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Abstract: Toxoplasma gondii is an obligate intracellular parasite infects a wide range of warm-

blooded animals as well as humans causing typically asymptomatic infection with severe life-

threatening complications in patients. Serological and molecular surveying of human toxoplasmosis 

in asymptomatic pregnant women, sequencing and phylogenetic analysis of study T. gondii isolates 

and identification the associations of MTHFR-C677T gene polymorphism to positive infections. 

Overall 190 asymptomatic pregnant women admitted to the private gynecological clinics in Wasit 

province (Iraq) during March-April (2025) were selected randomly, and subjected to direct 

collection of venous blood that examined serologically by qualitative ELISA and molecularly using 

the conventional PCR. Phylogenetic analysis was done throughout the MEGA-11 Software; 

whereas, the quantitative and qualitative molecular analyses were served for MTHFR-C677T C>T 

rs1801133 genotyping. Seroprevalence of T. gondii infection in asymptomatic women was 37.89% 

with significant incidence of mild infection compared to moderate and severe infections. Molecular 

PCR demonstrated that 11.05% of study women have a positive reactivity to human toxoplasmosis. 

Phylogenetically, 17 of 21 study isolates were having a marked identity to local isolate obtained 

from cats; while, 4 of 21 study isolates were identical for another local isolate obtained from birds. 

For MTHFR-C677T gene polymorphism, Hardy Weinberg equilibrium demonstrated that the 

frequency of dominant wild type homozygous CC and mutant homozygous TT was increased 

significantly in infected women more than expected. However, genotypic frequency of mutant 

homozygous TT and heterozygous CT was higher in infected women than non-infected women; 

whereas for allele frequency, the mutant T allele was higher in infected than non-infected women. 

This study indicates serologically a marked high seroprevalence of anti-T. gondii IgG antibodies, 

particularly mild phase; and molecularly, an existence of mutant acute human toxoplasmosis. 

Phylogenetically, the study isolates have a significant identity to another Iraqi isolates identified in 

cat and bird suggesting the role of these hosts in transmission of infection and the isolate might 

circulate between different hosts including human. Genetic and allele frequencies of MTHFR-C766T 

gene demonstrate a significant trend to T. gondii infection. 

Keywords: Toxoplasmosis, Intracellular Parasite, Sequence, Methylenetetrahydrofolate Reductase 

C677T 

1. Introduction 

Toxoplasma gondii is an obligate, single-celled, eukaryotic coccidian parasite which 

classified as one type in the genus, Toxoplasma under the family of Sarcocystidae that 
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belongs to Apicomplexa phylum (Razooqi et al., 2022). In 1908, T. gondii was described 

initially by Nicolle and Manceaux in the North African rodent (Ctenodactylus gundi) at the 

Pasteur Institute in Tunisia and independently by Splendore in rabbit in Brazil (Atif et al., 

2024). The parasite appears potentially capable of infecting a majority of nucleated cells in 

warm-blooded animals causing a disease known as toxoplasmosis that infected 

approximately two billion individuals worldwide, with a higher seroprevalence pattern in 

several tropical and subtropical areas (Adem and Ame, 2023; Lozano et al., 2024). The 

widespread distribution of T. godnii is largely attributed to its complex lifecycle that 

involves both sexual reproduction within the feline definitive hosts and asexual 

proliferation in intermediate host, highlighting its remarkable adaptability and survival 

strategies across diverse ecological niches (Dixit et al., 2024; Ramírez-Flores and 

Mondragón-Flores, 2025). This unique intracellular lifestyle necessitate finely tuned 

balance of host manipulation and metabolic reprogramming, enabling the parasite to 

evade host immune responses and sustain its prolific replication (Hakimi, 2022). Crucial 

to these processes in the intricate signaling network within the parasite, particularly the 

triumvirate of cyclic GMP (cGMP), calcium, and phosphatidic acid which orchestrate 

microneme exocytosis, a pivotal event for invasion and egress (Bullen et al., 2019). This 

sophisticated regulatory system, involving phosphodiestrases and cyclic nucleotide 

signaling which modulates parasitic motility and host cell invasion (Ye et al., 2022).        

MTHFR-C677T polymorphism, a common genetic variant, has garnered a significant 

attention due to its potential influence on host susceptibility and disease progressions in 

various infectious diseases including those caused by parasitic pathogens (Araszkiewicz 

et al., 2025). This single nucleotide polymorphism in the MTHFR gene affects folate 

metabolism, which is fundamental for DNA synthesis and methylation, thereby 

potentially modulating immune responses and parasite replication within the host (Li et 

al., 2025). The C677T polymorphism, specifically, leads to a thermolabile variant of the 

MTHFR reductase enzyme, resulting in reduced enzymatic activity and altered folate 

metabolism (Hiraoka and Kagawa, 2017). This reduction in activity can lead to elevated 

homocysteine levels and reduced folate levels, which have been implicated in various 

pathological conditions (Kim et al., 2018).  

 Toxoplasma gondii represents one of the parasitic pathogens, which relies heavily on 

host folate metabolism for its survival and proliferation within infected cells (Sanchez and 

Besteiro, 2021). Consequently, variations in the MTHFR gene, such as C677T 

polymorphism, could theoretically impact the availability of main metabolites for T. gondii 

growth, thereby influencing infection dynamics and clinical outcomes (Berrett, 2018; 

Maltsev and Hurzhii, 2022).         

In Iraq, several molecular studies have been conducted to detect the prevalence rate 

of human toxoplasmosis in aborted women (Al-Hadraawy and Hadi, 2017; Darweesh et 

al., 2018), spontaneously-aborted or suffering from reproductive disorders (Al-Sray et al., 

2019), and pregnant women (Farhan et al., 2024). Hence, the present study aims to 

molecular surveying of human toxoplasmosis in asymptomatic individuals in Wasit 

province (Iraq), sequencing of study T. gondii isolates with phylogenetic analysis to 

indicate their close-relationship with the global isolates/strains, and estimation the 

associations of infection to MTHFR-C677T gene polymorphism. 

2. Materials and Methods 

Ethical approval 

This study was licensed by the Scientific Committee in the College of Medicine 

(University of Wasit).  

Samples 

Overall 190 asymptomatic pregnant women admitted to the private gynecological 

clinics in Wasit province (Iraq) during March-April (2025) were selected randomly to the 
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present study. Each woman was subjected to direct collection 5ml of venous blood that 

divided equally into labeled an EDTA-anticoagulant plastic tube and free-anticoagulant 

glass-gel tube. At laboratory, the glass-gel tubes were centrifuged, and the obtained sera 

were kept into 1.5ml plastic Eppendorf tubes. Samples of whole blood and sera were kept 

frozen (-20°C) until be tested. 

Serology 

Qualitative enzyme-linked immunosorbent assay (ELISA) was applied to detect anti-

T. gondii IgG antibodies in study population. Following the manufacturer instructions 

(SunLong Biotech Company, China), the kits’ contents of Toxo-IgG ELISA Kit (Cat. No: 

SL2054Hu) and serum samples were prepared, processed, and the ODs were measured at 

an absorbance of 450nm by the ELISA reader. Finally, effectiveness of positive and 

negative controls was determined at 1.508 and 0.0705, respectively; while critical value (cut 

off) was determined at 0.2205. The positive samples were identified at ≥ cut off.         

Molecular testing 

Conventional PCR 

The manufacturer's instructions for the gSYNCTM DNA extraction kit (Genaid, 

Taiwan) were followed to extract DNA from the EDTA-blood samples. To preparation the 

MasterMix tubes at a final volume of 25 µL, one set of primers (Table 1) in addition to 

GoTaq® Green Master Mix Kit (Promega, USA) were utilized. Then, the MasterMix tubes 

were transferred to the Thermal Cycler system, subjected to modified conditions (Table 2), 

and subjected to electrophoresis in agarose-gel (1.5%) stained with Ethidium bromide at 

100 V and 80 Am for 90 minutes. The positive samples were visualized under the UV 

illumination at a product size of 599 bp.  

Quantitative and qualitative analyses of MTHFR-C677T gene polymorphism 

Tetra-primer ARMS-PCR method was applied to analysis MTHFR-C677T gene 

polymorphism in positively and negatively infected individuals. Quantitatively, Real-

Time PCR was done as described by Saxena et al. (2020). Briefly, the MasterMix tubes were 

prepared using two sets of primers (Table 1) at a final volume of 20 µL and transferred to 

the Miniopticon Real-Time PCR (Bio-Rad, USA) for DNA amplification under the 

modified condictions (Table 2). Further, the MasterMix tubes were transferred to the 

Thermal Cycler system and subjected to electrophoresis in agarose-gel (1.5%) stained with 

Ethidium bromide at 100 V and 80 Am for 90 minutes, and PCR products were visualized 

under the UV illumination.  

 

Table 1. Primers utilized for identification T. gondii and MTHFR-C677T gene. 

Tool Primer 
Product 

size 
Reference 

Conventional 

PCR 

F:5ʹ-GTGCACCTGAGCTTGTCTCT-3ʹ 599 bp 

 

This study 

(ID: AF158095.1) R:5ʹ-GGACGAATCCCGAACCTTGT-3ʹ 

Gene 

polymorphism 

MTHFR677 F1-C:5ʹ-AGGAGAAGGTGT 

CTGCGGGCGT-3ʹ 
101 bp 

 

Mir et al. (2022) 

MTHFR677 R1-T:5ʹ-AAGAAAAGCTGC 

GTGATGATGAAATAGG -3ʹ 
177 bp 

MTHFR677FO:5ʹ-AAGCATATCAGTCA 

TGAGCCCAGCC-3ʹ 
224 bp 

MTHFR677RO:5ʹ-GGGAAGAACTCAG 

CGAACTCAGCAC-3ʹ 
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Table 2. PCR thermal cycler conditions for conventional and MTHFR-C677T C>T 

rs1801133 genotyping. 

Tool Step Temperature / Time Cycle No. 

Qualitative PCR 

 

Initial denaturation 95°C / 5 min. 1 

Denaturation 95°C / 30 sec. 

35 Annealing 62°C / 30 sec. 

Extension 72°C / 30 sec. 

Final extension 72°C / 5 min. 1 

Quantitative PCR 

Initial denaturation 95°C / 5 min. 1 

Denaturation 95°C / 20 sec. 

40 Annealing / Extension 
60°C / 30 sec. 

Detection 

 

Phylogenetic analysis 

All positive DNA samples for T. gondii infection were sequenced, and the received 

data were submitted in NCBI-GenBank database and subjected to multiple sequence 

alignment (MSA) by the MEGA-11 Software and NCBI-Viewer, as well as to the 

phylogenetic tree analysis and homology sequence identity by the MEGA-11 Software to 

indicate the close-relationship between the local and global T. gondii isolates / strains.     

Statistical analysis 

The t-test and One-Way ANOVA in the GraphPad Prism Software were applied in 

this study to calculate significant differences between the obtained values at p<0.05 (Al-

Graibawi et al., 2021). Hardy Weinberg equation was followed to calculate the distribution 

of CC, CT and TT in MTHFR-C677T genotypes. 

3. Results 

The The findings of qualitative ELISA detected that 37.89% (72/190) women were 

seropositive to anti-T.gondii-IgG antibodies, while 62.11% (118/190) of study women were 

seronegative to human toxoplasmosis (Figure 1). The seropositive samples were 

additionally identified the significant increases (p<0.0327; 95%CI: 35.59 to 102.3) in mild 

infection [63.89% (46/72)] when compared with those of moderate [26.39% (19/72)] and 

severe [9.72% (7/72)] infections (Figure 2). Also, values (mean ± standard error) of positive 

ODs were distributed respectively as 0.268 ± 0.006, 0.389 ± 0.007, and 0.529 ± 0.014 for mild, 

moderate, severe infections (p<0.0141; 95%CI: 0.0709 to 0.7198), (Figure 3).  

 

Figure 1. Total seropositive women to anti-T.gondii-IgG antibodies using ELISA. 
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Figure 2. Seroprevalence of positives according to severity of infection. 

 

Figure 3. Distribution of seropositive ODs according to severity of infection. 

 

Molecularly, 11.05% (21/190) of study women were shown a positive reactivity to 

human toxoplasmosis using the conventional PCR assay; whereas, [88.95% (169/190)] of 

them were being negatives (Figures 4, 5).  

 

Figure 4. Total molecular results for positive women to T.gondii using PCR. 
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Figure 5. Electrophoresis of PCR products in agarose-gel. Line (M): Ladder marker 

(100-1500 bp); Lanes (1, 2, 7, 10, 11, 13, 16, 17, and 18): Negative samples; Lanes (3, 4, 5, 6, 

8, 9, 12, 14, 15, and 19): Positive samples at a product size of approximately 599 bp. 

 

Phylogenetically, sequencing analysis of all positive study T. gondii isolates with the 

NCBI-BLAST T. gondii isolates / strains reported that 17 of these isolates were having a 

marked identity to the Iraqi T. gondii isolate (GenBank ID: LC749846.1); while, four of study 

T. gondii isolates were identical to another Iraqi T. gondii isolate (GenBank ID: MH636821.1) 

at a level of similarity (*) ranged 99.55-99.97%, and a range of mutation/changes at 0.001-

0.050% (Table 3, Figures 6, 7). 

 

Table 3. Homology sequence identity (%) of study and global NCBI-GenBank 

T.gondii isolates. 

Local isolate NCBI-BLAST isolate Identity 

(%) Name Access. No. Isolate Source Country Access. No. 

Iraq-Hasbraa 1 PV931630.1 RK1 Cat Iraq LC749846.1 99.82 

Iraq-Hasbraa 2 PV931631.1 IQ-TB1 Bird Iraq MH636821.1 99.85 

Iraq-Hasbraa 3 PV931632.1 RK1 Cat Iraq LC749846.1 99.82 

Iraq-Hasbraa 4 PV931633.1 RK1 Cat Iraq LC749846.1 99.82 

Iraq-Hasbraa 5 PV931634.1 RK1 Cat Iraq LC749846.1 99.90 

Iraq-Hasbraa 6 PV931635.1 RK1 Cat Iraq LC749846.1 99.97 

Iraq-Hasbraa 7 PV931636.1 RK1 Cat Iraq LC749846.1 99.82 

Iraq-Hasbraa 8 PV931637.1 RK1 Cat Iraq LC749846.1 99.88 

Iraq-Hasbraa 9 PV931638.1 IQ-TB1 Bird Iraq MH636821.1 99.90 

Iraq-Hasbraa 10 PV931639.1 RK1 Cat Iraq LC749846.1 99.95 

Iraq-Hasbraa 11 PV931640.1 RK1 Cat Iraq LC749846.1 99.11 

Iraq-Hasbraa 12 PV931641.1 IQ-TB1 Bird Iraq MH636821.1 99.88 

Iraq-Hasbraa 13 PV931642.1 RK1 Cat Iraq LC749846.1 99.97 

Iraq-Hasbraa 14 PV931643.1 RK1 Cat Iraq LC749846.1 99.86 

Iraq-Hasbraa 15 PV931644.1 IQ-TB1 Bird Iraq MH636821.1 99.86 

Iraq-Hasbraa 16 PV931645.1 RK1 Cat Iraq LC749846.1 99.82 

Iraq-Hasbraa 17 PV931646.1 RK1 Cat Iraq LC749846.1 99.86 

Iraq-Hasbraa 18 PV931647.1 RK1 Cat Iraq LC749846.1 99.92 
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Iraq-Hasbraa 19 PV931648.1 RK1 Cat Iraq LC749846.1 99 

Iraq-Hasbraa 20 PV931649.1 RK1 Cat Iraq LC749846.1 99.56 

Iraq-Hasbraa 21 PV931650.1 RK1 Cat Iraq LC749846.1 99.55 

 

 

 

Figure 6. MSA for study and global NCBI-GenBank T.gondii isolates. 
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Figure 7. Phylogenetic tree analysis of the current study and global NCBI-GenBank 

T.gondii isolates. 

 

For MTHFR-C677T gene polymorphism, Hardy Weinberg equilibrium demonstrate 

significant variation among the observed and expected genotypes (Table 4). In infected 

individuals, frequency of dominant wild type homozygous CC and mutant homozygous 

TT was increased significantly (p<0.0242; 95%CI: 40.88 to 117.1; and p<0.0314; 95%CI: 37.97 

to 50.97, respectively) more than expected; whereas, the frequency of mutant heterozygous 

CT was reduced significantly (p<0.0268; 95%CI: 68.09 to 97.09) in study population. 

 

Table 4. MTHFR-C677T C>T rs1801133 genotyping by Hardy Weinberg equilibrium. 

Genotype Observed Expected p-value 95%CI 

CC 82 (82%) * 76 (76%) 0.0242 40.88 to 117.1 

CT 8 (8%) 21 (21%) * 0.0268 68.09 to 97.09 

TT 10 (10%) * 3 (3%) 0.0314 37.97 to 50.97 
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However, the results of genotypic frequency revealed a significant higher frequency 

of mutant homozygous TT (p<0.0414; 95%CI: 54.18 to 90.42) and heterozygous CT 

(p<0.0341; 95%CI: 34.47 to 64.76) in infected women (23.81% and 19.05%, respectively) 

compared to non-infected women (12.43% and 11.24%, respectively) in contrast to that 

recorded in the dominant homozygous CC (p<0.011; 95%CI: 55.18 to 188.7)  shown a 

significant decreasing in infected women (57.14%) compared to non-infected one (76.33%), 

(Table 5).  

 

Table 5. Frequency of MTHFR-C677T genotypes and alleles among study 

population. 

MTHFR-C677T Infected Non-infected p-value 95%CI 

TT 5 (23.81%) * 21 (12.43%) 0.0414 54.18 to 90.42 

CT 4 (19.05%) * 19 (11.24%) 0.0341 34.47 to 64.76 

CC 12 (57.14%) 129 (76.33%) * 0.011 55.18 to 188.7 

 

For allele frequency, the mutant T allele was higher significantly (p<0.0152; 95%CI: 

192.1 to 247.9) in infected (45.24%) than non-infected (10.61%) women; while, the wild type 

C allele was reduced significantly (p<0.0351; 95%CI: 147.9 to 292.1) in infected (54.76%) 

more than non-infected (89.39%) women (Table 6). 

 

Table 6. Frequency of MTHFR-C677T alleles among study population. 

MTHFR-C677T Infected Non-infected p-value 95%CI 

T 19 (45.24%) 38 (10.61%) 0.0152 192.1 to 247.9 

C 23 (54.76%) 320 (89.39%) 0.0351 147.9 to 292.1 

 

4. Discussion 

This study showed that the seroprevalence of human toxoplasmosis was 37.89% with 

a significant prevalence of mild infection when compared with the moderate and severe 

infections. In comparison with the findings of other Iraqi studies, there was 39% in 

Baghdad province by ELISA (Naizi et al., 1990), 29.41% in Duhok province by ELISA 

(Razzak et al., 2005), 5% in Wasit province by ELISA (Al-Saidi, 2009), 94% in Baghdad 

province by ELISA (AL Mossa, 2009), 43.33% in Baghdad province by ELISA (Mahmood 

et al., 2010), 35.1% by latex agglutination test and 77.78% by ELISA (Al-Hindawi and Al-

Shanawi, 2015), 48% in Qadisiyah province by ELISA (Hadi et al., 2016), 47.73% in Erbil 

city by ELISA (Abdullah and Mahmood, 2017), 81% in Baghdad by ELISA (Rahi and Al-

Rodaynee, 2017), 80% in Samarra city by ELISA (Al-Ammash et al., 2018), 44% in Diyala 

by ELISA (Darweesh et al., 2018), 17.8% in Wasit province by ELISA (Al-Sray et al., 2019), 

28.46% in Duhok (Mikaeel and Al-Saeed, 2019), 42.6% by LAT and 26.6% by ELISA in 

Babylon province (Mohammed and Al-Janabi, 2019), 23.81% in Najaf by ELISA (Al-Tufaili 

and Amer, 2020), 52.3% in Maysan province by ELISA (Mijbel and Alsaady, 2023), and 

41.14% in Duhok by ELISA (Mustafa et al., 2024). Globally, there was 1.4% using ELISA in 

KSA (Mohajab et al., 2020), 24.7% in Jordan (Abo-Shehada et al., 2021), 47.4% by ELISA in 

Turkey (Halici-Ozturk et al., 2021), 41.2% by ELISA in India (Deka et al., 2022), 3.6% by 

ELISA in China (Gao et al., 2024), and 25.3-62.2% in Iran by ELISA (Maisarah et al., 2024; 

Asfaram et al., 2025; Bahador et al., 2025). However, this variation in seroprevalence of 

human toxoplasmosis might be attributed to several factors such as specific region or 

population being studied, time frame, as well as sensitivity and specificity of the diagnostic 

test kit.  
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Our molecular results identified that 11.05% of study women were having positive 

reactivity to human toxoplasmosis. These findings were similar with that detected by 

Darweesh et al. (2018) who revealed that the total molecular positive result of T. gondii was 

10.7%. In Wasit province, Al-Sray et al. (2019) demonstrated that 7.06% were positive by 

PCR targeting B1 gene. Mikaeel and Al-Saeed (2019) reported that 8.33% of study samples 

were shown positive amplification by PCR assay targeting B1 gene. In Maysan province, 

molecular testing of 40 women that 10% were positives (Allamy and Alsaady, 2023). In 

Libya, Gashout et al. (2016) collected blood samples from the healthy 364 pregnant women 

to be tested by the RT-PCR that demonstrated 11.81% positive samples. In contrast to 

findings of this study, molecular testing a total of 350 clinical suspected women in Al-Najaf 

province by PCR targeting three genes (B1, 18S rRNA, and B30) detected respectively that 

toxoplasmosis was found in 20.28%, 18.85% and 17.71% at a rate of sensitivity 98.61%, 

91.66%, and 87.32% (Al-Hadraawy and Hadi, 2017).  In Thi-Qar province, molecular 

testing of aborted women showed that 40.83% of samples were positive by PCR (Ali et al., 

2019). Of the 137 samples tested in KSA, the B1 gene could be amplified in 41% by PCR 

(Bin Dajem and Almushait, 2012). The study of Elamin et al. (2012) demonstrates the use 

of two groups of women in Sudan using some molecular methods of detection of the DNA 

of the organism in the form of the B1 gene indicating the value of 19.1% of the study group 

and 22.3% of the control group. Results of PCR on the sample set of 34 women who aborted 

their pregnancy in Egypt and 48 asymptomatic occupational staff indicated that 26.5%, 

35.4%, and 19.7% of them were infected with Toxoplasma (Ibrahim et al., 2017). According 

to Duarte et al. (2020), a positive result of the T. gondii was observed in 16 of the samples 

with a primer to the B1 gene (5.5%) in blood and 2.5% at the site of the placental tissue. 

The findings of a molecular diagnosis of toxoplasmosis in a totally 500 females of 

Mahzesaran province (Iran) revealed that the prevalence of PCR approach turned out to 

be 4.2% (Rahimi Esboei et al., 2021). However, differences in obtained between our study 

and other above studies might be related to the phase of infection (acute / chronic, 

symptomatic / asymptomatic), type of applied molecular assay, and gene targeted for 

primer detection.  

Phylogenetically, we recorded that 17 of 21 study T. gondii isolates have a marked 

identity to Iraqi T. gondii isolate (GenBank ID: LC749846.1) obtained from cats in Mosul 

city in Nineveh province; while, 4 of 21 study T. gondii isolates have a significant identity 

to another Iraqi T. gondii isolate (GenBank ID: MH636821.1) obtained from birds of Dulmaj 

marsh in Wasit province. Cats represent the primary definitive host for T. gondii, which 

become infected due to consuming infected prey like rodents and birds (Abdul Hafeez et 

al., 2022). Infected cats shed oocysts in their feces which contaminate the environment and 

transmit to human through various routes including accidental ingestion (Khan et al., 

2023). On the other hand, although birds act as an intermediate host harboring the parasite 

and potentially infecting cats, they cannot consider a direct source of human infection in 

the same way as contaminated cat feces or undercooked meat from infected animals (Zanet 

et al., 2023).  

The nuanced interplay between host genetics and parasitic metabolic requirements 

underscores the complexity of host-pathogen interactions and highlight the need for 

personalized approaches in managing parasitic diseases. In the presents study, MTHFR-

C766T gene polymorphism was carried out to evaluate the frequency between (CC) wild 

type allele and mutant (CT) allele either in homozygous or heterozygous condition, using 

ARMS PCR that is highly sensitive and more reliable technique for SNP analysis. Our 

findings demonstrated by the Hardy Weinberg equilibrium that the frequency of 

dominant wild type homozygous CC and mutant homozygous TT was increased 

significantly in infected women more than expected. However, genotypic frequency of 

mutant homozygous TT and heterozygous CT was higher in infected women than non-

infected women; whereas for allele frequency, the mutant T allele was higher in infected 

than non-infected women. These findings indicate that infected asymptomatically 
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pregnant women are at the risk unexpected reproductive illness and termination of 

pregnancy as recorded by various researchers (Rafiei et al., 2017; Xie et al., 2017; Loizidou 

et al., 2021). 

5. Conclusion 

This study indicates serologically a marked high seroprevalence of anti-T. gondii IgG 

antibodies, particularly mild phase; and molecularly, an existence of mutant acute human 

toxoplasmosis. Phylogenetically, the study isolates have a significant identity to another 

Iraqi isolates identified in cat and bird suggesting the role of these hosts in transmission of 

infection and the isolate might circulate between different hosts including human. Genetic 

and allele frequencies of MTHFR-C766T gene demonstrate a significant trend to T. gondii 

infection; however, furthermore studies are greatly needed due to the lack of such studies 

in Iraq. 
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