondii IgG negative healthy controls 
(Subgroup B: 33.54 ± 3.84 pg/ml), while the highest levels 
were seen in the Toxoplasma gondii IgG positive infertile 
group (Subgroup C: 45.39 ± 9.76 pg/ml). The IFN-γ levels 
in IgG positive fertile females (Subgroup D: 38.38 ± 4.71 
pg/ml) and IgG negative infertile females (Subgroup A: 
39.27 ± 9.47 pg/ml) as shown in Table 3. 

Levene’s test for equality of variance was non-significant 
(Levene statistic = 2.282, P = 0.086), indicating that the 
assumption of homogeneity of variance was met and 

standard two-way ANOVA was appropriate.
The two-way ANOVA test showed a statistically 

significant effect of the fertility status on the levels of IFN-γ 
(F = 5.182, P = 0.026). Toxoplasma gondii IgG serostatus 
showed a strong trend that was very close to the significance 
threshold (F = 3.830, P = 0.054). The interaction between 
Toxoplasma gondii infection and the fertility status was 
non-significant (F = 0.052, P = 0.820), which suggests that 
infertility and latent Toxoplasmosis act independently on 
IFN-γ levels rather than in unison. The overall ANOVA 
model was highly significant (F = 4.848, P = 0.004) and has 
accounted for approximately 16% of the variance in IFN-γ 
concentrations in total (R² = 0.162). 

Serum IL-4 concentrations
Serum IL-4 levels showed similar results across all four 
subgroups of this study and no meaningful differences 
were observed. Mean values ranged from 137.83 ± 47.02 
pg/ml for the infertile Toxoplasma IgG positive group 
(Subgroup C) to 144.04 ± 26.89 pg/ml for the fertile 
Toxoplasma IgG negative group (Subgroup B) while the 
infertile Toxoplasma IgG negative group (Subgroup A) had 
a mean concentration of 140.82 ± 36.20 pg/ml and lastly 
the fertile Toxoplasma IgG positive group (Subgroup D) 
had a mean of 137.99 ± 17.76 pg/mL as shown in Table 4.

Levene’s test of variance showed unequal variance 
among the Subgroups in this study (Levene statistic = 3.085, 
P = 0.032) therefore robust post-hoc tests (Games-Howell) 
were applied for pairwise comparison. The two-way 

Table 1. Seroprevalence and Odds Ratio of Anti-T. gondii IgG Between Study groups

Study groups Total Examined (N) IgG Positive (n, %) IgG Negative (n, %) χ² Value P-value Odds Ratio (95% CI)

Infertile Cases 150 36 (24.0%) 114 (76.0%)
5.56

0.018
(Significant)

2.32 (1.13 - 4.73)
(95% Confidence)Healthy Controls 100 12 (12.0%) 88 (88.0%)

Table 2. Age distribution 

Measured Parameter Patient Group Sample Size (N) Average Age (Years) Standard Deviation (± SD)

Participant Age Infertile Cases 150 27.53 5.92

Table 3. Serum IFN-γ concentrations (pg/mL) across the four study subgroups with two-way ANOVA results

Subgroup n Mean (pg/mL) SD Fertility / Infection

Subgroup A – (Infertile / Toxo-Negative) 114 39.27 9.47 Infertile /Uninfected

Subgroup B – (Fertile / Toxo-Negative) 88 33.54 3.84 Fertile /Uninfected

Subgroup C – (Infertile / Toxo-Positive) 36 45.39 9.76 Infertile / Infected (highest)

Subgroup D – (Fertile / Toxo-Positive) 12 38.38 4.71 Fertile / Infected

Two-Way ANOVA: Overall model: F = 4.848, P = 0.004 (R² = 0.162) | Fertility status: F = 5.182, P = 0.026 | Infection status: F = 3.830, P = 0.054 | Interaction: 
F = 0.052, P = 0.820 | Levene’s test: P = 0.086 (equal variances)

Table 4. Serum IL-4 concentrations (pg/mL) across the four study subgroups with two-way ANOVA results

Subgroup n Mean (pg/mL) SD Fertility / Infection

Subgroup A – (Infertile / Toxo-Negative) 114 140.82 36.20 Infertile / Uninfected

Subgroup B – (Fertile / Toxo-Negative) 88 144.04 26.89 Fertile / Uninfected

Subgroup C – (Infertile / Toxo-Positive) 36 137.83 47.02 Infertile / Infected

Subgroup D –(Fertile / Toxo-Positive) 12 137.99 17.76 Fertile / Infected

Two-Way ANOVA: Infection status: F = 0.136, P = 0.714 (NS) | Fertility status: F = 0.019, P = 0.890 (NS) | Interaction: F = 0.015, P = 0.901 (NS) | Levene’s test: 
P = 0.032 (unequal variances; Games-Howell post-hoc applied)
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ANOVA test showed no significant effect of Toxoplasmosis 
status (F = 0.136, P = 0.714) and no effect of the fertility 
status (F = 0.019, P = 0.890) as well as no significant 
interaction between the two factors mentioned (F = 0.015, 
P = 0.901). These findings show that IL-4 did not differ 
between the study groups in a significant manner. 

Serum TGF-β concentration
Serum TGF-β concentration was observed to have a 
descending pattern, with healthy Toxoplasma seronegative 
controls having the highest levels and seropositive infertile 
females having the lowest levels. Despite this, there was 
no statistically significant difference across all subgroups. 
The mean concentrations were as follows, Subgroup B 
(fertile/Toxo IgG negative) 177.45 ± 54.59 pg/ml, Subgroup 
A (infertile/Toxo IgG negative) 169.14 ± 60.53 pg/ml, 
Subgroup D (fertile/Toxo IgG positive) 165.29 ± 25.94 
pg/ml and Subgroup C (infertile/Toxo IgG positive) 
151.92 ± 52.53 pg/ml as shown in Table 5.

Levene’s test was non-significant (Levene statistic = 1.395, 
P = 0.251), which confirms the homogeneity of variance. 
The two-way ANOVA test was performed and showed 
no significant effect of Toxoplasma gondii IgG status 
(F = 0.727, P = 0.397) and no significant effect of fertility 
status as well (F = 0.396, P = 0.531) as well as no significant 
interaction between the two factors (F = 0.022, P = 0.883).

Summary of All ANOVA Results
Table 6 shows a summary of all two-way ANOVA results 
for all the three cytokines and their respective findings.

Discussion
This study examined the serum cytokine levels of 250 
Iraqi females divided by infertility status and whether 

they had latent Toxoplasmosis or not. The main finding 
was that females who were infertile and positive for latent 
Toxoplasmosis (anti-Toxoplasma gondii IgG) showed 
significantly higher concentrations of IFN-γ (F = 5.182, 
P = 0.026), while serum concentrations of IL-4 (P = 0.714–
0.901) and TGF-β (P = 0.397–0.883) were not significantly 
different across all subgroups of this study. These results 
show a Th1-dominant pro-inflammatory immunological 
state in infected infertile females which is not being 
balanced by the anti-inflammatory or regulatory factors 
of the immune system, which can have direct effects on 
endometrial receptivity and embryo implantation as these 
processes need a tightly balanced immune environment. 
The IFN-γ level in Toxo-positive infertile females was 
(45.39 ± 9.76 pg/ml) and (33.54 ± 3.84 pg/ml) in Toxo-
negative fertile healthy controls which is in line with the 
well-established role of IFN-γ being the main cytokine 
effector in the defense against Toxoplasma gondii. IFN-γ 
is produced by NK cells and T lymphocytes in response to 
Toxoplasma gondii antigens and promotes activation of 
macrophages and the intracellular killing of Toxoplasma 
gondii (24-26). In the latent phase of infection, the parasite 
exists as bradyzoites enclosed in tissue cysts and the 
immune system in this case continues IFN-γ production at a 
subclinical but biologically relevant levels in order to protect 
against reactivation (27, 28). This study demonstrates this 
continuous IFN-γ production and the effect of Toxoplasma 
gondii infection on IFN-γ levels showed a strong trend 
(F = 3.830, P = 0.054) suggesting a strong trend that chronic 
Toxoplasmosis contributes independently to higher levels 
of IFN-γ. Several Iraqi and regional studies support this 
finding. For example, Azab Hameed and Khalaf [2024] 
reported higher levels of IFN-γ in patients who were 
seropositive for Toxoplasma gondii in Baghdad which 

Table 5. Serum TGF-β concentrations (pg/mL) across the four study subgroups with two-way ANOVA results

Subgroup n Mean (pg/mL) SD Fertility / Infection

Subgroup A – (Infertile / Toxo-Negative) 114 169.14 60.53 Infertile / Uninfected

Subgroup B – (Fertile / Toxo-Negative) 88 177.45 54.59 Fertile / Uninfected (highest)

Subgroup C – (Infertile / Toxo-Positive) 36 151.92 52.53 Infertile / Infected (lowest)

Subgroup D – (Fertile / Toxo-Positive) 12 165.29 25.94 Fertile / Infected

Two-Way ANOVA: Infection status: F = 0.727, P = 0.397 (NS) | Fertility status: F = 0.396, P = 0.531 (NS) | Interaction: F = 0.022, P = 0.883 (NS) | Levene’s test: 
P = 0.251 (equal variances)

Table 6. Summary of two-way ANOVA results for serum IFN-γ, IL-4, and TGF-β across all study subgroups

Cytokine Effect F-value P-value Significance Levene's P

IFN-γ

Fertility status 5.182 0.026 * 0.086

Infection status 3.830 0.054 † —

Interaction 0.052 0.820 NS —

IL-4

Fertility status 0.019 0.890 NS 0.032 ª

Infection status 0.136 0.714 NS —

Interaction 0.015 0.901 NS —

TGF-β

Fertility status 0.396 0.531 NS 0.251

Infection status 0.727 0.397 NS —

Interaction 0.022 0.883 NS —

* P < 0.05 (statistically significant) † P = 0.054 (borderline / strong trend) NS = not significant (P > 0.05)
ª Levene’s P = 0.032 for IL-4 (unequal variances); robust post-hoc tests applied. NS = not significant
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supports the findings of this study (29). Additionally, 
Ibrahim et al. [2025] reported that Th1 response dominated 
in Egyptian females with both unexplained infertility and 
Toxoplasma gondii infection(30). Also a study in Baghdad 
reported significantly higher IFN-γ levels in infertile 
females infected with Toxoplasma gondii (31), a finding 
that is directly comparable to the significant main effect of 
fertility status observed in this study (F = 5.182, P = 0.026). 
Internationally, a [2023] systematic review by Dos Santos et 
al. revealed that the imbalance between pro-inflammatory 
and regulatory cytokines during gestational toxoplasmosis 
has harmful effects on the fetus, which suggests that chronic 
toxoplasmosis can promote consistent inflammatory 
cytokine production (16).

The main finding of this study is not just IFN-γ elevation 
but also that IL-4 and TGF-β levels remain the same 
and fail to counter the pro-inflammatory response. In 
normal conditions a strong Th1 response is countered 
by Th2 cytokines like IL-4 and regulatory factors like 
TGF-β to prevent excessive tissue damage and promote 
immune tolerance (32, 33). The data in this study show 
that the Th2 signals fail to increase in infertile females 
with latent Toxoplasmosis. IL-4 levels were very similar 
across all subgroups ranging from 137.83 to 144.04 pg/ml, 
P = 0.714–0.901, confirming Th2 response was not activated 
proportionally to the Th1 activation. This is explained by 
the known Toxoplasma gondii immune evasion strategy 
in which the parasite suppresses signals of IL-4 and Th2 
differentiation as a survival mechanism, since a proper IL-4 
and Th2 responses were shown to be of protective value 
against toxoplasmic encephalitis in murine models (34, 35). 
The lack of such response in this study can be expected to 
have significant consequences on the fertility of females 
with latent Toxoplasmosis.

The TGF-β cytokine is important in the immunology 
of the reproductive system as it promotes tolerance at 
the maternal-fetal interface, suppresses T cytotoxic cells 
and NK cells in the endometrium and also supports 
trophoblast invasion(14, 15, 36). In this study infertile 
females with latent Toxoplasmosis showed the lowest mean 
concentration of TGF-β (151.92 ± 52.53 pg/ml) which was 
lower than the uninfected fertile controls (177.45 ± 54.59 
pg/ml) by almost 25 pg/ml. Although this was not 
statistically significant (F = 0.396, P = 0.531) it should not 
be dismissed. Especially when combined with higher IFN-γ 
level even a small decrease of TGF-β level can affect the 
tolerance of the uterine environment needed for successful 
implantation and shift it towards a hostile state. This is 
supported by Dos Santos [2023] findings who showed 
that cytokine imbalance in gestational Toxoplasmosis 
where pro-inflammatory cytokines dominate regulatory 
responses is associated with adverse pregnancy outcomes 
across the board (16). Haddad et al. [2025] from Iraq 
linked Toxoplasma gondii infection to altered TGF-β levels 
supporting the idea that the parasite affects the regulatory 
cytokines(37). Rico-Torres et al. [2025] showed that a single 
nucleotide polymorphism in the TGF-β1 regulatory gene 
region can influence the congenital Toxoplasmosis severity 

confirming the importance of TGF-β to Toxoplasma gondii 
related reproductive issues (13). The overall picture of this 
study shows an immune imbalance in the infertile females 
with chronic toxoplasmosis as the immune system is being 
consistently stimulated by the chronic infection to produce 
IFN-γ but at the same time the regulatory arms of the 
immune system fail to counter the inflammatory signals 
to balance this response. IL-4 and TGF-β levels relatively 
remain the same in all groups failing to achieve a tolerogenic 
state that is essential for a successful implantation (38). 
Furthermore, IFN-γ at the endometrium has been shown to 
alter adhesion molecules expression as well as impairment 
of trophoblast normal functions and promotion of a hostile 
NK phenotype (11, 39). And without TGF-β to suppress 
these effects and IL-4 to shift towards Th2 tolerance the 
uterine environment becomes hostile towards the embryo 
and is more likely to reject it than accept it. 

These findings are in line with the research internationally 
that links Toxoplasma gondii to unexplained infertility 
and implantation failure. El Tantawy et al. [2014] in 
Egypt reported a significantly higher seroprevalence 
of Toxoplasma gondii in infertile females compared 
to healthy fertile controls and suggested immune 
mechanisms to be a possible link(40). Zamaniyan et al. 
[2023] in Iran reported some serological evidence that 
latent Toxoplasmosis could be associated with primary 
infertility in females(41). Kheirandish et al. from Iran also 
reported a significant link between Toxoplasma gondii 
infection and miscarriages(42). Fallahi et al. [2018] in a 
review of international literature on Toxoplasma gondii 
effects on reproductive health reported that both acute and 
chronic infections can cause reproductive issues through 
immune related pathways(43). Abdulhasan [2022] from 
Iraq reported higher seroprevalence of Toxoplasma gondii 
in females with miscarriages in Thi-Qar province(20). Also, 
Kadhim [2020] reported a significant association between 
spontaneous miscarriages in Iraqi females and Toxoplasma 
gondii infection(21). This shows the significance of the 
parasite effects on reproductive health of females in the 
region and all the worlds (44-47).

Conclusion
This study demonstrates that latent Toxoplasma 
gondii infection in females with unexplained infertility 
is associated with a pronounced Th1-dominant 
immunological imbalance characterized by elevated 
serum IFN-γ in the absence of compensatory increases in 
IL-4 or TGF-β. Rather than merely reflecting infection-
driven cytokine production, this pattern suggests a failure 
of immune regulatory mechanisms that are essential for 
maintaining the tolerogenic environment at the maternal-
fetal interface. The resulting pro-inflammatory milieu 
likely impairs endometrial receptivity and trophoblast 
invasion, contributing to implantation failure. These 
findings position chronic toxoplasmosis as a modifiable 
immunological contributor to unexplained infertility and 
support the integration of T. gondii serological screening 
into routine infertility workups, particularly in endemic 



Khaleel et al

 Int J Med Parasitol Epidemiol Sci 2026;7(3)6

regions such as Iraq. Clinically, immune-modulating 
interventions alongside anti-parasitic therapy may 
represent a promising adjunctive strategy for improving 
reproductive outcomes in seropositive infertile women. 
Larger prospective studies with endometrial cytokine 
profiling are warranted to confirm these systemic findings 
at the tissue level.
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