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Abstract ARTICLE INFO
Background. Toxoplasma gondii is an obligate intracellular protozoan parasite that
causes toxoplasmosis worldwide. Primary infection during pregnancy may result in
miscarriage, fetal death, or congenital toxoplasmosis with severe fetal Keywords:
complications. Toxoplasma gondii
Objective. This study aimed to investigate the association between acute 7. gondii Toxoplasmosis
infection and spontaneous abortion among women in Sana'a, Yemen. IgM antibodies
. Spontaneous abortion

Methods. A case-control study was conducted from March 2017 to March 2018 in Pregnancy
selected hospitals and health centers in Sana'a City. Serum samples were collected Y

. . . emen
from 90 women with spontaneous abortion (cases) and 90 women with normal
pregnancy (controls). Acute 7. gondii infection was assessed by detecting anti-T.
gondii IgM antibodies using electrochemiluminescence immunoassay (ECLIA).
Sociodemographic, obstetrical, and potential risk-factor data were collected using a Article History

structured questionnaire and analyzed using SPSS.

Results. Anti-7. gondii IgM antibodies were detected in 4.4% (4/90) of women with
spontaneous abortion and in none of the controls. Although IgM seropositivity was
observed exclusively among cases, the difference was not statistically significant (P
= 0.12). No significant associations were identified between acute 7. gondii
infection and sociodemographic characteristics, reproductive history, or assessed
risk factors.

Conclusion. Acute 7. gondii infection was detected only among women with
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spontaneous abortion; however, no statistically significant association with o
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miscarriage was demonstrated in this study. Larger studies with adequate statistical
power are recommended to further evaluate the role of primary toxoplasmosis in
pregnancy loss.
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Introduction

Miscarriage (spontaneous abortion) is one of the most distressing problems affecting pregnant
women, particularly those who have not had a successful pregnancy (WHO, 2025). It is more
commonly observed in low-income societies and is considered an important family-related
problem. The miscarriage rate is 12% to 15% among women who know they are pregnant (Al-
Hakami et al., 2020). In the general reproductive population, miscarriage is a common
occurrence, affecting approximately 30% to 50% of all conceptions, whereas only 15% to 25%
are clinically recognized as spontaneous abortions before the 20th week of gestation or when
fetal weight is below 500 g (Bakir et al., 2025). Several factors are associated with spontaneous
abortion, including infectious factors, and congenital infections are considered among the most
important causes of abortion (Kostova et al., 2023). Recent studies have shown that microbial
factors, such as Toxoplasma gondii (T. gondii), may be associated with spontaneous abortion
(Dafallah and Abdallah, 2023).

T. gondii is an obligate intracellular protozoan parasite capable of infecting all warm-blooded
species, including humans. It is distributed worldwide and is estimated to infect one-third of the
world’s population, although most infections are asymptomatic (Mehdar et al., 2025). T. gondii
causes toxoplasmosis, one of the most common parasitic infections, which may result in
miscarriage or severe damage to the embryo and fetus, such as stillbirth and congenital
abnormalities (Mocanu et al., 2022). Only 10%—-20% of patients with toxoplasmosis present with
symptoms, which may include lymphadenopathy, persistent myalgia, low-grade fever, malaise,
night sweats, sore throat, and retinochoroiditis (Farouk et al., 2020).

Research addressing the association between acute 7. gondii infection and miscarriage among
Yemeni women remains scarce. This study aimed to determine the association between
Toxoplasma IgM antibodies and miscarriage and to examine certain risk factors that may play a
role in inducing spontaneous abortion.

Materials and Methods

Study Design and Samples Size

A descriptive case-control study was conducted between March 2017 and March 2018. A total of
180 samples for both aborted women (case group) and normal pregnancy women (control group),
with case-control ratio of 1.1, then the number of cases was 90 women with spontaneous abortion
and 90 control, normal pregnancy women.

Samples and Data Collection

Data were collected directly using a structured questionnaire designed for this study. The
questionnaire included all variables required for the analysis, including personal profile,
sociodemographic characteristics, obstetrical history, symptoms, selected risk factors, previous
diagnosis, and knowledge and health awareness.
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Blood samples were collected from five hospitals and three health centers and clinics in Sana'a
city, namely Al-Thawra Modern General Hospital, Al-Sabeen Maternity and Child Hospital, Al
Gumhouri Teaching Hospital, The Specialized Mother Hospital, The Woman and Child Hospital,
Al-Zahrawi Center, Al-Zahra'a Center, and Dr. Al-Salami Saba Clinic.

A 5 mL blood sample was collected from each consenting woman with miscarriage and each
pregnant woman by venipuncture and transferred into a sterile anticoagulant-free bottle. The
blood was allowed to clot, then centrifuged at 3000 rpm for 5 minutes, and the serum was
transferred into Eppendorf tubes.

Serological Testes

Serological assays were performed using the electrochemiluminescence immunoassay (ECLIA)
technique on the Cobas e411 system (Roche Diagnostics GmbH, Mannheim, Germany). Serum
samples of each participating woman were examined in vitro for the qualitative determination of
IgM antibodies for 7. gondii.

Statistical Analyses

The data obtained from the questionnaires and the laboratory analyses were analyzed using IBM
SPSS Statistics for Windows, version 25.0 (IBM Corp., Armonk, NY, USA). Categorical
variables were summarized as frequencies and percentages. Associations between categorical
variables were assessed using Pearson’s chi-square test or Fisher’s exact test when expected cell
counts were less than 5. Odds ratios (ORs) with 95% confidence intervals (Cls) were calculated
where applicable. All tests were two-sided, and p-values less than 0.05 were considered
statistically significant.

Results

Comparative of IgM antibodies of T. gondii between participant groups

In the present study, [gM antibodies to 7. gondii were considered evidence of primary infection.
They were detected in 4.4% (4/90) of the study group, whereas no IgM antibodies were detected
in the control group. However, the difference between the two groups was not statistically
significant (p = 0.12), indicating no significant difference between the groups with respect to 7.
gondii infection (Table 1).

Table 1. Comparative percentages of IgM antibodies to 7. gondii in sera of participants women.

Study group Control group
1 p-value
(90 cases) No. (%) (90 cases) No. (%)
T. gondii IgM positive 4 (4.4%) 0 (0.0%)
4.09 0.04"
T. gondii IgM negative 86 (95.6%) 90 (100.0%)
Total 90 (100.0%) 90 (100.0%)

x>, Chi square (> 3.9 significant); p- value, Probability value (<0.05 significant); *, Fisher's exact test.
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Distribution of T. gondii IgM antibodies according to the sociodemographic and
obstetrical characteristics of participating women

Table 2 presents the distribution of 7. gondii IgM positivity among the 90 participating women
according to their sociodemographic and obstetrical backgrounds. Overall, only four women
tested positive, giving a total seroprevalence of 4.4%.

By age, the positive cases were distributed as follows: 1 out of 32 women (3.1%) in the 16-25
years group, 2 out of 46 (4.3%) in the 26-35 years group, and 1 out of 12 (8.3%) in the 3645
years group. Although the oldest group showed the highest percentage, the difference was not
statistically significant (p = 0.75).

Regarding education, all positive cases were found only among women with lower levels of
schooling. The seropositivity rate was 6.1% (2/33) among illiterate women and 6.7% (2/30)
among those with primary education, while no positive cases were detected among women with
secondary, diploma, or university education. This pattern also lacked statistical significance (p =
0.77).

Looking at obstetrical variables, all four positive cases occurred in the missed abortion group,
giving a rate of 5.3% (4/76), with no positives among threatened or complete abortion cases.
Regarding gestational age, positivity was 4.1% (2/48) in the first trimester and 4.8% (2/42) in the
second trimester. Neither of these associations reached statistical significance (p = 0.68 and p =
0.89, respectively).

For recurrent miscarriage, the seropositivity rate was 8.3% (1/12) among women with RMC
compared to 3.8% (3/78) among those without. However, this difference was not statistically
significant either (p = 0.48). In summary, none of the examined variables showed a significant
association with 7. gondii IgM seropositivity.

Distribution of T. gondii IgM antibodies according to some risk factors

Table 3 examines the association between 7. gondii IgM positivity and selected risk factors. For
blood transfusion, none of the nine women with a transfusion history tested positive (0.0%),
compared to four positive cases among the 81 without (5.0%), though the difference was not
significant (p = 0.50). For animal care, two positive cases were found among the 36 women with
animal contact (5.6%) and another two among the 54 without (3.7%), with no significant link (p
=0.67).

Regarding partner relationship, the seropositivity rate was 4.5% (2 out of 44 women) among
those who reported having a regular relationship with their partners, compared to 4.3% (2 out of
46 women) among those who did not. The two percentages were nearly the same, and the
statistical test gave a p-value of 0.96, which clearly indicates that this particular factor had no
notable or meaningful influence on IgM positivity within this study group.
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Table 2. Distribution of IgM antibodies to 7. gondii among the study group according to
sociodemographic and obstetrical characteristics
T. gondii IgM

Variable Total Positive Negative 1 p-value
No. (%) No. (%) No. (%)

Age group (Years)

16-25 32 (35.6) 1(3.1) 31 (96.9)

26-35 46 (51.1) 24.3) 44 (95.7) 0.56 0.75°

36-45 12 (13.3) 1(8.3) 11 (91.7)

Education level group

literate 33 (36.7) 2 (6.1) 31(93.9)

Primary 30 (33.3) 2 (6.7) 28 (93.3)

Secondary 15 (16.7) 0 (0.0) 15 (100.0) 1.80 0.77°

Diploma 2(2.2) 0 (0.0) 2 (100.0)

University 10 (11.1) 0 (0.0) 10 (100.0)

Abortion type

Threatened 4(4.4) 0(0.0) 4 (100.0)

Missed 76 (84.5) 4(5.3) 72 (94.7) 0.77 0.68"

Complete 10 (11.1) 0 (0.0) 10 (100.0)

Gestational age (Trimester)

First 48 (53.3) 2 (4.1) 46 (95.9) .

Second 42 (46.7) 2 (4.8) 40 (95.2) 001 089

Recurrent miscarriage (RMC)

Yes 12 (13.3) 1(8.3) 11(91.7) i

No 78 (86.7) 3(3.8) 75 (96.2) 049 048

Total 90 (100.0%) 4 (4.4) 86 (95.6)

X’ Chi square (> 3.9 significant).
p- value, Probability value (<0.05 significant)

" Fisher's exact test
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Table 3. Seroprevalence of I[gM antibodies to 7. gondii according to selected risk factors
T. gondii IgM
Variable Total Positive Negative 12 p-value
No. (%) No. (%) No. (%)

Blood Transfusions

Yes 9(10.0) 0(0.0) 9 (100.0) .
0.46 0.50

No 81 (90.0) 4(5.0) 77 (95.0)

Animals care

Yes 36 (40.0) 2(5.6) 34 (94.4) i
0.17 0.67

No 54 (60.0) 23.7) 52 (96.3)

Relationship between pair

Yes 44 (48.9 245 42 (955

(45:9) () ©3-2) 0.002 0.96"
No 46 (51.1) 24.3) 44 (95.7)
Total 90(100.0%) 4 (4.4 86 (95.6)

1, Chi square (> 3.9 significant).
p- value, Probability value (<0.05 significant)
* Fisher's exact test

Discussion

The primary finding of this case-control study was the detection of Toxoplasma gondii-specific
IgM antibodies in 4.4% (4/90) of women with miscarriage, compared to 0.0% in the control
group. Although this indicates a higher prevalence among cases, the difference was not
statistically significant (Fisher's exact test, p = 0.12). Consequently, our data do not support a
significant association between acute toxoplasmosis and spontaneous abortion in this cohort of
Yemeni women. This result suggests that, in this specific population, primary 7. gondii infection
may not be the predominant infectious trigger for pregnancy loss, directing attention toward other
etiological factors, particularly other members of the TORCH complex. The occurrence of
spontaneous abortion, despite the absence of a significant association with acute T.
gondii infection, may reflect the involvement of other congenital infectious agents, which
warrants a broader epidemiological investigation.

The lack of a significant link between acute toxoplasmosis and miscarriage in our study prompts
a critical evaluation of the relative contribution of other TORCH infections in the Yemeni
context. Recent regional seroepidemiological studies provide compelling evidence to support this
notion. For instance, Al-Thobhani et al. (2023) investigated rubella virus among pregnant women
in Hodeidah, western Yemen, and reported a high IgG seroprevalence (89.2%), indicative of
endemicity, but a low rate of acute/recent infection (IgM positivity, 2.0%). Crucially, their
analysis, similar to ours, found no statistically significant association between rubella
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seropositivity and various sociodemographic or obstetric characteristics. This parallel suggests
that acute rubella infections are also relatively infrequent and may not be the primary driver of
acute miscarriage in these communities. Conversely, the study by Al-Bana et al. (2021) on herpes
simplex virus type 2 (HSV-2) among pregnant women in Dhamar, Yemen, revealed a markedly
different pattern. While the overall seroprevalence was low (6%), HSV-2 infection demonstrated
statistically significant associations with adverse obstetric outcomes, including previous abortion
(P=0.03) and stillbirth (P = 0.001). This stark contrast suggests that HSV-2 might be a more
potent and prevalent infectious risk factor for pregnancy loss in Yemen than acute 7. gondii or
rubella. Furthermore, regarding cytomegalovirus (CMV), Al-Arnoot et al. (2020) found that
while 96.9% of pregnant women in Hodeidah were CMV-IgG positive (indicating past exposure),
the rate of primary infection (IgM positive) was only 1.8%, aligning with the generally low
incidence of acute primary TORCH infections observed in our study. Collectively, these local
findings highlight the etiological heterogeneity of TORCH infections and strongly suggest that
public health strategies in Yemen should prioritize a comprehensive screening approach, with
particular emphasis on HSV-2, rather than focusing solely on toxoplasmosis.

Our findings are consistent with several international reports that similarly failed to demonstrate a
statistically significant association. For example, Ghasemi et al. (2016) reported IgM
seropositivity rates of 2.7% in cases and 0.9% in controls in Tehran, Iran, which were remarkably
close to our results and were also non-significant. This similarity across different geographic
regions may reflect the generally low incidence of primary toxoplasmosis during pregnancy in
populations with moderate seroprevalence. However, our results diverge from those of other
studies, even within the same city of Sana'a. Alsaide et al. (2019) reported a significantly higher
IgM prevalence among women who had an abortion (11%) than in the control group (1%) in
Sana'a (P < 0.05). This discrepancy might be attributed to differences in study periods, sampling
techniques, or the specific diagnostic platforms used. Moreover, in Sudan, Mohamed et al.
(2017) paradoxically observed a higher IgM prevalence in the control group (5.6%) than in the
case group (3.9%), although the difference was not significant. Conversely, in Iran, Kheirandish
et al. (2019) found a significantly higher IgM prevalence in the study group (3.3%) than in the
control group (0.4%), with a substantial odds ratio (OR = 10.266, P = 0.019). These conflicting
international data underscore the notion that the association between acute toxoplasmosis and
miscarriage is highly context-dependent and influenced by local hygiene practices, dietary habits,
and circulating parasite genotypes.

Regarding sociodemographic characteristics, our study found no significant association
between 7. gondii IgM seropositivity and age groups (P = 0.12), although a slight increase in
seroprevalence was observed with advancing age (from 3.1% in the 1625 age group to 8.3% in
the 3645 age group). This age-related trend likely reflects cumulative lifetime exposure to the
parasite and is consistent with previous local studies, such as Alkhali et al. (2015) in Sana'a, and
international reports from Iraq by Bakir et al. (2025)and Iran by Arbabi et al. (2025).
Conversely, this contrasts with Al-Eryani et al. (2016)in Sana'a, who reported higher
seropositivity among younger pregnant women. Similarly, we observed no significant association
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between IgM seropositivity and educational level (P = 0.77). Although positive cases were
exclusively found among illiterate (6.1%) and primary-educated (6.7%) women, with none
among secondary, diploma, or university graduates, this trend did not reach statistical
significance, likely due to the very low number of IgM-positive cases. This trend aligns
with Alkhali et al. (2015) and Alkadasi et al. (2016) in Ibb, Yemen, supporting the hypothesis
that lower educational attainment may correlate with reduced health literacy and higher exposure
to traditional risk factors, although the small sample size precludes a definitive conclusion.

While our study assessed educational level as a proxy for socioeconomic status, it did not directly
measure maternal health awareness. However, the findings of Al-Arnoot et al. (2027) on CMV
are highly instructive in this context, as they explicitly reported that all (100%) of the anti-CMV
IgG seronegative pregnant women who were thus highly susceptible to primary infection were
entirely unaware of CMV or the associated risks during pregnancy. This profound lack of
awareness is a critical and often underestimated risk factor for all TORCH infections, including
toxoplasmosis. In our study, seropositivity was concentrated among women with lower
educational levels, who typically have limited access to health education. It is plausible that
inadequate knowledge about transmission routes, such as handling raw meat, gardening without
gloves, or contact with cat feces, contributes to exposure, even if acute infection does not always
result in abortion. Therefore, the absence of a direct statistical link in our study does not negate
the potential value of targeted health awareness campaigns, as public health interventions aimed
at educating women about general hygiene and the nature of TORCH infections remain
imperative.

In our analysis of obstetric history, all four IgM-positive cases were observed among women with
a missed abortion (5.3%), with no seropositivity among those with a threatened or complete
abortion. Although this difference was not significant (P = 0.68), this finding suggests that 7.
gondii infection might be more associated with silent intrauterine fetal demise rather than active
vaginal bleeding or complete expulsion. This pattern is consistent with a study from Nepal
by Acharya et al. (2014), which also linked TORCH infections to missed miscarriages. Regarding
gestational age, we found comparable IgM positivity in the first (4.1%) and second (4.8%)
trimesters, without significant differences (P = 0.89). This aligns with Saif et al. (2014) in Taiz,
Yemen, but contrasts with Mohammad and Salman (2014) in Iraq, who reported a significant
association specifically with first-trimester losses. Regarding recurrent miscarriage (RMC),
although the prevalence of IgM was higher in women with RMC (8.3%) than in those without
(3.8%), the difference was not significant (P = 0.48). This is consistent with the findings
of Alkadasi et al. (2016)in Yemen and Elaadli et al. (2023) in Egypt. Some authors have
proposed that persistent or chronic toxoplasma infection could contribute to repeated losses;
however, our cross-sectional design and reliance on a single IgM measurement preclude the
assessment of such chronic reactivation.

Regarding the selected risk factors, our study found no positive IgM cases among the 10% of
women with a history of blood transfusion, corroborating the findings of Farouk et al. (2020) in
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Nigeria, which suggests that transfusion-acquired toxoplasmosis is not a common route of
infection in these settings. Similarly, animal care was not identified as a significant risk factor
(P =0.67). This finding aligns with that of Al-Hindi and Lubbad (2009) in Gaza and Mohamed et
al. (2017) in Sudan, who also failed to find a significant link between direct animal contact and
acute infection. However, it is important to note that the cross-sectional nature of our study and
the small number of seropositive cases limit the power to detect subtle associations, and many
women may practice animal care but also follow hygienic measures that were not captured in our
questionnaire.

Study limitations

This study has several limitations that must be considered. First, the reliance on IgM antibodies
alone, without confirmatory IgG avidity testing, may overestimate or misclassify recent
infections, as IgM can persist for months or even years after the initial infection. Second, the
relatively small sample size and the low number of IgM-positive cases (only four) drastically
reduced the statistical power to detect significant associations or to perform multivariate logistic
regression adjusting for confounders. Third, we did not screen for other TORCH agents within
the same cohort, which would have allowed for a comparative risk assessment. Fourth, the case-
control design cannot establish a temporal causal relationship; it only provides a snapshot of
serological status at the time of miscarriage.

Conclusions

According to the results of the present study, acute 7. gondii infection may not be the only
possible etiology of spontaneous abortion. In this study, 7. gondii was not significantly associated
with abortion. In addition, no significant association was found between primary 7. gondii
infection and any sociodemographic, reproductive, or possible risk factor.
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