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Abstract: 

 

Background: In pregnant women, the intracellular parasite known as Toxoplasma gondii poses 

considerable health hazards owing to the likelihood of congenital transmission and severe 

difficulties for the developing fetus associated with the infection. There is a shortage of 

localized data, particularly concerning the immunological response in pregnant women in Erbil 

city, despite the fact that the worldwide effect has been well documented. The purpose of this 

research is to investigate the incidence of Toxoplasma gondii among pregnant women in Erbil 

city as well as the immune response to the parasite. 

Methodology: Cross-sectional research was carried out with a total of two hundred pregnant 

women from the city of Erbil, who were chosen via prenatal clinics respectively. All of the 

demographic information was acquired via the use of a detailed questionnaire, and blood 

samples were taken for immunological testing. Serological analyses using specific ELISA kits 

were performed. Data analysis employed SPSS software version 26, utilizing Pearson’s 

correlation coefficient and multiple linear regression to examine relationships between 

infection levels, antibody presence, and demographic factors. 

Results: Among the 200 participants, 42.5% tested positive for IgG antibodies, indicating past 

exposure, and 25% tested positive for IgM antibodies, suggesting recent infection. Significant 

correlations were found between antibody levels and stages of pregnancy, with the first 

trimester showing a higher prevalence of IgG positivity at 59.1% (β = 0.24, p < 0.01). A strong 

positive correlation was observed between IgM and IgG levels (β = 0.29, p < 0.001). 

Demographic factors showed notable relationships with IgG levels; the gestation period had a 

significant positive association (β = 0.19, p = 0.01), while abortion history had a negative 

correlation (β = -0.32, p < 0.001). 

Conclusion and recommendation: The study highlighted a significant relationship between 

gestation period and Toxoplasma gondii seroprevalence in pregnant women in Erbil. Therefore, 

policymakers should prioritize public health guidelines for such screenings and bolster 

educational initiatives on toxoplasmosis prevention and management. Additionally, resources 

should be allocated for research on the long-term effects of Toxoplasma infection during 

pregnancy to enhance maternal-child health protocols. 

Key Words:  

Toxoplasmosis, Seroprevalence, IgG/IgM Antibodies, Pregnant Women, Erbil City 
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1. Introduction 

1.1. Introduction and Problem Statement 

      The protozoan parasite known as Toxoplasma gondii is capable of infecting a broad variety 

of warm-blooded species, including humans (Uddin et al., 2021). This parasite is responsible for 

toxoplasmosis, which is one of the most prevalent zoonotic illnesses seen all over the globe. It is 

possible to get infected by ingesting undercooked meat that contains tissue cysts, as well as by 

consuming food or water that is contaminated with oocysts that are found in the faces of infected 

cats, who are the definitive hosts (Overgaauw, 2020). Congenital abnormalities such as 

hydrocephalus, intracranial calcifications, and retinochoroiditis may be caused by maternal 

toxoplasma infection during pregnancy (Bollani et al., 2022, Fallahi et al., 2018). These 

complications can have significant repercussions for the growing fetus, including the possibility 

of a miscarriage, stillbirth, or other congenital abnormalities. The main infection that occurs 

during the third trimester of pregnancy is associated with the greatest risk of congenital 

transmission, according to Leeper and Lutzkanin (2018). Because of this, it is vital for pregnant 

women to have fast treatment and an early diagnosis of toxoplasmosis in order to avoid or 

minimize the negative consequences that the disease may have on the fetus . 

    According to Robert-Gangneux and Guegan (2021), the diagnosis of toxoplasmosis is often 

accomplished by the use of serological assays that identify particular antibodies developed 

against Toxoplasma antigens.  The Sabin-Feldman dye test, the enzyme-linked immunosorbent 

assay (ELISA), the indirect fluorescent antibody test (IFAT), and immunochromatographic 

assays are all included in these tests. According to Elsheikha et al. (2020), the choice of diagnostic 

procedure is determined by a number of criteria, including the clinical presentation, the disease 

stage, and the resources available in the laboratory. The diagnosis of toxoplasmosis is of utmost 

significance during pregnancy because it permits adequate care and therapy, which in turn 

reduces the risk of congenital transmission (Paquet and Yudin, 2018). Serological assays have 

the ability to identify the existence of Toxoplasma-specific antibodies, which may indicate either 

a current or a previous infection (Simon et al., 2020). IgM antibodies are indicative of a recent or 

acute infection, while IgG antibodies are indicative of an illness that occurred in the past or is 

chronic . 

     It is suggested in many countries that pregnant women who are at risk of spreading the illness 

to their unborn children undergo prenatal screening for toxoplasmosis (Ahmed et al., 2020). This 

allows for earlier identification and management of the situation. The incidence of congenital 

toxoplasmosis and the difficulties that are associated with it may be considerably reduced with 
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early identification and fast treatment with effective antiparasitic medications such as spiramycin 

or a combination of pyrimethamine and sulfadiazine (Khan and Khan, 2018). it is essential to 

keep in mind that serological tests on their own may not be able to offer a conclusive diagnosis 

because of the likelihood of obtaining false-positive or false-negative findings (Bastos et al., 

2020). As a result, further diagnostic procedures, such as polymerase chain reaction (PCR) or 

amniocentesis, could be used in some instances in order to validate the diagnosis and evaluate 

the potential for congenital transmission. 

     In many countries, prenatal care includes serological testing for toxoplasmosis during 

pregnancy. This testing is considered an essential component of it. the prevalence of Toxoplasma 

gondii infection and the risk factors associated with it might vary greatly from one demographic 

and geographical location to another region and population (Safarpour et al., 2020). There is a 

lack of epidemiological data about the seroprevalence of toxoplasmosis among pregnant women 

in Erbil City, which is situated in the Kurdistan Region of Iraq. As a result, the primary purpose 

of this research is to explore the incidence of Toxoplasma gondii in pregnant women in Erbil City 

as well as the immunological response to the parasite.   

1.2. Aim of the study 

1.2.1. Main Objective 

        To examine how common and the immune response, to Toxoplasma gondii is among women 

in Erbil city. 

1.2.2. Specific Objectives 

1. To determine how many pregnant women in Erbil city have Toxoplasma gondii antibodies 

(IgG and IgM). 

2. To explore the link between antibody levels and different pregnancy stages among the 

participants. 

3. To investigate how demographic factors relate to the presence of Toxoplasma gondii IgG 

and IgM antibodies in women in Erbil city. 

 

1.3. Research Hypothesis 

1. A notable number of women, in Erbil city may have been exposed to Toxoplasma gondii 

as shown by the presence of IgG and/or IgM antibodies. 

2. The levels of Toxoplasma gondii antibodies (IgG and IgM) in women might vary 

significantly at pregnancy stages. 
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3. Demographic factors such as age, residency, and socioeconomic status will be 

significantly correlated with the seroprevalence of Toxoplasma gondii-specific antibodies 

in pregnant women. 

 

 

 

 

Literature review 

 

This chapter contains the theoretical and conceptual framework of research  

 

2a. Theoretical and conceptual framework 

The framework of this study is a conceptual framework and, in this regard, topics such as 

Toxoplasmosis, Toxoplasmosis in Pregnant Women, Immunological Response to Toxoplasma 

gondii, types of diagnosis were described. 

 

2a.1. Toxoplasma gondii history 

          Toxoplasma gondii, the causative agent of toxoplasmosis, was first discovered in 1908 

independently by Nicolle and Manceaux in Tunisia and Splendore in Brazil. Initially found in a 

rodent, it was distinguished from Leishmania and named due to its curved infective stage. The 

first analysis of T. gondii using virus analysis techniques occurred in 1937. Janku recorded the 

first case of congenital toxoplasmosis in 1923, though T. gondii's role wasn't recognized until 

1937. The parasite's identification as a human pathogen came in 1939, with the first human case 

reported in 1940. Sabin and Feldman developed a serological dye test in 1948, now a gold 

standard in diagnosis. The parasite's life cycle was elucidated in 1970, identifying cats as 

definitive hosts. By the 1980s, T. gondii became known as a significant risk for 

immunocompromised individuals, especially those with HIV. Studies in the early 2000s, 

including Lehmann et al.'s in 2006, revealed genetic variability in T. gondii, noting geographical 

differences and varying virulence (Dubey, 2016, Ferguson, 2009). 

 

2a.2. Overview of Toxoplasmosis 

          Toxoplasmosis is an infectious disease caused by the protozoan parasite Toxoplasma 

gondii. This parasite has a remarkable ability to infect virtually all warm-blooded animals, 

including humans, making it a concern in both veterinary and human medicine. While often 
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asymptomatic, toxoplasmosis can cause significant health issues in certain groups, particularly in 

fetuses and immunocompromised individuals. Transmission to humans can occur through various 

means, including the ingestion of undercooked contaminated meat, exposure to infected cat feces, 

or congenitally from mother to child during pregnancy. Globally, a large proportion of the human 

population is estimated to carry the parasite, though the prevalence rates vary widely among 

different regions and communities (IMAM et al., 2022, Rainova et al., 2022). 

 

 
 

2a.3. Toxoplasmosis in Pregnant Women 

        Toxoplasmosis in pregnancy has serious consequences because of the particular hazards it 

presents to both the pregnant woman and the growing child. When a pregnant woman becomes 

infected with Toxoplasma gondii, the parasite has a chance of crossing the placenta and infecting 

the baby, a disease known as congenital toxoplasmosis (Deganich et al., 2022). It is possible for 

the implications of such disorders to differ greatly depending on the time of pregnancy in which 

they become apparent. Some of the more serious consequences that may occur as a result of 

infections that occur during the early stages of pregnancy include miscarriage, stillbirth, and 

substantial developmental problems in the infant. Even while infections that occur later in 

pregnancy are less likely to cause severe developmental difficulties, they may still result in 

substantial health problems for the kid. These health problems can include impairments in vision 

and hearing, intellectual disability, and seizures. The significance of early and correct diagnosis, 

as well as the adoption of suitable risk-mitigation strategies, is brought into focus and highlighted 

by this statement. Regular screening and education are also very important in the early detection 

and prevention of toxoplasmosis in pregnant women (Oyeyemi et al., 2020, Saso et al., 2020). 

This is further supported by the fact that toxoplasmosis in pregnant women often does not exhibit 

any symptoms. 
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2a.4. Immunological Response to Toxoplasma gondii 

      Toxoplasma gondii immunity, in humans involves an interplay between the adaptive immune 

systems. The innate immune system is the responder to an infection detecting and reacting to the 

parasite. Following this the adaptive immune response kicks in deploying antibodies and T cells 

to fight off the infection. Given the risks associated with transmission the immune response to T. 

Gondii holds significance, for pregnant women. Throughout pregnancy changes occur in the 

system to safeguard the developing baby potentially impacting how infections are handled. 

Typically, distinct antibodies are produced by the body. IgM indicates an infection while IgG 

signals an infection and potential immunity. Understanding the intricacies of this reaction is 

critical for efficient toxoplasmosis screening and therapy during pregnancy. It informs treatment 

choices and drives the development of diagnostic tests to protect both the mother and the growing 

fetus from the harmful consequences of this illness (Borges et al., 2019, Deganich et al., 2022, 

Tlamcani et al., 2017). 
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3. Research Methodology 

3.1. Study design: 

      This study employed a cross-sectional design to investigate pregnant women who were 

visiting specific healthcare facilities in Erbil city for their routine prenatal care and screening . 

 

3.2. Subjects: 

       A total of 200 pregnant women were randomly chosen from those attending prenatal clinics 

in Erbil city. This selection was conducted to specifically evaluate the prevalence and 

immunological response to Toxoplasma gondii within this group. 

 

3.3. Inclusion/Exclusion Criteria 

           Inclusion: 

1. Pregnant women aged 18 years or older. 

2. Women who provided informed consent to participate in the study. 

           Exclusion 

1. Non-residents of Erbil city. 

2. women who did not provide informed consent. 

3. Non-pregnant women. 

4. Participants with acute infectious diseases other than Toxoplasma gondii. 

5. Women diagnosed with malignancy. 

 

3.4. Sampling 

      Two hundred Blood samples were collected from the peripheral veins of the pregnant 

participants. The samples were then stored in tubes containing EDTA. These samples were 

utilized for the detection of Toxoplasma gondii antibodies (IgG and IgM) using appropriate 

immunological assays.  

 

3.5. Method of assignment to study groups 

     Participants in the study were enrolled based on their current pregnancy status and residence 

in Erbil city. Their infection status with Toxoplasma gondii was assessed through serological 

tests, but they were be categorized into 'case' or 'control' groups, as the study is observational in 

nature. Instead, the focus was on evaluating the prevalence of Toxoplasma antibodies among 

these pregnant women and understanding any associated demographic and health-related factors. 
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3.6. Data collection: 

In this study, data collection was conducted through a detailed questionnaire, filled out orally by 

the researcher. This questionnaire included demographic information, obstetric history, and 

serological test results for Toxoplasma gondii antibodies (IgG and IgM). 

 

3.7. Immunological analysis 

1. Specific ELISA kits were used in order to carry out the necessary serological 

examinations for Toxoplasma gondii. 

2. The levels of IgG and IgM antibodies that are specific to toxoplasma were determined in 

serum samples. 

3. The investigation was carried out in a laboratory, which ensured that the precise and 

accurate detection of the Toxoplasma gondii infection status among the pregnant 

participants was carried out. 

 

3.8. Measures/Instruments 

       Serological profiling  

1. The research project involved the analysis of the plasma of pregnant women to determine 

the presence of certain antibodies that are associated with Toxoplasma gondii infection. 

2. In order to guarantee the exact and reliable identification of immunological responses to 

Toxoplasma gondii, these measures were carried out with the assistance of sophisticated 

serological methods, which may have included ELISA or other procedures of a similar 

kind. 

 

3.9. Procedures: 

1. Blood samples were obtained from the participants and centrifuged at a temperature of 4 

degrees Celsius in order to separate the plasma. 

2. After that, the plasma was put through an antibody test using ELISA or another procedure 

that was almost identical. 

3. In order to interact with Toxoplasma antibodies, certain reagents were used and 

introduced to the plasma. 

4. Following incubation, the samples were washed in order to eliminate any compounds that 

were not bound. 

5. For the purpose of detection, a secondary antibody that had an enzyme coupled to it was 

used. 
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6. A substrate that interacts with the enzyme was introduced, which resulted in the 

production of a signal that could be measured. 

7. Quantification of the signal was performed in order to ascertain the existence of 

Toxoplasma antibodies as well as their level. 

3.10. Statistical consideration 

3.10.1. Sample size: 

200 samples 

3.10.2. Data analysis: 

The baseline characteristics of the study participants were detailed using frequencies, proportions, 

means, medians, and inter-quartile ranges, with calculations based on a 95% confidence interval. 

The association between categorical variables, such as antibody levels (IgG and IgM) and 

demographic or obstetric factors, was examined using the chi-square test. Uni-variable and 

stepwise linear regression analyses were used to determine attributable risks and associations, 

adjusting for potential confounders. All analyses were two-tailed with a significance level set at 

p < 0.05 and were conducted using SPSS version 26. 

 

3.11. Ethical Approval: 

This study strictly adhered to international and institutional ethical guidelines for research. Oral 

informed consent was obtained from all participants prior to data collection, ensuring their 

voluntary participation. No additional costs or harm were imposed on participants, and all data 

were published in group format, not individually. The study was committed to upholding the 

highest ethical standards throughout the research process. In accordance with permission number 

952, the Tishik University Medical Analysis Department on November 13, 2023, gave consent 

for the study to be conducted ethically.  

 

3.12. Safety consideration: 

The required precautions for safety were adhered to in a stringent manner during the whole 

experiment. When it was required, goggles were also worn in addition to gloves in order to 

eliminate any possibility of infection or disease contamination. Remains of kit solutions and 

plastic garments were among the waste materials that were disposed of in accordance with the 

rules that were issued by the appropriate authorities in charge of health and safety. Everything 

that was utilized in the research was handled in a responsible and secure manner thanks to this. 
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4. Results 

          This research was carried out in Erbil between the years 2023 and 2024 with the intention 

of determining the immune response of pregnant women to Toxoplasma gondii from the 

perspective of the participants. In this chapter, the examination of the results from the 

investigation is the primary emphasis. The data that were obtained were subjected to a thorough 

analysis utilizing the SPSS software version 26, which was used in order to achieve the goals of 

the research. The findings are provided in the form of descriptive and analytical statistics, which 

are broken down into a number of tables for further explanation. For the purpose of elucidating 

the links between the levels of Toxoplasma gondii infection and the different immunological 

responses in the pregnant women, statistical approaches such as Pearson's correlation coefficient 

and multiple linear regression were used . 

            A detailed summary of the results of the research may be found in Tables No. 1 through 

section 4.5. Table 1 provides a demographic summary of pregnant women in Erbil city who were 

tested for Toxoplasma gondii. This overview includes information such as age, obstetric history, 

gestation time, abortion timing, domicile, vocational and educational position, and economic 

standing. In order to create a profile of the population under investigation, these tables are 

essential. 

           Due to the fact that they quantify the prevalence of Toxoplasma gondii antibodies (IgG 

and IgM) within the cohort, Tables No. 4.2 and 4.3 are very important. These tables also use the 

χ2 test to determine the connection between these antibodies and demographic characteristics. A 

better understanding of the immunological response to Toxoplasma gondii may be gained by the 

frequency and percentage of antibody positivity, which can also serve as an indication for 

infections that occurred in the past or in the recent past. 

           Through the use of a heatmap, Figure 1 provides a visual representation of the correlations 

that exist between demographic data and the prevalence of Toxoplasma gondii-specific IgG and 

IgM antibodies. This color-coded depiction makes it simple to determine the intensity and 

direction of these relationships at a glance, so offering an integrated picture of the connected 

aspects that are included within the scope of the research . 

           The Multiple Linear Regression analyses that are used in Tables No. 4.4 and 4.5 are 

utilized in order to investigate the connections that exist between Toxoplasma gondii infections 

and certain demographic factors. This kind of analysis offers a more in-depth comprehension of 

the parameters that are associated with the existence of Toxoplasma-specific antibodies in the 

individuals who participated in the study. 

. 
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Table 1: Demographic Characteristics of Pregnant Women in Erbil City, 2023-2024 

The table above presents the demographic characteristics of 200 pregnant women in Erbil City 

for the years 2023-2024. The majority of the participants were aged between 18-27 years (42%) 

and resided in urban areas (83%). In terms of occupational status, 51% were employees, and 49% 

were housewives, with 52% having completed school education. Additionally, 85% of the women 

tested negative for IgG levels, while 50% tested positive for IgM levels, indicating recent 

Toxoplasma gondii infection. 

 

  

% F Characteristics n=200 Variables No. 

42 84 18-27  

 

Age (year) 

 

 

1. 
36 72 28-37 

21 42 38-47 

1.0 2 48 and above 

30.6 ± 7.77 𝐱̅  ∓ 𝐒𝐭𝐝. 𝐃𝐞𝐯. 
83 166 Urban Residency Types 3. 

17 34 Rural 

51 102 Employee Occupational Status 4. 

49 98 Housewife 

23 46 Illiterate  

Educational Status 

 

5. 26 52 School 

51 102 University 

23 46 Low  

Economic Status 

 

6. 75 150 Moderate 

2 4 High 

44 88 First trimester  

Gestation Period 

 

7. 39 78 Second trimester 

17 34 Third trimester 

42 84 Once  

Abortion Timing 

 

8. 33 66 Twice 

19 38 Three times 

6 12 More than four times 

42.5 85 Positive IgG Levels 9. 

57.5 115 Negative 

25 50 Positive IgM Levels 10. 

75 150 Negative 
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Table 4.2: Association between IgG Levels and Demographic Variables in Pregnant Women 

Tested for Toxoplasma gondii in Erbil City, with Statistical Analysis (χ² Test) 

Demographic 

Information 

Categories IgG  

N 

 

χ² test Positive Negative 

Age 18-27 32 (38.1%) 52 (61.9%) 84  

χ²=3.70 

P=0.295 

28-37 33 (45.8%) 39 (54.2%) 72 

38-47 18 (42.9%) 24 (57.1%) 42 

48 and above 2 (100.0%) 0 (0.0%) 2 

Gestation First trimester 52 (59.1%) 36 (40.9%) 88  

χ²=18.38 

p<0.001 
Second trimester 21 (26.9%) 57 (73.1%) 78 

Third trimester 12 (35.3%) 22 (64.7%) 34  

Abortion time Once 30 (35.7%) 64 (64.3%) 84  

χ²=16.81 

P=0.001 

Twice 22 (35.3%) 44 (66.7%) 66 

Three times 27 (71.1%) 11 (28.9%) 38 

More than four times 6 (50.0%) 6 (50.0%) 12 

Residency Urban 65 (39.2%) 101 (60.8%) 166 χ²=4.47 

P=0.04 Rural 20 (58.8%) 14 (41.2%) 34 

Occupation Employee 45 (44.1%) 57 (55.9%) 102 χ²=0.22 

P=0.64 Housewife 40 (40.8%) 58 (59.2%) 98 

Educational status Illiterate 20 (43.5%) 26 (56.5%) 46 χ²=0.47 

P=0.79 School 20 (38.5%) 32 (61.5%) 52 

University 45 (44.1%) 57 (55.9%) 102 

Economic status Low 26 (56.5%) 20 (43.5%) 46 χ²=11.20 

P=0.004 Moderate 55 (36.7%) 95 (63.3%) 150 

High 4 (100.0%) 0 (0.0%) 4 

The table shows that in the study of IgG levels in pregnant women tested for Toxoplasma gondii 

in Erbil City, significant relationships emerge with certain demographic variables. The gestation 

period shows a highly significant association (χ²=18.38, p<0.001), especially in the first trimester 

with 59.1% IgG positivity. Abortion history also presents a significant link (χ²=16.81, p=0.001), 

with the highest IgG positivity (71.1%) among women who have had three abortions. Economic 

status demonstrates a significant disparity as well (χ²=11.20, p=0.004), where women of low 

economic status exhibit higher IgG positivity (56.5%). 
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Table 4.3: Association between IgM Levels and Demographic Variables in Pregnant Women 

Tested for Toxoplasma gondii in Erbil City, with Statistical Analysis (χ² Test) 

Demographic 

Information 

Categories IgM  

N 

 

χ² test Positive Negative 

Age 18-27 21 (25.0%) 63 (75.0%) 84  

χ²=0.77 

P=0.86 

28-37 19 (26.4%) 53 (73.6%) 72 

38-47 10 (23.8%) 32 (76.2%) 42 

48 and above 0 (0.0%) 2 (100.0%) 2 

Gestation First trimester 42 (47.7%) 46 (52.3%) 88  

χ²=46.16 

P<0.001 
Second trimester 2 (2.6%) 76 (97.4%) 78 

Third trimester 6 (17.6%) 28 (82.4%) 34  

Abortion time Once 25 (29.8%) 59 (70.2%) 84  

χ²=3.2 

P=0.36 

Twice 17 (25.8%) 49 (74.2%) 66 

Three times 6 (15.8%) 32 (84.2%) 38 

More than four times 2 (16.7%) 10 (83.3%) 12 

Residency Urban 42 (25.3%) 124 (74.7%) 166 χ²=0.047 

P=0.83 Rural 8 (23.5%) 26 (76.5%) 34 

Occupation Employee 26 (25.5%) 76 (74.5%) 102 χ²=0.027 

P=0.87 Housewife 24 (24.5%) 74 (75.5%) 98 

Educational status Illiterate 13 (28.3%) 33 (71.7%) 46 χ²=0.68 

P=0.71 School 11 (21.2%) 41 (78.8%) 52 

University 26 (25.5%) 76 (74.5%) 102 

Economic status Low 11 (23.9%) 35 (76.1%) 46 χ²=1.37 

P=0.50 Moderate 37 (24.7%) 113 (75.3%) 150 

High 2 (50.0%) 2 (50.0%) 4 

The table shows the association between IgM levels and various demographic variables among 

pregnant women tested for Toxoplasma gondii in Erbil City, analyzed using the χ² test. The most 

significant finding is gestation period. The χ² test reveals a significant difference is observed in 

gestation periods (χ²=46.16, P<0.001), particularly in the first trimester, where IgM positivity is 

notably high at 47.7%. These results suggest that non-pregnant status and early stages of 

pregnancy are associated with a higher likelihood of recent Toxoplasma gondii infection. 

  



13 
 

Figure 1: Heatmap Illustrating the Association Between IgG and IgM Levels and Demographic 

Variables in Pregnant Women Tested for Toxoplasma gondii in Erbil City 

 

The heatmap illustrates the correlations between demographic variables and the levels of IgG and 

IgM antibodies in pregnant women tested for Toxoplasma gondii in Erbil City. Red squares 

denote positive correlations, and blue squares represent negative ones, with the intensity of the 

color corresponding to the strength of the correlation. Noteworthy are the robust positive 

correlation between gestation period and IgG levels and the pronounced negative correlation 

between obstetric history and IgM levels, as indicated by the deep red and blue squares. The 

heatmap also indicates varied degrees of correlation for factors such as age, abortion time, and 

economic status with both IgG and IgM levels, although these are less pronounced, suggesting 

weaker associations. Created with OriginPro  
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Table 4.4: Final Model of Multiple Linear Regression for Assessing the Association Between 

IgG Levels and Demographic Variables in Pregnant Women Tested for Toxoplasma gondii in 

Erbil City 

Variables Coefficient 

standardized 

(B) 

Coefficient 

Unstandardized 

(B) 

95% Confidence 

Interval 

 

P value 

Lower Upper 

Age -0.06 -0.00 -0.01 0.00 0.32 

Obstetric history -0.11 -0.14 -0.36 0.07 0.19 

Gestation 0.19 0.13 0.03 0.22 0.01 

Abortion time -0.32 -0.17 -0.25 -0.09 <0.001 

Residency -0.10 -0.13 -0.31 0.05 0.15 

Occupation -0.10 -0.09 -0.39 0.20 0.53 

Educational status -0.08 -0.05 -0.23 0.13 0.58 

Economic status 0.07 0.08 -0.06 0.22 0.27 

IgM 0.29 0.33 0.17 0.49 <0.001 

Note: IgG Level is the dependent variable 

The table presents a final model of multiple linear regression assessing the association between 

IgG levels and various demographic variables in pregnant women tested for Toxoplasma gondii 

in Erbil City. Key findings from this model include a significant positive association between 

gestation period and IgG levels (B = 0.19, p = 0.01), suggesting higher IgG positivity during 

certain stages of pregnancy. A highly significant negative correlation is observed with abortion 

time (B = -0.32, p < 0.001), indicating lower IgG levels among women with more abortion 

instances. Additionally, a strong positive correlation is present between IgM and IgG levels (B = 

0.29, p < 0.001), which highlights a notable relationship between the presence of these antibodies. 

Variables such as age, obstetric history, residency, occupation, educational status, and economic 

status do not exhibit statistically significant correlations with IgG levels in this regression model. 
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Table 4.5: Final Model of Multiple Linear Regression for Assessing the Association Between 

IgM Levels and Demographic Variables in Pregnant Women Tested for Toxoplasma gondii in 

Erbil City 

Variables Coefficient 

standardized 

(B) 

Coefficient 

Unstandardized 

(B) 

95% Confidence 

Interval 

 

P value 

Lower Upper 

Age 0.05 1.40 -1.70 4.42 0.42 

Gestation 0.17 -0.32 -0.50 -0.14 0.02 

Abortion time 0.01 0.10 0.02 0.19 0.87 

Residency -0.01 0.01 -0.07 0.08 0.88 

Occupation 0.03 -0.01 -0.17 0.14 0.83 

Educational status 0.06 0.03 -0.23 0.28 0.69 

Economic status -0.10 0.03 -0.12 0.19 0.12 

IgG 0.28 -0.10 -0.21 0.02 <0.001 

Note: IgM Level is the dependent variable 

The table presents a final model of multiple linear regression that assesses the association between 

IgM levels and demographic variables among pregnant women tested for Toxoplasma gondii in 

Erbil City. Notable in this model gestation period shows a significant association (B = 0.17, p = 

0.02), suggesting variations in IgM levels across different pregnancy stages. A strong positive 

correlation is observed with IgG levels (B = 0.28, p < 0.001), highlighting a notable relationship 

between IgG and IgM levels. Other variables, including age, abortion time, residency, occupation, 

educational status, and economic status, do not show statistically significant correlations with 

IgM levels in this regression analysis.  
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5. Discussions 

In the realm of healthcare in Erbil city, particularly concerning pregnant women, the diagnosis 

and management of infectious diseases stand as pivotal endeavors. In this study, we delved into 

the immunological diagnosis of Toxoplasma gondii infection, a parasitic pathogen with 

significant implications for maternal and fetal health. Our investigation searched to unravel the 

prevalence and repercussions of Toxoplasma gondii infection among pregnant women in Erbil 

city. To guide our inquiry, we posed the following questions: What proportion of pregnant women 

in Erbil city will be exposed to Toxoplasma gondii, as indicated by the presence of IgG and/or 

IgM antibodies? Do the levels of Toxoplasma gondii antibodies (IgG and IgM) in pregnant 

women vary significantly with different stages of pregnancy? Are infections with Toxoplasma 

gondii associated with adverse obstetric outcomes such as preterm birth, low birth weight, or 

complications during pregnancy? How do demographic factors such as age, residency, and 

socioeconomic status correlate with the seroprevalence of Toxoplasma gondii-specific antibodies 

in pregnant women? 

This study involved 200 pregnant women in Erbil City to evaluate the immunological diagnosis 

of Toxoplasma gondii, with an average age of 30.6 years (18-49 years), contrasting with Zemene 

et al.'s average of 23.64 years, highlighting demographic differences that may affect 

seroprevalence and immune response. The gestational periods were varied: 44% in the first 

trimester, 39% in the second, and 17% in the third, which aligns with Abdullah et al.'s (2017) 

findings but differs from Al-Harthi et al. (2006), who had more participants in the second 

trimester. The disparities in these areas may be attributed to a variety of factors, including 

socioeconomic position, access to healthcare, and cultural customs. Moreover, the history of 

abortion revealed that 42 percent of the participants had one abortion, 33 percent had two, 19 

percent had three, and 6 percent had more than four abortions. These results are in line with the 

findings of Hajsoleimani et al. in Iran, but they vary from the findings of Jenum et al. (1998) in 

Norway. This likely reflects differences in healthcare systems and reproductive health education.. 

The study also highlighted an urban-rural divide, with 83% of participants residing in urban areas 

compared to 17% in rural areas, similar to Malarvizhi et al.'s (2012) findings, suggesting 

variations in Toxoplasma exposure or healthcare access based on residency. 

The occupational status of participants was nearly evenly split, with 51% employees and 49% 

housewives, reflecting societal norms similar to Zemene et al.'s (2012) findings. Educationally, 

51% had university-level education, 26% school-level, and 23% were illiterate, showing a 

broader spectrum compared to Malarvizhi et al.'s (2012) finding of 52% illiteracy, and paralleling 
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Hajsoleimani et al.'s (2012) report of 54% higher education among Toxoplasma-positive women. 

Economically, 75% were in the moderate category, 23% low, and 2% high, contrasting with 

Mohaghegh et al.'s (2015) cohort, which had 67.2% in the high economic tier, indicating 

economic disparities. IgG testing revealed 42.5% positive for antibodies, indicating past 

Toxoplasma gondii exposure, higher than Abdullah et al.'s (2017) 34.98% but lower than 

Hajsoleimani et al.'s (2022) 51.3%, while 57.5% tested negative, aligning with Mohaghegh et 

al.'s (2015) findings. These IgG profiles underscore varying infection histories and immune 

responses, consistent with heterogeneous patterns in other seroprevalence studies (Abrams and 

Miller, 2011, Radoi et al., 2023). 

The results also showed significant correlations between IgG levels among women tested for 

Toxoplasma gondii in Erbil City and various demographic variables. Notable differences were 

seen in gestation period which displayed a highly significant association, particularly 59.1% IgG 

positivity in the first trimester (χ²=18.38, p<0.001), contrasting Hajsoleimani et al.'s (2012) 

higher third trimester rates. Abortion history further revealed a link, with highest IgG positivity 

(71.1%) among women with three abortions (χ²=16.81, p=0.001), consistent with Malarvizhi et 

al.'s (2012) observation of increased Toxoplasma exposure with higher abortion counts. 

Economic status also showed disparity, with 56.5% IgG positivity in low economic groups 

(χ²=11.20, p=0.004), Similar to the findings of Frimpong et al. (2017) in Zambia, which showed 

a higher seroprevalence among low socioeconomic populations, this could be attributed to 

environmental or behavioral risk factors. 

Furthermore, the findings demonstrated a different distribution of IgM levels among the females 

who were examined for Toxoplasma gondii in the city of Erbil in Iraq. One quarter of the 

participants, which included fifty women and accounted for twenty-five percent of the total, 

tested positive for IgM antibodies, which indicates a recent or acute infection with the parasite. 

This IgM positive rate is greater than the 15.6% that Al-Harthi et al. (2006) identified among 

women in Saudi Arabia, but it is lower than the 24% that Abdullah et al. (2017) discovered in 

their research of Iraqi women. However, the bulk of the participants, which consisted of seventy-

five percent or one hundred fifty women, tested negative for IgM antibodies. This was an 

indication that either there was no recent infection or the virus was in a dormant state. According 

to Mohaghegh et al. (2015), 74.9% of pregnant women in Iran tested negative for IgM. This 

negative IgM percentage is in close agreement with the results of the aforementioned researchers. 

The varied IgM profiles that were detected in this investigation highlight the distinct phases of 

Toxoplasma infection that were present within the sample population. These findings are in line 
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with the heterogeneous patterns that were reported across different areas and cohorts in prior 

seroprevalence studies (Machado et al., 2014, Paraboni et al., 2022). 

An investigation of the prevalence of Toxoplasma gondii infection among females in Erbil City 

revealed a significant correlation between the levels of immunoglobulin M (IgM) and a number 

of demographic factors. A particularly noteworthy observation was that 47.7% of the IgM was 

positive during the first trimester of pregnancy, as shown by the χ² test, which indicated 

substantial variations in gestation durations (χ²=46.16, P<0.001). This is in contrast to the findings 

of Hajsoleimani et al. (2012), who reported that Iran had higher rates during the third trimester. 

These findings indicate that there is a greater possibility of recent Toxoplasma gondii infection 

in the early stages of pregnancy. This finding is in line with the findings of Rostami et al. (2019), 

who found that the acute infection rates were higher in the later stages of pregnancy. This could 

be due to differences in immune response or exposure risk factors between pregnant and non-

pregnant states. 

Moreover, multiple linear regression model showed significant associations between IgG levels 

and various demographic variables among women tested for Toxoplasma gondii in Erbil City. A 

positive association was found between gestation period and IgG levels (B = 0.19, p = 0.01), 

suggesting higher IgG positivity during certain pregnancy stages. This contrasts with 

Hajsoleimani et al.'s (2012) findings of no significant gestational age differences. However, it 

aligns with Zemene et al.'s (2012) observation of increasing IgG levels across. A negative 

correlation with abortion time (B = -0.32, p < 0.001) indicated lower IgG in women with more 

abortions, consistent with Stricker et al.'s (2000) findings linking higher abortion counts to 

reduced IgG. The strong positive IgM-IgG correlation (B = 0.29, p < 0.001) matches expected 

patterns, as seen in Mohaghegh et al. (2015). However, age, obstetric history, residency, 

occupation, education, and economic status showed no significant IgG correlations, contrasting 

some earlier studies (Aljumaili et al., 2013, Aljumaili et al., 2014) which identified 

sociodemographic risk factors. This could be due to regional variations or the specific sample 

characteristics. 

The multiple linear regression model provided valuable insights, revealing a significant 

association between gestation period and IgM levels (B = 0.17, p = 0.02), with variations across 

different pregnancy stages. This aligns with Hajsoleimani et al.'s (2012) findings of the highest 

IgM levels in the third trimester. Additionally, a strong positive correlation between IgM and IgG 

(B = 0.28, p < 0.001) corroborates the results of Mohaghegh et al. (2020). However, variables 

such as age, abortion timing, residency, occupation, education, and economic status did not show 
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significant correlations with IgM, contrasting with studies by Vueba et al. (2020) and Sahimin et 

al. (2017) that linked sociodemographic factors to an increased risk of acute Toxoplasma 

infection. These discrepancies might be due to regional variations or specific characteristics of 

the sample population. Overall, our findings validate our initial hypothesis, demonstrating 

significant relationships between specific demographic factors and Toxoplasma gondii antibodies 

in pregnant women. 

 

5.1. Conclusion  

       The study highlighted a significant relationship between gestation period and Toxoplasma 

gondii seroprevalence in pregnant women in Erbil, underscoring the need for stage-specific 

screening in prenatal care. To mitigate the risks associated with toxoplasmosis, policymakers 

should prioritize the development of public health guidelines that mandate such screenings and 

bolster educational initiatives on toxoplasmosis prevention and management. Additionally, 

allocating resources for research on the long-term effects of Toxoplasma infection during 

pregnancy would further inform policy and enhance maternal-child health protocols.  

 

5.3. Recommendations 

       Based on the significant correlations found between IgG/IgM levels and various 

demographic factors in pregnant women tested for Toxoplasma gondii in Erbil City, the following 

recommendations are proposed: 

• Health care providers in Erbil should integrate routine Toxoplasma gondii screening 

into prenatal care, especially focusing on high-risk groups identified by the study, 

such as women in their first trimester and those with specific obstetric histories. 

• Public health initiatives should aim to increase awareness about Toxoplasma gondii, 

especially targeting pregnant women and those planning pregnancies. These 

initiatives could include educational campaigns on prevention methods, the 

importance of screening, and potential health implications for the fetus. 

• Policy makers should consider funding further research on Toxoplasma gondii, 

particularly focusing on long-term impacts of infection during pregnancy and the 

effectiveness of different screening and treatment methods. This would aid in 

developing more refined public health strategies and clinical guidelines for 

managing toxoplasmosis in pregnant women. 
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Appendix 1: Questionnaire Form 

 

Case No. 

Name:                                                                  Date:                                                                                                                                                                                                                                          

Address:                                                           Phone No: 

Age: 

(18-27)Years…(28-37) Years……. (38-47)Years…......(48≥) Years…… 

Gestation: 

First trimester …………………Second trimester …………third trimester   

Abortion Time: 

One time…………Two times……………. three times…………. ≥ 4 

times………..   

Residency:  

Urban…......................................Rural…………………………………... 

Occupation: 

Employee….....................................Housewife……………………………… 

Educational status: 

Illiterate…..................school………………………………University……… 

Economic status: 

High…........................Moderate…..........................Low……………… 

IgG 

Positive….....................................Negative…………………………… 

IgM 

Positive….....................................Negative…………………………… 
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 پوخته 

 انيدووگ   یژنان  ۆب  رچاوهب  یندروستهت  یترسهم  ،هيیناو خان  یک ێرۆخهمش  ،یندۆ گ  پلازماۆکسۆت  :پاشخان و ئامانجەکان  

 هب  کانييههانيج  ييهرهگ يکار  کداێکات  ه. ل هلهرپۆک  یکانەتوند  ييهزڵۆو ئا  یزگماک  ەیوهگواستن  یرهگهئ  ۆیههب  کاتەدروست د

  ر، ێولهه  ی شار  هل  انيدووگ  یژنان  وانێن  هل   یرگرهب  ەیوهمدانەڵاو  رهسهل  یتهبيتاهب  ،ۆيیناوخ  یداتا  مهڵاب  دارن،هگ هڵب  یباش

  ه ل  یندۆ گ  پلازماۆ توکس  ۆب  ی رگرهب  ەیوهمدانەڵاو و  ەوهوبوونڵاب  هبوو ل  ەوهنۆڵي ک ێل  یئامانج  ەيهوهنيژێتو  مه. ئمنهک  شتاێه

 .رێولهه یشار هل انيدووگ  یتانەئافر
  ش ێپ   یکانهک ي نيکل  هیگ ڕێ  هل   هک  نجامدرا،هئ  رێولهه  یشار  هل  انيدووگ  یژن  ٢٠٠  رهسهل  ڕەيیب ڕب  یکەيهوهنيژێو  شێوازەکان :

  ی اريزان  ريگشتگ  یکهيهارناميو پرس   ،ەوهکرانۆک   کانييهرگرهب  ەوهکردنيتاق   ۆب   نێخو   هی. نمونردرابوونێبژهڵه  ەوهکبوونيداهل

 یڵاکاهرمهداتاکان ن  یکاري. شنجامدراهئ  ELISA  یتهبيتا  ی تي ک  ینانێکارههب  هب  یژۆلۆريس  یکاري . شەوەکردۆ ک  یگرافۆميد

SPSS  یکانييهند ەوهيپ  یني پشکن  ۆب  ناێکارههب  ەيیفر  ێڵیه  هیکشهو پاش  نۆرسيپ  یندەوهيپ  ەیژڕێ  هک  نا،ێکارههب  ی٢٦  یشانەو  

 .کانييهگرافۆميد ەکارۆو ه نهتەدژ یتووشبوون، بوون یئاست وانێن
 ەیە ئاماژ شەمەئ ، ەبوو یڤت ەزۆپ انی IgG ینەتەدژ  ینی% پشکن 42.5 دا،ە کەشداربووەب 200 وانێن ەل ئەنجامەکان:

  م ەتووشبوون ب  ۆب   ەیەئاماژ  شەمەئ  ،ەبوو   یڤ تە زۆپ  انی IgM  ی نەتەدژ  ینی% پشکن25و    ابردوو، ڕ  ی وتنەرک ەب  ۆب
  ی مانگ  ێس  ەڵگەل  ، ەویەزرا ۆد   دایانیدووگ  یکانەناغۆو ق  کانەنەتەدژ  یئاست  وانێن  ەل  رچاوە ب  یکییە ندەو ەی. پییەدوا
  ی کییەند ەوەی(. پβ = 0.24  ،p < 0.01دا )   شانی% ن59.1  ەل  IgG  یڤیتە زۆپ   یاتریز  ەیو ەوبوونڵ ب  ەک  مداەکیە
  ی کییەندەو ەیپ  کانییەگرافۆم ید  ەکارۆ(. هβ = 0.29  ،p < 0.001)  نرایب  IgGو    IgM  یئاست  وانێن  ەل  زێهەب  ینێرەئ
 β = 0.19  ،p) بوو ەه ی رچاوە ب ینێرەئ ی کییەند ەوەیپ یانیدووگ  ەیدا؛ ماو شانین IgG یئاست ەڵگەل انیرچاوەب

 .( β = -0.32  ،p < 0.001) بوو ەه ینێر ەن یکییەندەوەی پ  باربردنەل  یژووێم کداێکات ە(، ل0.01 =
  ەیو ەوبوونڵو ب  یانیدووگ  ەیماو  وانێن  ەل  رچاوەب  یکییە ندەو ەیپ  رەس  ەتۆخست  یشکی ت   ەکەوەنیژێتو  دەرەنجامەکان: 

  یندروستەت  یکانییەنماڕێ  ەستیوێپ  تەاسیس  یرانە ژڕێدا ،ۆیە. ب رێولەه  ەل  انیدووگ   یتانەئافر  ەل  یندۆگ  پلازماۆریس
  پاراستنۆخ  ەب  تەبارەس  کانەییەردەروەپ  ییەرەشخێستپە و د  نێدابن  داەنیشێپ  ەل  ەنکردنانیسکر   ەر ۆج  مەئ  ۆب  یگشت
  ە وەنۆڵیک ێل  ۆب  تێبکر  رخانەت  کانەرچاوەس  ەستیوێپ  ،ە وەئ  یاەڕرە. سنەبک  زێهەب  پلازماۆ کسۆت   یبردنە وەڕێو ب

ب  یکانەنیەژخاێدر   ییەرەگی کار  رەسەل   ەی وەرزکردنەب  ۆ ب  دایانی دووگ  یکات  ە ل  پلازماۆکسۆ ت  ەتووشبوون 
 . ڵو مندا کیدا  یندروستەت یکانۆڵەکۆت ۆپر
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   هەولێر شاری لە دووگیان  ژنانی نێوان لە  گۆندی تۆکسۆپلازما بەرگری دەستنیشانکردنی

  نێودەوڵەتی زانکۆی پزیشکی، شیکاری فاکەڵتی ئەنجومەنی بە ەكراو پێشکەشنامەیەکە  

  شیکاری لە بەکالۆریۆس   بڕوانامەی  مەرجەکانی بەشەکی  جێبەجێکردنی لە  تیشیک

 پزیشکی

 لەلایەن 

ابر ص فاریق ماردین  

عەزیز  فەهد پەیمان  

مەغدید  قی فار داهێن  

دیح یلع ئیلاف  

 

 سەرپەرشتیار 

 

مەولوود  وێزەح مدادیه.د یاریدەدەر پڕۆفیسۆری       
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