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Abstract

Toxoplasmosis is one of the protozoan diseases caused by Toxoplasma gondii (I gondii) which infects a wide
variety of hosts, including human population with cats being the definitive host. Congenital transmission can
occur, which may result in fetal, neonatal death, or severe malformations. In this study, we aimed to determine
the seroprevalence and associated risk factors of 7. gondii infection among pregnant women in Mukalla
city/Hadhramout, Yemen. We conducted cross-sectional and analytical study from March to June 2022 in
Mukalla city, Hadhramout. Pregnant women aged 13 to 40 years old attending the gynecological and obstetric
clinics were enrolled in the study. For each participant, socio-demographic, predisposing factors, and clinical
data were collected through a questionnaire. Serological test (immunochromatographic assay) was performed
for the detection and avidity determination antibodies of the latent toxoplasmosis (IgG) and active
toxoplasmosis (IgM). Logistic regression analysis was used to identify factors associated with seropositivity.
Out of 104 participants, 46.2% were positive for specific anti-7. gondii IgG antibodies and 10.6% had IgM
antibodies suggestive of recent primary infection. The participants aged 20 to 30 years showed the highest
IgG and IgM seroprevalence. The univariate logistic regression analysis showed that eating raw foods (OR =
4.449, CI: 1.311-15.093, p = 0.017), being often in contact with cats (OR = 3.929, CI: 1.143-13.502, p =
0.030) and being often in contact with cat feces (OR = 2.858, CI: 0.967-8.449, p = 0.058) were significantly
associated with seropositivity. Multivariate analysis confirmed that eating raw foods (Adjusted OR = 4.428,
CI: 1.249-15.698, p = 0.021) was significant predictor factor of 7. gondii seroprevalence among the studied
participants. Our findings suggest that 7. gondii is widespread in the local area, resulting in a high exposure
risk of pregnant women. Occupational predisposing factors appear to play a significant role in the
transmission of toxoplasmosis. To avoid the potentially serious consequences to the fetus, there is an urgent
need for systematic screening during antenatal care and the gynecological clinics visits and awareness health
campaigns.
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protozoan that can infect most species of warm-blooded
animals including humans and has an unparalleled range
of intermediate hosts, and is believed to infect up to a
third of world population as well as a wide variety of

Introduction

Toxoplasmosis is a zoonotic infection caused by
Toxoplasma gondii (T. gondii), a protozoan with a

worldwide distribution. Humans can become infected by
the ingestion of raw or undercooked meat containing
tissue cysts or the consumption of food or water
contaminated with sporulated oocysts [1]. T. gondii
parasite is an obligate intracellular opportunistic

animal species [2]. Moreover, toxoplasmosis is an
opportunistic infection that can cause severe
complications in immunocompromised persons [3,4].
The overall risk that acute T. gondii infection could result
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in a congenital infection is estimated to be about 30%,
with higher risks during the third trimester [5].

Cats are the definitive hosts of the parasite, as they place
infectious stages in their feces, and it was found that
these stages have very high rates of resistance to
environmental conditions and thus play a major role in
the spread of infection [6]. The transmission of
toxoplasmosis to humans in many countries of the world
is affected by several factors, the most important of
which are people’s cultures and customs, climate, and
behavioral practices such as keeping cats [6], food
preparation habits [7], and eating raw meat [8], drinking
unclean water [9], and socioeconomic conditions play a
role in the spread of infection [10], and it was noted that
the seroprevalence of toxoplasmosis is associated with
the age factor and the increase in the incidence of
advanced age [11].

Pregnant women are infected with T. gondii during
pregnancy, and the parasite is transmitted from the
mother to the fetus through the placenta and associated
with an increased risk of premature birth, miscarriage,
stillbirth, and postnatal malformation [12,13]. The
severity of symptoms and congenital infection depend on
the stages of pregnancy and gestation age. Early
diagnosis and health care for neonatal and maternal
congenital toxoplasmosis are important in preventing
consequences and complications [14]. Early diagnosis
and treatment, particularly during the first trimester, have
the potential to significantly improve overall clinical
prognosis [15]. To date, there are no clinically effective
vaccines to prevent this infection [16].

Toxoplasmosis is an important health problem in Yemen
because of the region's geography, weather, health
awareness, social habits, lifestyle, food and environment
that help spread this parasite and increase its infection.
Also, data on the seroprevalence of toxoplasmosis
among pregnant women and girls in childbearing age in
Mukalla city, Hadhramout are limited. Our findings can
improve the management of Toxoplasma infections in
this area. So, in this study, we aimed to understand the
epidemiological status of T. gondii infection among
Hadhrami pregnant women and identify the potential
influencing factors.

Materials and Subjects
Study design and period

A cross-sectional and analytical study was carried out in
the period from March to June 2022.

Sample size and study population

Non-probability (convenience sampling) was used, so
that maximal participation ensured, the included 104 of
pregnant women.

Pregnant women who underwent prenatal examination at
the obstetrics and gynecology clinics in Mukalla city,
Hadhramout were enrolled in the study.

Collection of blood samples

Blood samples were collected according to the steps of
the InTec Products, INC company, China. Trained
medical technicians collected 3 mL of elbow venous
blood from each participant. Serum was separated from
whole blood by centrifugation at 3000 rpm for 5 min. The
separated serum was labeled and stored at -20°C until
analysis.

Serological assay

Anti-T. gondii antibody tests were performed using the
commercially available advanced quality one step
TOXO-IgM  and IgG  immunochromatographic
immunoassay for the detection of antibodies to T. gondii
kits (InTec Products, INC company, China) according to
the manufacturer’s instructions. Positive and negative
controls were included. Frozen samples were thawed,
and cassette kit reagents were brought to room
temperature (20-25 °C) before testing. All tests were
performed manually, and all experiments were
performed twice by the same researcher to ensure the
repeatability of results.

Data collection tool

We collected information on potential risk factors, by
means of a questionnaire that included a group of
sociodemographic, clinical and behavioral variables.

Ethics approval and consent to participate

The study was approved by the ethical review board of
Faculty of Science, Hadhramout university. All patients
gave written informed consent, and participants data
were anonymized.

Statistical analysis

Statistical analyses were performed using statistical
package for social sciences (SPSS) (version 19.0
software). Data were presented as numbers and
percentages. Differences in the seroprevalence of T.
gondii were assessed using univariate analysis and
bivariate analysis and were considered statistically
significant at P < 0.05.

Results
General characteristics of the participants

It was clear from the questionnaire data that the age
group of the targeted pregnant women 20-30 years
represented the most in number 78(75.0%), and the
secondary and then primary educational groups were the
most numerous 47(45.2%) and 42(40.2%), respectively.
Urban women were more numerous 80(77%) than rural
women. The number of housewives was 91(87.5%). The
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frequency of pregnancies 2-3 times and more than 3 miscarriages/miscarriages was 25(24.0%), and a
times was 43(41.4%) and 36(34.6%) respectively, the previous infection with toxoplasmosis was 17(16.3%), as
largest number of previous one-time shown in Table (1).

Table (1): General characteristics of the participants

T. gondii sero-Status (No.=104)

Variable Category No. of Examined
13-20 11 5 4.8
Age groups (years) 21-30 78 47 45.2
31-40 15 7 6.7
Iliterate 2 1 1.0
Primary 42 20 19.2
Educational level
Secondary 47 21 20.2
University 13 3 2.9
. Urban 80 36 34.6
Residence
Rural 24 9 8.7
Student 4 1 1.0
Occupation Housewife 91 41 39.4
Job 9 3 2.9
Low 6 3 29
Monthly income Medium 89 40 385
High 9 2 1.9
3-5 50 18 17.3
Family members/persons 5-9 36 18 17.3
More than 9 18 9 8.7
Once 25 13 125
Pregnancy 2-3 43 25 24.0
More than 3 36 21 20.2
Non 73 40 385
o 1 25 15 14.4
Miscarriage
2-3 5 4 3.8
More than 3 1 0 0
) . Yes 88 39 375
Washing vegetables and fruits
No 16 6 5.8
Yes 17 9 8.7
llIness history
No 87 36 34.6
Yes 47 22 21.2
Eating restaurant foods
No 57 23 22.1
Yes 15 11 10.6
Eating raw foods
No 89 34 32.7
Yes 49 21 20.2
Contact with soil
No 55 24 23.1
Yes 14 10 9.6
Contact with cats
No 90 35 33.7
Yes 17 11 10.6
Contact with cat feces
No 87 34 32.7
Filtered 68 26 25.0
Water source
Non filtered 36 19 18.3
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Seroprevalence of T. gondii in pregnant women

Table (2) shows the serological patterns of T. gondii in
pregnant women. The serological prevalence of IgM
antibody was 11(10.6%), which represents recent
infections, while the serological prevalence of IgG
antibody was 48(46.2%), which represents previous
infections (protected) with the parasite, and 59(56.7%)
were secondary infected (IgM and IgG positive).

Table (2): Serological patterns in pregnant women for
T. gondii infection

Risk factors and their relationship to the prevalence
of T. gondii infection in pregnant women

Univariate analysis of factors associated with T. gondii
seroprevalence among the pregnant women in this study
showed the possible transmission methods of the
parasite, which eating raw foods (OR = 4.449, Cl: 1.311-
15.093, p = 0.017), being often in contact with cats (OR
=3.929, CI: 1.143-13.502, p = 0.030) and being often in
contact with cat feces (OR = 2.858, Cl: 0.967-8.449, p =
0.058) were significantly associated with seropositivity,
as presented in Table (3)

Serological Patterns ‘ No. ‘ % | Status ‘
. Recently
Positive Toxo-1gM only 11 | 10.6 infected
Positive Toxo-1gG only 48 | 46.2 Protected
Positive Toxo-1gG with positive 59 | 567 Secondary
Toxo-IgM ) infected

Table (3): Univariate analysis of factors associated with T. gondii seroprevalence among the pregnant women

b 0. of examined OR 95% P-va
0] % 0 %
Age groups (years)
13-20 11 5 4.8 6 5.8 1 1
21-30 78 47 45.2 31 29.8 0.45 0.154-1.958 0.356
31-40 15 7 6.7 8 7.7 0.048 0.200-4.538 0.951
Educational level
Illiterate 1 1 1.0 1 1.0 1 1
Primary 22 22 21.2 20 19.2 0.091 0.053-15.516 0.948
Secondary 26 26 25.0 21 20.2 0.192 0.048-13.698 0.882
University 13 10 9.6 3 29 0.7 0.014-6.382 0.440
Residence
Urban 80 44 42.3 36 34.6 1.364 0.535-3.479 0.516
Rural 24 15 144 9 8.7 1 1
Occupation
Student 4 3 29 1 1.0 1 1
Housewife 91 50 48.1 41 39.4 2.460 0.247-24.550 0.443
Job 9 6 5.8 3 29 1.500 0.106-21.312 0.765
Monthly income
Low 6 3 29 3 29 1 1
Medium 89 49 47.1 40 38.5 0.184 0.156-4.267 0.810
High 9 7 6.7 2 1.9 0.714 0.030-2.692 0.274
Family members/person
3-5 50 32 30.8 18 17.3 0.437 0.189-1.672 0.301
5-9 36 18 17.3 18 17.3 1 0.323-3.101 1
More than 9 18 9 8.7 9 8.7 1 1
Pregnancy
Once 25 13 12.5 12 11.5 1 1
2-3 43 25 240 18 17.3 0.22 0.289-2.102 0.623
More than 3 36 21 20.2 15 14.4 0.226 0.277-2.161 0.625
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Miscarriage
None 73 40 38.5 33 317 0.000 0.000 1
1 25 15 14.4 10 9.6 0.000 0.000 1
2-3 5 4 3.8 1 1.0 0.000 0.000 1
More than 3 1 0 0 1 1.0 1 1

Washing vegetables and fruits

Yes 88 49 47.1 39 37.5 1 1

No 16 10 9.6 6 5.8 0.246 0.252-2.256 0.613
IlIness history

Yes 17 8 7.7 9 8.7 1.594 0.561-4.525 0.381

No 87 51 49.0 36 34.6 1 1

Eating restaurant foods

Yes 47 25 24.0 22 21.2 1.301 0.596-2.838 0.509
No 57 34 32.7 23 221 1 1
Eating raw foods
Yes 15 4 38 11 10.6 4,449 1.311-15.093 0.017*
No 89 55 52.9 34 32.7 1 1
Contact with soil
Yes 49 28 26.9 21 20.2 0.031 0.445-2.107 0.936
No 55 31 29.8 24 23.1 1 1
Contact with cats
Yes 14 4 38 10 9.6 3.929 1.143-13.502 0.030*
No 90 55 52.9 35 33.7 1 1
Contact with cat feces
Yes 17 6 5.8 11 10.6 2.858 0.967-8.449 0.058*
No 87 53 51.0 34 327 1 1
Water source
Filtered 68 42 40.4 26 25.0 0.446 0.245-1.254 0.156
Non filtered 36 17 16.3 19 18.3 1 1
*Significant statistics at p-value <0.05
COR, Crude Odds Ratio; Cl, Confidence interval
Multivariate analysis for significant variables associated Discussion

with T. gondii infection among pregnant women
confirmed that eating raw foods (Adjusted OR = 4.428,
Cl: 1.249-15.698, p = 0.021) was significantly associated
with seropositivity of T. gondii infection, as shown in
Table No. (4).

Table (4): Multivariate analysis of the predictors of T.
gondii seroprevalence among pregnant women

Variables ’ Adjusted ‘ 95% ClI ’ 7 ‘
OR value
Eating raw foods 4.428 1152338 0.021*
Contact with cats 1.935 oo 0.437
Contact with cat 2.158 04959421 | 0.306

*Significant statistics at p-value <0.05
OR, Odds Ratio; Cl, Confidence interval

In the present study, the total seroprevalence for anti-
Toxoplasma antibodies, 1gG and IgM was 56.7%. This
seroprevalence found in the current study is higher than
the seroprevalence rates of previous studies conducted in
Yemen 45.4% and 46.2% respectively [17,18]. There are
various explanations behind Yemen's high prevalence of
toxoplasmosis such as living situations, economic and
environmental factors, a lack of public health awareness,
a lack of sanitary facilities and infrastructure, and a lack
of access to safe drinking water.

The seroprevalence found in the present study is higher
the seroprevalence rates of other studies conducted in
different countries, Saudi Arabia 14.1% and 24.1%
respectively [19,20], Ethiopia 38.8% [21], Peru 35.8%
[22], Taiwan 7.7% [23], and China 3.6 % [12], but lower
than the seroprevalence rates of previous studies
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conducted in Brazil 68.6% [24], Brazilian Amazon
municipality 68.3% [25], and Ethiopia, 70.8% [26].
However, this was close to the result (52.6%) obtained
from Benin [27] and (40.9%) obtained from Saudi Arabia
[19]. The variation in T. gondii prevalence across
different countries can be attributed to factors that
influence oocyst sporulation and survival in the
environment [28]. Environmental, geographical location
and characteristics of study subjects, such as age,
educational level, cat handling, hygiene, and feeding
habits play a crucial role in prevalence [29]. Also,
infections tend to be more common in hot climates and
low-lying areas compared to cold climates and
mountainous regions, as well as in humid environments
versus dry ones [20,30].

The seroprevalence rate of 1gG and IgM antibodies in
this study were 46.2% and 10.6% respectively. However,
this was close to the result (IgG antibody was 44% and
IgM antibody 11%) obtained from Sana’a [31], but
higher than reported in other Yemeni governorates,
Dhamar, (IgG antibody was 13.62% and IgM antibody
4.33%) [32], Hodeidah (14.5% for the 1gG antibody and
14.4% for the IgM antibody) [33], and Ibb (for IgG
antibody was 13% and for IgM antibody 4%) [34].

Our data showed a high prevalence of a possibility active
toxoplasmaosis in the study population. About 10.6% of
pregnant women attending antenatal clinics had IgM,
which indicates the possibility of early or acute infection
of T. gondii, highlighting the high risk of placental
transmission to the fetus and, consequently, congenital
toxoplasmosis. The presence of IgM without 1gG Ab
may indicate an early infection, while the presence of
both IgG and IgM Abs suggests acute infection [35].
However, this prevalence of IgM antibody is higher than
reported in studies conducted in China 0.1% [12], Saudi
Arabia 6.2% [20], Iran 2.27% [36], Brazil 0.25% [37],
Ethiopia 9.3% [38], Algeria 0.89% [39], and Zambia
0.7% [40], but lower than the 12.93% and 12.5%
reported in Erbil, Iragi Kurdistan and Kuwait
respectively [41,42].

The presence of 1IgG Ab, in our study about 46.2%, may
indicate that infection with toxoplasmosis among these
pregnant women had occurred in the past very commonly
(chronic infection). Compared to other studies conducted
in Yemen showed a seroprevalence of 1IgG Ab of 43.7,
27.9%, and 12.9% respectively [17,43,44]. High
seroprevalence of 1gG 58.5% was also reported from
Brazil [37]. In Saudi Arabia, a neighboring country, the
prevalence of IgG was 20% [20]. However, high
prevalence of 1gG reported in different studies conducted
in Iran 38.63% [36], Ethiopia 76.4% [38], Turkey 26.3%
[45], Syria 58.3% [46], and Burkina Faso 37.3% [47], but
low prevalence showed in Kuwait 2.1% [42], Algeria
13.6% [39], and Zambia 4.2% [40]. However, it should
be noted that comparing the seroprevalence of anti-

Toxoplasma Abs between the different studies is
problematic due to the different populations tested, their
sociodemographic factors, and the use of different
serological methods may also be responsible for
discrepancies.

IgG antibodies become detectable 14 days after the first
positive IgM test whereas IgM antibodies are detectable
approximately 7 days after infection. 1gG antibodies
persist for approximately 2 years, whereas IgM
antibodies tend to disappear within about 6 months after
infection [12,48]. This difference in the development and
persistence of 1gG and IgM antibodies in serum may
contribute to the higher seroprevalence of IgG in our
study. Another possible explanation is that infected
individuals seldom seek medical care promptly because
the disease is usually asymptomatic, and the short
persistence of IgM antibodies in the serum makes the
detection of IgM antibodies more difficult [12].

The findings of this study suggest that toxoplasmosis, as
assessed by risk factors, are not associated with
educational level, age groups, occupation, residence,
family members, monthly income, pregnancy period,
washing vegetables and fruits, miscarriage, eating
restaurant foods, illness history, contact with soil, and
water source. This result means that these commonly
hypothesized risk factors may not even significantly
impact the transmission patterns of T. gondii in the target
population. Other previous studies showed no
association was found between seropositivity and the
suspected risk factors assessed [40,49].

In this study, bivariate analysis showed contact with cat
feces was significantly associated with anti-T. gondii
antibodies, highlighting the importance of this route of
transmission, as reported in previous studies [44,50].
This significant risk factor could be explained by the
habit of keeping cats in the Yemeni community, which
acts as a potential source for contamination of the soil,
and the Yemeni climate, which sustains the infectivity of
oocysts. The oocysts of T. gondii can remain infective for
many months in suitable environment conditions such as
warm temperature, moisture, and shade, which is the
typical and relatively stable environment in Yemen [18].
The present study indicated that contact with cats is a
significant risk factor for seropositivity. Previous studies
conducted in Yemen [17,43], Ghana [51], Africa [52],
and Burkina Faso [47] have reported a significant
association between contact with cats and toxoplasmosis.
However, these factors were not identified as
independent risk factors of T. gondii infection in
multivariate analysis in this study. Eating raw foods was
significantly associated with the seroprevalence of T.
gondii in the bivariate analysis. These findings are in
agreement with recent studies [39,50,52]. Eating raw
foods may play a significant role in disease transmission
[1]. The multivariate logistic regression analysis showed
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that eating raw foods was found to be statistically
significant risk factor associated with toxoplasmosis
seroprevalence among pregnant women. This finding is
consistent with previous report in Cameroon [53].

Limitations

Despite obtaining valuable data concerning the
seroprevalence of toxoplasmosis in Mukalla city within
the scope of the present study, some limitations should
be considered. The cross-sectional design of this study
restricts causal conclusions about the identified risk
factors. Additionally, the use of commercially available
advanced quality immunochromatographic
immunoassay for the detection of antibodies to T. gondii
Kits.

Conclusion

We concluded that there is a high seroprevalence of acute
and chronic toxoplasmosis among pregnant women in
Mukalla district; this is an alarming situation that
necessitates public awareness, health education
programs regarding the detrimental effects of
toxoplasmosis in pregnant women. It is necessary
prevention, early diagnosis at early gestation stage, and
confirmation tests by avidity testing or PCR, in addition
to the application of food and hygienic practices by the
population.

References

[1] N.C. Smith, C. Goulart, J.A. Hayward, et al.,
"Control of human toxoplasmosis", International
Journal for Parasitology, vol. 51, pp. 95-121, 2021.
https://doi.org/10.1016/j.ijpara.2020.11.001.

[2] K. Shapiro, L. Bahia-Oliveira, B. Dixon, et al.,
"Environmental transmission of Toxoplasma
gondii: Oocysts in water, soil and food", Food
Waterborne Parasitol, vol. 15, pp. e00049, 2019.

[31 M. Munoz, O. Liesenfeld, MM. Heimesaat,
"Immunology of Toxoplasma gondii, Immunol Rev,
vol. 240, pp. 269-85, 2011.

[4] D. Tegegne, M. Abdurahaman, T. Mosissa, et al.,
"Anti-toxoplasma  antibodies prevalence and
associated risk factors among HIV patients”, Asian
Pac J Trop Med, vol. 9, pp. 4604, 2016.

[5] P.R. Torgerson, P. Mastroiacovo, "The global
burden of congenital toxoplasmosis: a systematic
review", Bull World Health Organ, vol. 91, pp. 501—
8, 2013.

[6] H.A. Dabritz, P.A. Conrad, "Cats and Toxoplasma:
Implications for Public Health", Zoonosis Public
Health, wvol. 57, pp. 34-52, 2010.
https://doi.org/10.1111/j.1863-2378.2009.01273.X.

[71 A.M. Tenter, "Toxoplasma gondii in animals used
for human consumption", Mem. Inst. Oswaldo Cruz,
vol. 104, pp. 364-369, 20009.
https://doi.org/10.1590/s0074-
02762009000200033.

[8] J.L. Jones, V. Dargelas, J. Roberts, et al., "Risk
Factors for Toxoplasma gondii Infection in the
United States", Clin. Infect. Dis, vol. 49, pp. 878—
884, 2009. https://doi.org/10.1086/605433.

[9] J.L.Jones, J.P. Dubey, "Waterborne toxoplasmosis—
Recent developments", Exp. Parasitol, vol. 124, pp.
10-25, 2010.
https://doi.org/10.1016/j.exppara.2009.03.013.

[10] A. Hofhuis, W. Van Pelt, Y.T.H.P. Van Duynhoven,
et al., "Decreased prevalence and age-specific risk
factors for Toxoplasma gondii 1gG antibodies in
The Netherlands between 1995/1996 and
2006/2007", Epidemiol. Infect, vol. 139, pp. 530—
538, 2011.
https://doi.org/10.1017/S0950268810001044.

[11] C.P. Wyman, S.D. Gale, A. Hedges-Muncy, et al.,
"Association  between  Toxoplasma  gondii
seropositivity and memory function in non-
demented older adults", Neurobiol Aging, vol. 53,
pp. 76-82, 2017.
https://doi.org/10.1016/j.neurobiolaging.2017.01.0
18.

[12] J. Gao, L. Huo, S. Zhu, et al., "Seroprevalence of
Toxoplasma gondii infection among women in the
first trimester in China" Acta Tropica, vo. 260, pp.
107482, 2024.
https://doi.org/10.1016/j.actatropica.2024.107482.

[13] S. Prescott, T. Mutka, K. Baumgartel, et al.,
"Tryptophan metabolism and immune alterations in
pregnant Hispanic women with chronic Toxoplasma
gondii infection" Am. J. Reprod. Immunol, vol. 90,
no. 3, pp. e13768, 2023.
https://doi.org/10.1111/aji.13768.

[14] E.S. Al-Malki, "Toxoplasmosis: stages of the
protozoan life cycle and risk assessment in humans
and animals for an enhanced awareness and an
improved socio-economic status”, Saudi Journal of
Biological Sciences, vol. 28, pp. 962-969, 2021.
https://doi.org/10.1016/j.sjbs.2020.11.007.

[15] S. Fallahi, A. Rostami, N. Shiadeh, et al., "An
updated literature review on maternal-fetal and
reproductive disorders of Toxoplasma gondii
infection" J. Gynecol. Obstet. Hum. Reprod, vol. 47,
no. 3, pp. 133-140, 2018.
https://doi.org/10.1016/j.jogoh.2017.12.003.

EJUA-BA | December 2025

293


https://doi.org/10.1016/j.ijpara.2020.11.001
https://doi.org/10.1111/j.1863-2378.2009.01273.x
https://doi.org/10.1590/s0074-02762009000200033
https://doi.org/10.1590/s0074-02762009000200033
https://doi.org/10.1086/605433
https://doi.org/10.1016/j.exppara.2009.03.013
https://doi.org/10.1017/S0950268810001044
https://doi.org/10.1016/j.neurobiolaging.2017.01.018
https://doi.org/10.1016/j.neurobiolaging.2017.01.018
https://doi.org/10.1016/j.actatropica.2024.107482
https://doi.org/10.1111/aji.13768
https://doi.org/10.1016/j.sjbs.2020.11.007
https://doi.org/10.1016/j.jogoh.2017.12.003

EJUA Electronic Journal of University of Aden for Basic and Applied Sciences

Vol. 6, No. 4, December 2025

Bin-Hameed, et al. Pages 287-297

https://ejua.net

[16] Y. Shen, B. Zheng, H. Sun, et al., "A live attenuated
RHAompdcAuprt mutant of Toxoplasma gondii
induces strong protective immunity against
toxoplasmosis in mice and cats", Infect. Dis.
Poverty, wvol. 12, no. 1, pp. 60, 2023.
https://doi.org/10.1186/s40249-023-01109-9.

[17] SSM.A. Al-Eryani, A.M. Al-Mekhlafi, L.A. Al-
Shibani, et al., "Toxoplasma gondii infection among
pregnant women in Yemen: Factors associated with
high seroprevalence, J Infect Dev Ctries, vol. 10, no.
6, pp. 667-672, 2016. doi:10.3855/jidc.6638.

[18] M.A.K. Mahdy, M.Q. Lina, R.A. Alareqi, et al., "A
community-based survey of Toxoplasma gondii
infection among pregnant women in rural areas of
Taiz governorate, Yemen: the risk of waterborne
transmission”, Infectious Diseases of Poverty, vol.
6, pp. 26, 2017. DOI 10.1186/540249-017-0243-0.

[19] F.B. Alanazi, T.M. Hassan, W.F. Alanazi,
"Seroprevalence of Toxoplasma gondii among
pregnant Saudi woman in Arar, Northern Borders
Province, Saudi Arabia", Kasr Al Ainy Medical
Journal, vol. 23, no. 2, pp. 104-108, 2017.

[20] H. Ageely, E.K. El-Gayar, K.D. Perveen, et al.,
"Seroepidemiology of Toxoplasma gondii amongst
pregnant women in Jazan Province, Saudi Arabia",
J. Trop. Med, wvol. 913950, 2014
https://doi.org/10.1155/2014/913950.

[211E.  Kassie, N.  Kebede, T. Kassa, et al.,
"Seroprevalence and risk factors for Toxoplasma
gondii infection among pregnant women at Debre
Markos Referral Hospital, northwest Ethiopia",
Transactions of The Royal Society of Tropical
Medicine and Hygiene, vol. 118, no. 1, pp.61-68,
2024. https://doi.org/10.1093/trstmh/trad053.

[22] H. Silva-Diaz, E.V. Arriaga-Deza, V.E. Failoc-
Rojas, et al., "Seroprevalence of toxoplasmosis in
pregnant women and its associated factors among
hospital and community  populations in
Lambayeque, Peru", Journal of the Brazilian
Society of Tropical Medicine, vol. 53, pp.
£20190164, 2020. doi: 10.1590/0037-8682-0164-
2019.

[23] C-S. Hung, H-W. Su, Y-L. Lee, et al,
"Seroprevalence, Seroconversion, and Risk Factors
for Toxoplasmosis among Pregnant Women in
Taipei, Taiwan", Jpn. J. Infect. Dis, vol. 68, pp.
312-317, 2015.

[24] S. Sroka, N. Bartelheimer, A. Winter, et al.,
"Prevalence and Risk Factors of Toxoplasmosis
among Pregnant Women in Fortaleza, Northeastern
Brazil", Am. J. Trop. Med. Hyg., vol. 83, no. 3, pp.
528-533, 2010. doi:10.4269/ajtmh.2010.10-0082.

[25] R. dos Anjos, P.B. Morais, E.L. do Carmo, et al.,
"Seroprevalence and risk factors associated with T.
gondii infection in pregnant individuals from a
Brazilian  Amazon  municipality”, Parasite
Epidemiology and Control, vol. 9, pp. e00133,
2020. https://doi.org/10.1016/j.parepi.2020.e00133

[26] B. Adugna, Z.S. Tarekegn, D. Damtie, et al.,
"Seroepidemiology of Toxoplasma gondii Among
Pregnant Women Attending Antenatal Care in
Northwest Ethiopia", Infect Drug Resist, vol. 14, pp.
1295-1303, 2021.
http://doi.org/10.2147/IDR.S299106

[27] M. Dambrun, C. Dechavanne, N. Guigue, et al.,
"Retrospective study of toxoplasmosis prevalence
in pregnant women in Benin and its relation with
malaria”, PLoS ONE, vol. 17, no. 1, pp. e0262018,
2022.
https://doi.org/10.1371/journal.pone.0262018

[28] A.A. Aguirre, T. Longcore, M. Barbieri, et al., "The
One Health Approach to Toxoplasmosis:
Epidemiology, Control, and Prevention Strategies",
Ecohealth, vol. 16, no. 2, pp. 378-90, 2019.
https://doi.org/10.1007/s10393-019-01405-7.

[29] N. Salari, A. Rahimi, H. Zarei, et al., "Global
seroprevalence of Toxoplasma gondii in pregnant
women: a systematic review and meta-analysis"
BMC Pregnancy and Childbirth, vol. 25, pp. 90,
2025. https://doi.org/10.1186/s12884-025-07182-2.

[30] J. Negero, M. Yohannes, K. Woldemichael, et al.,
"Seroprevalence and potential risk factors of T.
gondii infection in pregnant women attending
antenatal care at Bonga Hospital, Southwestern
Ethiopia” Int. J. Infect. Dis, vol. 57, pp. 44-49,
2017. https://doi.org/10.1016/}.ijid.2017.01.013.

[31] F.M. Alsaide, A.A. Elagib, L.E. El-Rayah, et al.,
"Immunological and Molecular Diagnosis of T.
gondii Infection among Aborted Women in Sana’a
Capital and Capital Trusteeship, Yemen.
International Journal of Medical Research &
Health Sciences, vol. 8, no. 7, pp. 122-133, 2019.

[32] I.R.M. AL-Shaibani, H. Al_Mahdi, A. AlShwkani,
"Epidemiological Study on Toxoplasmosis of
Human and Animals at Dhamar Governorate,

Yemen", International Journal of Current
Microbiology and Applied Sciences, vol. 7, no. 12,
pp. 1480-1495, 2018.

https://doi.org/10.20546/ijcmas.2018.712.175

294

2025 s | EJUA-BA


https://doi.org/10.1186/s40249-023-01109-9
https://doi.org/10.1155/2014/913950
https://doi.org/10.1093/trstmh/trad053
https://doi.org/10.1016/j.parepi.2020.e00133
http://doi.org/10.2147/IDR.S299106
https://doi.org/10.1371/journal.pone.0262018
https://doi.org/10.1007/s10393-019-01405-7
https://doi.org/10.1186/s12884-025-07182-2
https://doi.org/10.1016/j.ijid.2017.01.013
https://doi.org/10.20546/ijcmas.2018.712.175

Pages 287-297

Toxoplasma gondii Infection among Pregnant Women in Mukalla City, Hadhramout, Yemen: Factors Associated with
Seroprevalence

[33] A.M. Al-Kadassy, O.H. Baraheem, S.A. Bashanfer,
"Prevalence of Toxoplasma gondii infection in
women of child-bearing age in faculty of Medicine
and health sciences Hodeida City, Yemen", The
Pharma Innovation Journal, vol. 7, no. 9, pp. 256-
261, 2018.

[34] M.N. Alkadasi, E.T. Putaiah, K.O.A. Alameri, etal.,
"Prevalence of Toxoplasmosis among Pregnant
Women and Risk Factors in Al-Kaeda Province,
Ibb, Yemen", Asian J. Res. Pharm. Sci, vol. 6, no. 4,
pp. 240-245, 2016.

[35] N. Tekkesin, "Diagnosis of toxoplasmosis in
pregnancy: a review", HOAJ Biology, vol. 1, pp. 1-
8, 2012.

[36] S. Soltani, M.S. Kahvaz, S. Soltani, et al.,
"Seroprevalence and Associated Risk Factors of
Toxoplasma gondii  Infection in  Patients
Undergoing Hemodialysis and Healthy Group",
BMC Research Notes, vol. 13, no. 1, pp. 551, 2022.
d0i:10.1186/s13104-020-05396-5.

[371 F.L. de Moura, M.R.R. Amendoeira, O.M.P.
Bastos, et al., "Prevalence and risk factors for
Toxoplasma gondii infection among pregnant and
postpartum women attended at public healthcare
facilities in the City of Niterdi, State of Rio de
Janeiro, Brazil", Journal of the Brazilian Society of
Tropical Medicine, vol. 46, no. 2, pp. 200-207,
2013. http://dx.doi.org/10.1590/0037-8682-1613-
2013

[38] B. Tilahun, Y. Hailu, G. Tilahun, et al.,
"Seroprevalence and risk factors of Toxoplasma
gondii infection in humans in East Hararghe Zone,
Ethiopia”, Epidemiol. Infect, vol. 144, pp. 64-71,
2016. doi:10.1017/S0950268815001284.

[39] S. Sebaa, J.M. Behnke, A. Labed, et al.,
"Seroprevalence of Toxoplasma gondii and
Associated Risk Factors among Pregnant Women in
Algeria", Am. J. Trop. Med. Hyg, vol. 110, no. 6, pp.
1137-1144, 2024. doi:10.4269/ajtmh.23-0187.

[40] V. Daka, M. Mukosha, S.D. Zimba, et al., "Cross-
sectional study to investigate the seroprevalence and
risk factors of Toxoplasma gondii among women
attending the antenatal clinic in Namwala, Zambia",
BMJ Open, vol. 14, pp. e084582, 2024.
doi:10.1136/bmjopen-2024-084582.

[41] H.M. Abdullah, M.A. Mahmood, "Seroprevalence
of Toxoplasma gondii among Pregnant Women in
Erbil City/Kurdistan Region/lraq", Polytechnic
Journal, vol. 7, no. 3, pp. 54-63, 2017. DOI:
https://doi.org/10.25156/ptj.2017.7.3.47

[42] N. Al-Shammari, J. Igbal, "Decreasing trend in
Toxoplasma seroprevalence among pregnant
women in Kuwait", East Mediterr Health J, vol. 27,
no. 1, pp. 67-75, 2021.
https://doi.org/10.26719/emhj.20.082

[43] N.AIN.S. Algaisi, A.M. AL-Mekhlafi, H.A. Al-
Shamahy, et al., "Toxoplasmosis in pregnant
women in Yemen: the immune status and potential
risk factors", Universal Journal of Pharmaceutical
Research, vol. 6, no. 2, pp. 32-37, 2021
https://doi.org/10.22270/ujpr.v6i2.570.

[44] AH. Al-Adhroey, A.O. Mehrass, A.A. Al
Shammakh, et al., "Prevalence and predictors of
Toxoplasma gondii infection in pregnant women
from Dhamar, Yemen", BMC Infectious Diseases,
vol. 19, pp. 1089, 20109.
https://doi.org/10.1186/s12879-019-4718-4.

[45] S. Gonca, M.S. Serin, S. Halepliler, et al.,
"Seroprevalence of Toxoplasma gondii in Pregnant
Women Admitted to a State Hospital in Mersin,
2019", Turkiye Parazitol Derg, vol. 45, no. 3, pp.
176-180, 2021. DOI:
10.4274/tpd.galenos.2021.7273.

[46] L.N. Altunal, A.B. Esen, G. Karagz, et al.,
"Seroprevalence of Toxoplasma gondii, Rubella,
and Cytomegalovirus Among Pregnant Refugees
and Turkish Women: A Retrospective Comparative
Study", South. Clin. Ist. Euras, vol. 29, no. 4, pp.
235-239, 2018. DOI:10.14744/scie.2018.66375.

[47] M.C. Tahita, B. Kaboré, H. Ilboudo, et
al. "Toxoplasma gondii seroprevalence and
associated factors among pregnant women
attending their first antennal care visit in rural
Burkina Faso", J Parasit Dis, 2025.
https://doi.org/10.1007/s12639-024-01765-0.

[48] Q. Liu, Z.D. Wang, S.Y. Huang, et al., "Diagnosis
of toxoplasmosis and typing of Toxoplasma gondii”,
Parasit Vectors, vol. 8, pp. 292, 2015.
https://doi.org/10.1186/s13071-015- 0902-6.

[49] D.A. Mensah, L.B. Debrah, R.A. Bonney, et al.,
"Seroprevalence and the associated risk factors of
Toxoplasma gondii infection among pregnant
women in the Middle Belt of Ghana", J Matern
Child Health, vol. 08, no. 05, pp. 540-554, 2023.
https://doi.org/10.26-911/thejmch.2023.08.05.02.

[50] G. Barzgar, E. Ahmadpour, M.H. Kohansal, et al.,
"Seroprevalence and risk factors of Toxoplasma
gondii infection among pregnant women", J Infect
Dev Ctries, vol. 18, no. 1, pp. 60-65, 2024.

EJUA-BA | December 2025

295


http://dx.doi.org/10.1590/0037-8682-1613-2013
http://dx.doi.org/10.1590/0037-8682-1613-2013
https://doi.org/10.25156/ptj.2017.7.3.47
https://doi.org/10.26719/emhj.20.082
https://doi.org/10.22270/ujpr.v6i2.570
https://doi.org/10.1186/s12879-019-4718-4
https://doi.org/10.1007/s12639-024-01765-0
https://doi.org/10.26-911/thejmch.2023.08.05.02

EJUA Electronic Journal of University of Aden for Basic and Applied Sciences
Vol. 6, No. 4, December 2025

Bin-Hameed, et al.

Pages 287-297

https://ejua.net

[51] B. Singh, L.B. Debrah, G. Acheampong, et al.,
"Seroprevalence and Risk Factors of Toxoplasma
gondii Infection among Pregnant Women in
Kumasi: A Cross-Sectional Study at a District-
Level Hospital, Ghana", Infectious Diseases in
Obstetrics and Gynecology, Article ID 6670219, 9
pages, 2021. https://doi.org/10.1155/2021/6670219.

[52] G.Y. Mulu, D.G. Worku, A.G. Degu, et al,
"Toxoplasma gondii  seroprevalence among
pregnant women in Africa: A systematic review and
meta-analysis", PLoS Negl Trop Dis, vol. 18, no. 5,
pp. €0012198, 2024,
https://doi.org/10.1371/journal.pntd.0012198.

[53] N.A.C. Nadia, L.G. Nino, Y. C'edric, et al.,
"Seroprevalence of Toxoplasma gondii 1gG and
IgM antibodies and associated risk factors among
pregnant women consulted in three health centers in
Dschang, Cameroon, Parasite Epidemiology and
Control, vol. 22, pp. e00306, 2023.
https://doi.org/10.1016/j.parepi.2023.e00306.

Author information
ORCID
Eidha Bin-Hameed: 0000-0002-0999-0173

296

2025 s | EJUA-BA


https://doi.org/10.1155/2021/6670219
https://doi.org/10.1371/journal.pntd.0012198
https://doi.org/10.1016/j.parepi.2023.e00306
https://orcid.org/0000-0002-0999-0173

Toxoplasma gondii Infection among Pregnant Women in Mukalla City, Hadhramout, Yemen: Factors Associated with

Pages 287-297
Seroprevalence

“« o -
dmu.

AL A el Jal gadl s pand) o ga puan MSal) Aigda (& Jal gadl pladl) (p Cila giall 213 (5 g

laal)

Ja 5l g lrlag dakilh o g 5l) dsans ol sualy Ll ) o gigall R0 9 o 35l dulal o) "2 asaa oy dlie
Trla el 83,9 5

L}A.A_M ‘Qy)@;@\;‘e)u|%ﬁgzw\e)heﬁl
OA:\.‘\ (R clﬂ;)])m\jeju\@bsw\ejﬂbgu\wAM\?M\AZ

e.binhameed@ust.edu s e.binhamiad@hu.edu.ye 5 AN 2 €asaa o dlie s Jiaall Ealy) *
2025 spammd 31 B /2025 spaewd 25 165 JB /2025 saswd 05 1 alicd

uadlal)

¢l Gl 8 Lay il gall (e dir 5 Ao same canay (315 ¢Apai il A i) Jaila Lganasy ) il V) (ial yel sl g il il ¢l
i Bl Ala e o8 5l 5aY sl s ol cpial) 8l s ) (g2 8 Lae (g saell 1A QL) Chamy 38w 51 Jilad) Jadasl) el Capa
Lpde & ol gall elual) o 2 gl A gl Jaida (5 0my Adasi el 5y shaddl Jal s 5 adll HLEGYT Jae a3 1) Gl ) o8
Salsall sluill Jamasi 2 1 g g OISl Apde (82022 i () e (o Al Tpaaia Al j0 cy al Gasl) e g0 juan /SIS
L) e ganall g e laia¥) Clilad) pen a3 Aulall 8 A gill 5 elul) Gl el Cilibie & Wle 405 13 om o lael 75l 55 5l
O RSl (e liall Lol e gile g SI and) lias jlial ol jal &5 haind B (e 4S e JST4 j ) bl 5 Angall Jal 52l
sabiadll lua¥) (e Cadsll Ladill il siall 6135 ¢1gG g 58 Babiaall slua¥) (e CadSll (alSll il siall 613 a3 g Baliadll sluaY)
i cilS @S jLie 104 Ox 0o Adbaall Aplag¥l Adad jall 5 ) shaall Jal eyl s sl laas¥) Jilas alasial &5 IgM ¢ 58
%10.6 5 IgM g 55 8abiaall ala ¥l il ol Lain «%46.2 53 dala) 2 58l) A ial) Juilal 3305l |G g 55 Balaal) pluaY)
saliaall plua U s HLil Jana Slef Gle 30520 o op el 7 5l i 5O S jliiall @ jedal 85 dpaa 40 Ala) ) s
«(OR =4.449, Cl: 1.311-15.093, p = 0.017) 4l daada¥) J5lii o) jusiall galal a5l jlaniV) Qs ye Bl IgM s 19G
OR =2.858, Cl: ) Lkl 3l e el Galaill 5 ((OR = 3.929, Cl: 1.143-13.502, p = 0.030) Lkl po yiluall (ulaill
It o il aaaial) Jalasll ST 5 G ) s el il Jumal) Gy G gine Unlii ) o)) (0.967-8.449, p = 0.058
S Ll (s A sil) s gl Jaila LEGY aga 5035 dale S (AOR = 4.428, Cl: 1.249-15.698, p = 0.021) 4l Zaakl)
slasil) (2 a3 ylad g i) ) oo Lae cilaiall a5 (3l e 5 i 350 gl A giall Jada o ) Al ) il i Al Hall 8
Gl sl ddledile ) A agie pand o] pY daledala dln (aad) o dldiaall 4o ol ) sall il laYl Jal sal)
Asall Ao gl S s g sladll (al el cilale

3oshall Jalse ¢daall (ol gall elusil) ¢ Loaall LIy ¢ gl il siall ¢l dzalidal) cilalsl)

How to cite this article:

E. Bin-Hameed, O. Bawzeer, J. Al-Muhtdi, R. Basreeh, S. Alyazedi, F. Bahah, N. Ba-yazed, and W. Bamerdah,
“TOXOPLASMA GONDII INFECTION AMONG PREGNANT WOMEN IN MUKALLA CITY, HADHRAMOUT,
YEMEN: FACTORS ASSOCIATED WITH SEROPREVALENCE”, Electron. J. Univ. Aden Basic Appl. Sci., vol. 6, no.
4, pp. 287-297, Dec. 2025. DOI: https://doi.org/10.47372/ejua-ba.2025.4.481

Copyright © 2025 by the Author(s). Licensee EJUA, Aden, Yemen. This article is an open access article
distributed under the terms and conditions of the Creative Commons Attribution (CC BY-NC 4.0)
license.

EJUA-BA | December 2025 297


https://doi.org/10.47372/ejua-ba.2025.4.481

