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INTRODUCTION

Toxoplasma gondii (T. gondii) is one of the most com-
mon parasites that infect humans. After the initial 

infection, immune-compromised patients rely on cell-me-
diated immunity to help eradicate the infection (Ali et 
al., 2020; Raissi et al., 2020). During pregnancy, a mother 
may contract toxoplasmosis, which puts the unborn child 
at risk for serious health issues such as stillbirth, miscar-
riage, or congenital disabilities. According to Pinto-Fer-
reira’s research, if the woman has a primary infection, the 
unborn child is most likely to be infected during the third 

trimester of pregnancy, with more than 211 million births 
occurring each year (Dubey, 2009; Elamin et al., 2012). The 
most common way for toxoplasmosis to spread among the 
general public is through the ingestion of oocysts, which 
are shed in the feces of infected cats. Toxoplasmosis can be 
vertically transmitted from mother to child during preg-
nancy, with the third trimester being the most common 
period for transmission. When an acute T. gondii infec-
tion occurs, transplacental transmission has been linked 
to a range of unfavorable outcomes, including stillbirths, 
congenital abnormalities, and neonatal mortality in moth-
ers with impaired immune systems (Oyeyemi et al., 2020). 
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Possible outcomes include coma, systemic infection, pneu-
monia, chorioretinitis, local and systemic brain damage, 
and even death.

Although humans and cats are the primary reservoirs of 
the disease, the prevalence of T. gondii in the population 
of the WHO Eastern Mediterranean Region remains un-
clear (Dasa et al., 2021). Immunocompromised patients 
can eliminate T. gondii infection after the initial infection 
via cell-mediated immunity. T. gondii can encyst in various 
organs of a host, including the brain, skeletal muscle, liver, 
kidney, and heart, with a strong preference for nerve cells, 
which allows the parasite to form cysts in the brain. Preg-
nant women are advised to avoid contact with cat litter 
and soil, as they may contain T. gondii oocysts, which pose 
a significant risk of infection (Rostami et al., 2020; Tenter, 
2009). Congenital toxoplasmosis occurs when the para-
site is transmitted from mother to child during pregnancy 
(Cerutti et al., 2020), leading to serious health concerns 
for the unborn child. Numerous animal species, including 
wild, domesticated, and companion animals, can also be 
infected with T. gondii. Cat feces containing T. gondii oo-
cysts pollute the environment, and the oocysts can sporu-
late in both terrestrial and aquatic habitats. Toxoplasma in-
fection outbreaks in humans and animals are largely caused 
by contaminated water reservoirs, as the oocysts are resist-
ant to many chemicals and disinfectants commonly used 
in the water supply industry (Khan and Noordin, 2020).
This study aims to determine the susceptibility of pregnant 
women and small ruminants to T. gondii infection and to 
detect the parasite using molecular analysis, as opposed to 
conventional methods.

MATERIALS AND METHODS

Ethical Approval
The current study was approved by the Iraqi Human and 
Animal Welfare Code at the University of Fallujah, Col-
lege of Applied Science.

Sample Collection
A total of 165 blood samples from pregnant women were 
randomly collected between January 2024 and October 
2024 in the Al-Anbar province (from Al-Ramadi Gyne-
cology and Pediatrics Educational Hospital and Al-Fallu-
jah Educational Hospital of Gynecology and Pediatrics). 
These samples were then examined using serological tests 
and molecular analysis. Additionally, during the same study 
period, 100 serum samples from small ruminants (goats 
and sheep) were collected from slaughterhouses. 

Serological Diagnosis 
Rapid test as directed by the manufacturer (Humatex-Toxo, 
Human-Diagnostics Worldwide, Germany) was utilized 
as a screening test for serological confirmation of T. gondii. 

DNA Extraction 
Following the manufacturer instructions, DNA was ex-
tracted from whole blood using a DNA extraction kit (Bi-
oneer, Korea). 

Detection of T. Gondii DNA by PCR Assay 
Following the manufacturer’s instructions, the genom-
ic DNA was extracted from the blood of the human and 
small ruminant with T. gondii, the samples of DNA were 
kept at -20°C. The PCR reaction were conducted by using 
two specific primers to detect the T. gondii forward primer 
(5-TGT TCT GTC CTA TCG CAA CG-3), and reverse 
primer (5-ACG GAT GCA GTT CCT TTC TG-3), for-
ward primer (5-TCT TCC CAG ACG TGG ATT TC-3) 
and reverse primer (5-CTC GAC AAT ACG CTG CTT 
GA-3), which amplify 580 bp and 531bp respectively, re-
gion of B1 gene (Al-Masoudi, 2015). Twenty four micro-
liters was the actual volume used for the PCR reactions, 
which included 12.5 microliters of green master mix (Pro-
mega, USA), 5 microliters of genomic DNA, 1 microliter 
of each primer, and 5.5 microliters of nucleus-free water. 
Following a 2-minute initial denaturation stage at 94°C, 
there were 40 cycles that lasted 1 minute each at 94, 57, 
and 72 degrees celsius, with a 5-minute final extension 
stage at 72 degrees Celsius. After the amplification phase, 
every PCR result was examined. Five liters of the amplified 
samples were placed right away onto a 1.5% agarose gel 
electrophoresis and a UV transilluminator.

Statistical Analysis 
In order to determine mean differences, the collected data 
was statistically examined using the Analysis of Variance 
(ANOVA) and the Chi-square test for categorical vari-
ables. The analysis was performed using SPSS software 
(Dani and Al Quraan, 2023).

Table 1: T. gondii distribution based on rapid test among 
various age groups of pregnant women.
Age Positive 

No.
% Negative 

No.
% Total No.

18-25 years 18 32.7 37 67.2 55
25-35 years 12 21.8 43 78.1 55
35-40 years 6 10.9 49 89 55

Chi-Square (χ2) (P≤0.01) Significant different.

RESULTS AND DISCUSSIONS

The prevalence rate of T. gondii in pregnant women’s blood 
samples, detected using the serological rapid test, varied 
across age groups with significant differences (p ≤ 0.01). 
The rates were 32.7% in those aged 18–25, 21.8% in those 
aged 25–35, and 10.9% in those aged 35–40 (Table 1). 
When using polymerase chain reaction (PCR) to amplify 
the B1 gene regions (580 bp and 531 bp), the infection 
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prevalence in pregnant women was found to be 40%, as 
shown in (Figure 1). The PCR results for ruminants re-
vealed an infection prevalence of 10%, with the highest (p 
≤ 0.01) prevalence in sheep at 16%, and in goats at 4% 
(Table 2).

Figure 1: A: The PCR results showed amplification of a 
580 bp fragment on a 1.5% agarose gel electrophoresis, 
with a 1000 bp DNA ladder. B: The PCR product revealed 
amplification of a 531 bp fragment, with a 1000 bp DNA 
ladder, on a 1.5% agarose gel electrophoresis.

Table 2: The prevalence of T. gondii distribution based on 
the PCR test among goats and sheep.
Host Total sample No. Positive No. %
Sheep 50 8 16
Goat 50 2 4
Total 100 10 10

Chi-Square (χ2) (P≤0.01) Significant different.

The study focused on toxoplasmosis, a foodborne infection 
that may impact pregnant women. The results of this study 
disagreement with other study in Bénin, using a rapid test 
the seroprevalence of toxoplasmosis was 48.9% in older 
women and in Nigeria, the toxoplasmosis seroprevalence 
based the result of the rapid test for toxo IgG-IgM was 
28.1% (Ogouyèmi-Hounto et al., 2014). In comparison to 
study conducted in the Al-Qadisiyah province incompat-
ible with this study, the rate of infection was16% of age 
groups 20 to 25 and in Kaduna State Northwest Nigeria, 
ages 16-20 and 26-30 years have the largest seropositive 
of 0.8%, while ages 21-25 and 31-35 years have a sero-
prevalence of 0.6%, and all ages 36-40 years are negative 
(Alkanaq et al., 2020; Edward et al., 2024). Previous study 
ELISA IgG and IgM tests revealed 34.01% of total pos-
itives, which is regarded as a confirmed case of toxoplas-
mosis. Age group 20–29 years old had the highest rate of 
IgG 26.66%, whereas age group 30-39 years old had the 
highest rate of IgM 10.52% (Al-Gharibawi and Alwaaly, 
2021). Regarding to PCR results, the result of this study is 
not consistent with the study in Babylon Province, where 
it was recorded 19 out of 112(16.9%) was positive to toxo-
plasmosis by nPCR (Al-Masoudi, 2015). In Iran, based on 
the Toxoplasma SAG1 gene in the blood, 36 (97.3%) cases 
were positive; in India, for the B1 gene, 13 (8.6%) out of 150 

patients were qPCR positive; and in Egypt, the infection 
rate was 57.3% in aborted women (Aly et al., 2023; Datta 
et al., 2024; Elaadli et al., 2023). Toxoplasmosis has been 
confirmed by PCR analysis, which detected the B1 gene in 
the peripheral blood of 9 (90%) out of 10 positive samples 
and based on the nested-PCR method, T. gondii DNA was 
detected in 14.18%. It appears that the sample collection 
type, sampling technique, and other criteria, such as die-
tary habits, climatic conditions can influence toxoplasmo-
sis prevalence in different places. The previous research on 
the seroprevalence of toxoplasmosis in pregnant women in 
Kosovo found that 1.2% of women contracted toxoplas-
mosis during their pregnancy (Saki et al., 2021; Dentico et 
al., 2011). The results of this study, agreement with another 
study in Al-Diwaniyah City, Iraq, showed that T. gondii 
were detected in 40% of women, whereas disagreement in 
Al-Najaf province revealed that 87.5% were positive for 
B1 gene detection (Ghazzay et al., 2020; Kareem, 2023). 
RT-qPCR was used to identify 14.3% of pregnant wom-
en in Maysan Province and PCR was used to identify 32 
(51.61%) of pregnant women in Mosul Province who were 
infected with T. gondii (Allamy et al., 2023; Al-Omer, 
2021). The results of this study disagreement with previ-
ous study in India, using a B1 gene based PCR to find 
T. gondii, sheep tested positive 3.67 while the goat infec-
tion rate was 3.50% according to the results (Satbige et al., 
2016). In Iran, the results revealed that T. gondii was pres-
ent in 26 (5.9%) of the samples (Amroabadi et al., 2021). 
In Baghdad, with regard to the B1 gene the PCR analysis 
overall positive results indicated that 13.92% in goat and 
in Al-Qadisiyha, using RT-PCR to identify the particular 
parasite B1 gene in blood samples revealed 9% sheep with 
positive infection results and in Duhok, recorded 21.6% 
in ewe (Al-abodi, 2021; Mikaeel and Al-Saeed, 2020). It 
has been suggested that the low PCR positive rate caused 
by the parasite not being present in the blood at the time 
of collection and having already localized as tissue cysts, 
tachyzoites, or bradyzoites within the host’s body. Addi-
tionally, the cause can be that the acute disease goes away 
or becomes a chronic infection. The variations in positive 
infections can be attributed to variations in the amount of 
samples analyzed in the study, as well as uncontrolled labo-
ratory circumstances that can lead to errors in PCR results 
(Boothroyd, 2009; Al-Abodi, 2018).

CONCLUSIONS AND 
RECOMMENDATIONS

This study concludes that nested PCR is more effective at 
detecting the B1 gene of T. gondii, facilitating the identi-
fication of the agent responsible for abortions in pregnant 
women. Additionally, our findings suggest a higher infec-
tion rate among young women, likely influenced by various 
factors, including residency and seasonal variations that 
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impact parasite distribution. Finally, negative PCR results 
may be due to inhibitors interfering with the DNA extrac-
tion process. Comparatively, research on ruminants shows 
a low infection rate of toxoplasmosis, which plays a sig-
nificant role in protecting humans from parasite infection. 
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