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Abstract

Background: Toxoplasmosis poses a significant risk to pregnant women because of its potential for
vertical transmission to the fetus. This study aimed to evaluate the knowledge and preventive practices
of pregnant women regarding toxoplasmosis.

Methods: This cross-sectional study was conducted among 506 pregnant women attending urban
comprehensive health centers in Gorgan, northern Iran, between January 2023 and September 2024.
Participants were selected using a stratified multistage cluster sampling method. Data were collected
using a questionnaire with established validity and reliability. Statistical analyses were performed using
SPSS version 25. Data were analyzed using analysis of variance (ANOVA), the independent-samples
t-test, and Pearson's correlation coefficient. A p-value < 0.05 was considered statistically significant.

Results: A total of 506 pregnant women participated in the study. The mean maternal age was 26.79 +
6.89 years, the mean gestational age was 25.88 + 9.05 weeks, and the mean monthly household income
was 8.85 £ 6.44 million Iranian rials. Overall, 41.7% of participants demonstrated poor knowledge
regarding toxoplasmosis, and knowledge levels were predominantly poor to moderate, whereas 77% of
participants correctly answered the questions assessing preventive practices. Statistical analysis
revealed a significant positive correlation between maternal age and knowledge scores (r =0.123, p =
0.006), as well as between household income and practice scores (r = 0.10, p = 0.02). In other words,
higher household income was associated with better preventive practice scores. Multivariable
regression analysis identified maternal age (B = 0.09, p = 0.005) and household income (B =0.11, p =
0.002) as independent predictors of knowledge scores, while household income independently predicted
practice scores (B =0.06, p=0.01).

Conclusion: The findings of this study indicate that knowledge regarding toxoplasmosis among
pregnant women remains at a moderate to low level, whereas preventive practices are generally
satisfactory. Integrating targeted education on toxoplasmosis into routine antenatal care services may
represent an effective strategy for improving maternal and fetal health outcomes in endemic regions
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such as northern Iran.

Highlights
What is current knowledge?

e  Toxoplasmosis, caused by Toxoplasma gondii, affects nearly
one-third of the global population.

e  Maternal infection during pregnancy may result in severe fetal
complications, particularly neurological and ocular disorders.

e  Because maternal infection is often asymptomatic, improving
awareness and preventive behaviors among pregnant women is
essential.

What is new here?

e  The findings demonstrated that pregnant women in Gorgan,
Iran, had moderate knowledge regarding toxoplasmosis,
whereas their preventive practices were generally appropriate.

e  The discrepancy between knowledge and preventive practices
may reflect the influence of cultural hygiene behaviors and
community-based practices within the Iranian context.

Introduction

Toxoplasmosis is one of the most widespread zoonotic parasitic diseases
worldwide and is caused by the intracellular protozoan parasite
Toxoplasma gondii. It is estimated that nearly one-third of the global
population has been exposed to this parasite at some point in life,
making toxoplasmosis a major public health concern (1-4). Domestic

cats and other felids serve as the definitive hosts because they are the
only animals capable of shedding environmentally resistant oocysts in
their feces. The life cycle of Toxoplasma gondii comprises three major
infectious forms: rapidly replicating tachyzoites, which are responsible
for acute infection; bradyzoites, which persist within tissue cysts in
intermediate hosts such as humans and livestock; and environmentally
resistant oocysts, which may remain viable for several months under
favorable environmental conditions (1).

Humans typically acquire the infection through the ingestion of food
or water contaminated with oocysts, consumption of raw or
undercooked meat containing tissue cysts, or vertical transmission from
an infected mother to the fetus during pregnancy (2). Congenital
transmission occurs when tachyzoites cross the placental barrier,
potentially resulting in severe fetal and neonatal complications,
including chorioretinitis, hydrocephalus, intracranial calcifications, and
developmental delay (5,6). Evidence suggests that infections acquired
through the ingestion of oocysts may be more virulent than those
associated with tissue cyst consumption (7).

In immunocompetent individuals, clinical manifestations occur in
only 10-20% of cases, and diagnosis is commonly established through
the serological detection of specific IgM and IgG antibodies (1). Most
infections are asymptomatic or present with mild, nonspecific influenza-
like symptoms, such as fever, fatigue, myalgia, and lymphadenopathy,
which may resemble other infectious diseases, including Lyme disease,
Q fever, or viral illnesses such as mumps (8). Consequently, this
nonspecific clinical presentation often results in delayed diagnosis or
misdiagnosis (8).
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The prevalence of toxoplasmosis varies considerably across
geographical regions, ranging from 10% to 80%. In Iran, the prevalence
of toxoplasmosis has been reported to be 37% among various host
populations and 41.1% among pregnant women (9,10). Lower
prevalence rates have been reported in Southeast Asia, North America,
and Northern Europe, whereas higher rates have been observed in
tropical regions of Africa and Latin America (11). Furthermore, the
prevalence of infection tends to increase with age (12). Pregnant women
and immunocompromised individuals are at greater risk of developing
severe complications associated with toxoplasmosis. Transmission may
also occur through blood transfusion from asymptomatic infected
donors (13).

Tissue cysts present in contaminated meat can be effectively
destroyed through appropriate cooking or freezing procedures. Cooking
meat to an internal temperature of at least 67°C or freezing it at -13°C
has been shown to inactivate Toxoplasma gondii (14).

In Iran, studies on this topic remain limited, and most have focused
on the seroepidemiology of toxoplasmosis among pregnant women.
Nayebzade et al. assessed awareness of toxoplasmosis among 1,192
pregnant women in Qom, Shiraz, and Khorramabad and reported
generally poor awareness across all three cities. Specifically, 93% of
participants in Khorramabad, 87.5% in Shiraz, and 85.5% in Qom
lacked adequate knowledge of the disease (15). Similarly, Mostafavian
et al. reported that 83.2% of pregnant women had insufficient
knowledge regarding toxoplasmosis, indicating an overall low level of
awareness (16).

Given the potentially serious consequences of toxoplasmosis for
fetuses and infants born to infected mothers, assessing awareness and
preventive practices among high-risk populations is essential.
Therefore, the present study aimed to evaluate the knowledge and
preventive practices of pregnant women regarding toxoplasmosis, its
routes of transmission, and preventive measures.

Methods

This cross-sectional study was conducted among 506 pregnant
women attending urban comprehensive health centers in Gorgan,
Iran, between January 2023 and September 2024. The sample size
was calculated assuming a standard deviation (o) of 4 for pregnant
women's knowledge scores regarding toxoplasmosis, a 95%
confidence level (a = 0.05), and a precision of d = 0.5, using the
following formula:

d2

The initial sample size was estimated at 246 participants.
Because cluster sampling was employed, a design effect of 1.5 was
applied, resulting in a required sample size of 369 participants.
However, to obtain more accurate and comprehensive data, a total
of 506 participants were ultimately included in the analysis,
consistent with the sample size used in the study by Mostafavian et
al. (16). Participants were selected using a stratified multistage
cluster sampling method. First, the city of Gorgan was divided into
three geographical strata (Northern, central, and southern districts).
From each stratum, five urban comprehensive health centers were
randomly selected to ensure representation across different
socioeconomic areas. The number of participants recruited from
each center was proportional to the size of the pregnant population
served by that facility. Within each selected health center, the
sampling frame consisted of all pregnant women with active
prenatal care records who met the inclusion criteria. Eligible
participants were then selected using systematic random sampling.
A random starting point was chosen, after which every kth
individual (Where k = the total number of registered pregnant
women at the center divided by the required sample size for that
center) was selected until the desired sample size was achieved.
This procedure ensured a random and unbiased selection of
participants from each health center.

The inclusion criteria were literacy, having an active prenatal
care record at one of the selected health centers, and willingness to
participate in the study. The exclusion criteria included inability to
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understand the questionnaire items and formal education in medical
sciences, which might have introduced bias because of prior
knowledge of the subject.

To assess participants' knowledge and preventive practices
regarding toxoplasmosis, the questionnaire developed by
Mostafavian et al. was used (16). The final instrument consisted of
demographic questions and knowledge items with three response
options ("Yes," "No," and "Not sure"). The knowledge items were
categorized into four domains: general information about
toxoplasmosis (4 items; questions 3-6), disease risk factors (5
items; questions 7-11), symptoms and complications (5 items;
questions 12-16), and preventive measures (4 items; questions 17-
20). In addition, five items (questions 21-25) assessed participants’
preventive practices.

Each correct response received one point, whereas incorrect and
"Not sure" responses received zero points. Knowledge levels were
classified as poor (<33% correct responses), moderate (33-66%), or
good (>66%). In the present study, 77% of participants answered
the practice-related questions correctly.

The validity of the questionnaire, including face and content
validity, had previously been established by a panel comprising two
specialists in social medicine and two specialists in infectious
diseases (16). Reliability was evaluated using Cronbach's alpha in
a pilot study involving 20 participants. The overall Cronbach's
alpha coefficient was 0.93, indicating excellent internal
consistency. The Cronbach's alpha coefficients for the subscales
were 0.79 for general information, 0.79 for risk factors, 0.77 for
symptoms and complications, and 0.75 for prevention methods.

Statistical analysis

Following data collection, the data were entered into IBM SPSS
Statistics version 25 for analysis. Descriptive statistics were used
to summarize the data. Measures of central tendency (Mean and
median) and dispersion (Standard deviation and range) were
calculated for continuous variables, whereas frequencies and
percentages were calculated for categorical variables.

Before conducting inferential analyses, data normality was
assessed using the Kolmogorov—Smirnov test. For normally
distributed variables, appropriate parametric tests were applied
according to the study objectives. One-way analysis of variance
(ANOVA) was used to compare means among independent groups,
two-way ANOVA was used to examine the effects of two
independent variables and their interaction, and Pearson's
correlation coefficient was used to assess linear relationships
between continuous variables.

Subsequently, univariate and multivariable linear regression
analyses were performed to identify independent predictors of the
outcome variables. Variables demonstrating statistically significant
associations in the bivariate analyses (Maternal age and household
income), together with variables considered theoretically relevant
(Educational level and occupation), were entered into the
multivariable regression model for knowledge scores.

For variables that were not normally distributed, appropriate
nonparametric tests were applied. A two-sided P value < 0.05 was
considered statistically significant for all analyses.

Results

A total of 506 pregnant women participated in this study. The
quantitative demographic characteristics of the participants were as
follows: the mean maternal age was 26.79 + 6.88 years (Range: 15-50
years), the mean gestational age was 25.88 + 9.04 weeks (Range: 5-40
weeks), the mean number of pregnancies was 2.08 + 1.18 (Range: 0-8),
and the mean number of previous abortions was 0.27 + 0.58. Regarding
educational attainment, 190 participants (37.5%) had elementary
education, 176 (34.8%) had completed high school, and 140 (27.7%)
held a diploma or higher academic qualification. With respect to
occupation, 334 women (66.0%) were housewives, 93 (18.4%) were
students, 33 (6.5%) were employed, and 46 (9.1%) were self-employed.
Regarding obstetric history, 362 participants (71.5%) were in their first
or second pregnancy, while 397 (78.5%) reported no history of abortion.
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The mean score for the 23 knowledge items was 11.14 + 5.10
(Range: 0-23). The first two questionnaire items assessed preventive
behaviors rather than knowledge. Specifically, 58 participants (11.5%)
reported having previously read educational materials about
toxoplasmosis, whereas only 19 (3.8%) reported having undergone
serological testing for toxoplasmosis. These behavioral items were
excluded from the calculation of the knowledge score but were
completed by all participants.

The 23 knowledge items were classified into five domains.
Preventive practice yielded the highest mean score (77.0%), while
general information, disease risk factors, and symptoms/complications
demonstrated comparatively lower levels of knowledge (Tables 1 and
2).

Participants' knowledge assessment

The mean total knowledge score (Maximum score = 23) was 11.14 +
5.10 (Range: 0-23). Based on the predefined classification criteria
(Poor: <33%, Moderate: 33-66%, and Good: >66%), most participants
(228; 45.1%) demonstrated a moderate level of knowledge, followed by
211 (41.7%) with poor knowledge and 67 (13.2%) with good
knowledge. Overall, 86.8% of participants had poor to moderate
knowledge regarding toxoplasmosis.

The association between occupation and knowledge score was
assessed using one-way ANOVA, which showed no statistically

55

arEN, ACCESS

significant differences among occupational groups (F = 0.006, P =0.99).
Similarly, the association between occupation and knowledge categories
(Poor, moderate, and good) was examined using the chi-square test,
which also showed no statistically significant association (P=0.53). The
highest proportions of poor and moderate knowledge were observed
among housewives, followed by students and self-employed
participants, whereas employed women exhibited the lowest proportion
of poor knowledge. The proportion of participants with good knowledge
was 13.4% among housewives, 11.8% among students, 21.2% among
employed women, and 8.7% among self-employed women.

Following categorization of the study variables, one-way ANOVA
demonstrated that maternal age and household income were
significantly associated with knowledge scores (P < 0.05). Participants
aged 25 years or older had significantly higher knowledge scores than
younger participants. In contrast, gestational age, number of
pregnancies, number of abortions, occupation, and educational level
were not significantly associated with knowledge scores (Table 3).

Participants' practice scores

Maternal age, gestational age, educational level, household income,
number of pregnancies, and number of abortions were normally
distributed according to the Kolmogorov—Smirnov test (P < 0.001).
Accordingly, Pearson's correlation coefficient was used to examine their
associations with practice scores.

Table 1. Frequency distribution of responses to toxoplasmosis knowledge questions in pregnant women (n = 506)

Section Questions Correct answer Incorrect answer
N (%) N (%)
Is toxoplasmosis an infectious disease? 141 (27.9) 365 (72.1)
General information Does toxoplasmosis result from poisoning? 45 (8.9) 461 (91.1)
Is the toxoplasmosis parasite present in the stool of infected cats? 237 (46.8) 269 (53.2)
Can toxoplasmosis be present in raw or undercooked meat? 223 (44.1) 283 (55.9)
Can you get toxoplasmosis by coming in contact with cat feces? 276 (54.5) 230 (45.5)
Can you get toxoplasmosis by eating undercooked meat? 202 (39.9) 304 (60.1)
Disease risk factors Can you get toxoplasmosis by drinking contaminated water? 191 37.7) 315 (62.3)
Can you get toxoplasmosis by gardening without gloves? 110 (21.7) 396 (78.3)
Can you get toxoplasmosis through blood transfusion? 153 (30.2) 353 (69.8)
Can toxoplasmosis cause miscarriage in pregnant women? 238 (47) 268 (53)
Can toxoplasmosis cause severe complications in the fetus or newborn? 193 (38.1) 313 (61.9)
Symptoms and Can toxoplasmosis cause fever and flu-like symptoms in pregnant women? 184 (36.4) 322 (63.6)
complications of the disease Can toxoplasmosis be asymptomatic in pregnant women? 89 (17.6) 417 (82.4)
Is toxoplasmosis transmitted to the fetus onlyqif it has recently developed during 117 (23.1) 389 (76.9)
pregnancy?
Is avoiding stray cats one way to prevent toxoplasmosis? 295 (58.3) 211 (41.7)
Is cooking meat well to the point of not being juicy and lpsing its pink color one of 293 (57.9) 213 (42.1)
the ways to prevent toxoplasmosis?
Ways of prevention Is washing and peeling fruits and vegetables beforg consumption one of the ways to 303 (59.9) 203 (40.1)
prevent toxoplasmosis?
Is cleaning the cutting board and cooking utensils gfter each use one of the ways to 320 (63.2) 186 (36.8)
prevent toxoplasmosis?
Table 2. Frequency distribution of responses to toxoplasmosis practice questions among pregnant women (n = 506)
Questions Yes No
n (%) n (%)

Do you usually wash your hands after gardening? 487 (96.2) 19 (3.8)

Do you wash your hands if you come in contact with a cat? 467 (92.3) 39(7.7)

Do you wash your hands after handling raw meat? 492 (97.2) 14 (2.8)

Do you wash your hands before eating? 434 (85.8) 72 (14.2)

Do you eat raw or semi-cooked (juicy) meat or liver? * 72 (14.2) 434 (85.8)

*Reverse-scored item: For this question, "No" is the correct answer (Indicating appropriate preventive practice).
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Among these variables, only household income demonstrated a
statistically significant positive correlation with practice score (r = 0.10,
P =0.02), indicating that higher household income was associated with
better preventive practices. No statistically significant correlations were
observed between practice scores and the remaining variables (P > 0.05)
(Table 4).

Comparison of practice
demographic categories

The association between occupation and practice score was examined
using one-way ANOVA, which revealed no statistically significant
differences among occupational groups (F = 2.15, P =0.09).

The relationships between practice scores and the four knowledge
domains were subsequently evaluated using Pearson's correlation
coefficient. Practice score was not significantly associated with
knowledge related to general information or disease risk factors (P >
0.05). However, significant positive correlations were observed between
practice score and knowledge of symptoms and complications (r=0.11,
P <0.001), as well as knowledge of preventive measures (r = 0.09, P =
0.03).

When demographic variables were categorized and analyzed using
one-way ANOVA, none of the examined factors-including maternal age,
gestational age, household income, number of pregnancies, number of
abortions, occupation, and educational level-showed statistically
significant associations with practice scores (P > 0.05).

Similarly, in the adjusted multivariable linear regression model,
none of the sociodemographic variables, including maternal age,
gestational age, number of pregnancies, number of abortions,
occupation, or educational level, were independently associated with
preventive practice scores (P > 0.05) (Table 4). However, multivariable
regression analysis demonstrated that household income and maternal
age were independent predictors of knowledge scores, whereas

scores across occupational and
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household income and knowledge score independently predicted
preventive practice scores. No statistically significant associations were
observed for gestational age, number of pregnancies, number of
abortions, occupation, or educational level.

Association between knowledge and practice scores

Both knowledge and practice scores were normally distributed
according to the Kolmogorov—Smirnov test (P < 0.01). Pearson's
correlation analysis demonstrated a statistically significant positive
correlation between knowledge and practice scores (r =0.10, P=0.01),
indicating that higher levels of knowledge were associated with better
preventive practices (Table 5).

The multivariable regression model for knowledge score showed
that maternal age (B = 0.09, 95% CI: 0.03-0.15, P = 0.005) and
household income (B = 0.11, 95% CI: 0.04-0.18, P = 0.002) remained
statistically significant independent predictors. After adjustment for
other variables, each one-year increase in maternal age was associated
with a 0.09-point increase in knowledge score, whereas each one-
category increase in household income was associated with a 0.11-point
increase in knowledge score. In contrast, educational level (P = 0.48)
and occupation (P = 0.78) were not independently associated with
knowledge score.

For practice score, the multivariable regression model demonstrated
that household income (B = 0.06, 95% CI: 0.01-0.11, P =0.01) was the
only significant independent predictor. Maternal age (P = 0.64),
educational level (P = 0.31), and occupation (P = 0.92) were not
significantly associated with practice score after adjustment for other
variables. Notably, when knowledge score was entered into the model
as an independent variable, it also demonstrated a significant positive
association with practice score (B = 0.02, 95% CI: 0.01-0.03, P=0.01),
confirming the bivariate finding that greater knowledge predicts better
preventive practice.

Table 3. Association between demographic/pregnancy characteristics and knowledge scores (n = 506)

Variable Category n Mean £ SD Min-Max Test Statistics P-value

<24 207 6.42 £5.09 0-18

Mother's Age (Years) t=2.78 0.006
>25 299 7.63 £4.64 0-17
First trimester 53 6.26 £4.43 0-13

Gestational Age Second trimester 146 7.18 +5.09 0-18 F=1.05 0.351
Third trimester 307 726 +4.82 0-17
One 191 6.71£5.12 0-18

Number of Pregnancies Two 171 7.44 £4.75 0-17 F=0.78 0.459
Three to Eight 144 7.33£4.63 0-16
Zero 397 7.02+491 0-18

Number of Abortions One 88 7.65+4.73 0-16 F=0.34 0.712
Two to Four 21 7.10+4.61 0-15
Housewife 334 7.13+£4.79 0-16
Student 93 6.66 +4.95 0-15

Occupation F=2.58 0.053
Employee 33 9.06 +4.94 0-17
Self-employed / Free 46 6.72 +4.99 0-18
Elementary 190 7.30 £ 4.65 0-16

Education Level High school 176 6.94 +5.00 0-18 F=0.46 0.632
Diploma and above 140 7.16 £4.99 0-17
<10 20 9.20+4.49 0-16
Household Income 10-50 128 6.68 £ 4.90 0-16

(Million Riyals) 50-100 248 7.88 % 4.64 0-18 o 0.002
> 100 110 7.12£5.01 0-17

SD = Standard Deviation. For binary variables (Mother's age), an independent samples t-test was used. For variables with >3 categories, one-way ANOVA was

applied. Statistically significant P-values (p < 0.05) are shown in bold.
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Table 4. Association between demographic/pregnancy characteristics and practice scores (n = 506)

Variable Category n Mean + SD Min-Max Test Statistics P-value

<24 207 3.86£0.78 0-5

Mother's Age (Years) t=0.04 0.96
>25 299 3.86+0.71 0-5
First trimester 53 3.81+0.68 0-5

Gestational Age Second trimester 146 3.84+0.70 0-5 F=0.27 0.76
Third trimester 307 3.88+0.77 0-5
One 191 3.91+0.69 0-5

Number of Pregnancies Two 171 3.86+0.68 0-5 F=098 0.37
Three to Eight 144 3.79+0.85 0-5
Zero 397 3.88+0.73 0-5

Number of Abortions One 88 3.76 £0.76 0-5 F=092 0.39
Two to Four 21 3.86+0.73 2-5
Housewife 334 3.86 £0.74 0-5
Student 93 3.86 £ 0.69 0-5

Occupation F=0.006 0.99
Employee 33 3.85+0.80 0-5
Self-employed / Free 46 3.87+0.81 0-5
Elementary 190 3.83+0.74 0-5

Education Level High school 176 3.83+0.78 0-5 F=0.46 0.62
Diploma and above 140 3.94+0.67 0-5
<10 20 3.60+1.10 0-5
: 10-50 128 3.58+£0.71 0-5

H((l)‘l’}fle‘:l:;dl‘l:;zige 50-100 248 3.85+0.74 0-5 o 010
> 100 110 3.95+0.65 1-5

SD = Standard Deviation. For binary variables (Mother's age), an independent samples t-test was used. For variables with >3 categories, one-way ANOVA was
applied. No statistically significant differences were observed in practice scores across any of the demographic categories (P > 0.05 for all comparisons).

Table 5. Knowledge and practice scores regarding toxoplasmosis among pregnant women (N = 506)

Variable n Mean + SD Min-Max Correct (%)
Knowledge score (Total) 506 11.14+5.10 0-23 48.4
Poor (<33%) 211 - - 41.7
Moderate (33-66%) 228 - - 45.1
Good (>66%) 67 - - 13.2
General information (4 Items) 506 1.27+1.20 0-4 31.8
Risk factors (5 Items) 506 1.84+1.58 0-5 36.8
Symptoms and complications (5 Items) 506 1.62+1.49 0-5 324
Prevention methods (4 Items) 506 239+1.55 0-4 59.8
Practice score (Total) 506 3.85+0.73 0-5 77.0
Handwashing after gardening 506 - - 96.2
Handwashing after cat contact 506 - - 92.3
Handwashing after raw meat handling 506 - - 97.2
Handwashing before eating 506 - - 85.8
Avoiding raw/Undercooked meat* 506 - - 85.8
Previously read about toxoplasmosis 506 - - 11.5
Previous serological testing 506 - - 3.8

Knowledge-Practice Correlation 506 r=0.10 - P=0.01**

* Reverse-scored item: "Do you eat raw or semi-cooked meat?" (Correct answer: No)
** Pearson Correlation Coefficient
SD = Standard Deviation
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Discussion

The findings of the present study indicate that although a considerable
proportion of pregnant women had limited knowledge regarding
toxoplasmosis, most participants demonstrated relatively appropriate
preventive practices. This discrepancy between knowledge and behavior
may suggest that preventive practices are influenced not only by
disease-specific awareness but also by general hygienic behaviors and
cultural practices adopted during pregnancy.

Previous studies have reported considerable variation in awareness
levels across different geographical regions. In the present study, 11.5%
of participants reported having heard or read about toxoplasmosis. This
proportion is substantially lower than the 48% reported by Jones et al.
in the United States (17) and the 22.4% reported by Eroglu et al. in
Turkey (18). However, it is comparable to the 11% reported by
Andiappan et al. in Thailand (19).

In contrast, studies conducted in Poland have reported substantially
higher levels of awareness. Smereka et al. (20) found that 94.4% of
pregnant women possessed a high level of basic knowledge regarding
toxoplasmosis. This marked difference highlights the important role of
healthcare systems in patient education. In the Polish study, healthcare
professionals were identified as the primary source of information,
whereas television and the internet represented the principal information
sources in the present study.

Regarding knowledge of disease characteristics, 77.4% of
participants correctly recognized toxoplasmosis as a zoonotic disease,
whereas only 41.7% correctly identified it as a parasitic infection.
Consistent with findings from previous studies, the association between
cats and toxoplasmosis was the most widely recognized aspect of
disease transmission. Specifically, 46.8% of participants correctly
identified cat feces as a source of Toxoplasma gondii, and 54.5%
recognized transmission through contact with infected cats. These
findings are comparable with those reported in Brazil (46%) and global
estimates (38%), although lower than the 86.5% reported by Atif et al.
(21,22).

Nevertheless, awareness of the transmission routes of toxoplasmosis
remains inadequate. Similar to the findings of Millar et al., in which 83%
of participants were unaware of the symptoms of toxoplasmosis, 96%
of participants in the present study were unfamiliar with potential
clinical manifestations, including fever and influenza-like symptoms
(23). Although toxoplasmosis is frequently asymptomatic during
pregnancy, awareness of its possible clinical manifestations is essential
for early diagnosis and the prevention of serious neonatal complications,
including ocular involvement and death.

Compared with findings from other regional studies, only 13.2% of
participants in the present study demonstrated good knowledge, whereas
45.1% had moderate knowledge and 41.7% had poor knowledge. This
contrasts with the findings of Khan et al. in Pakistan (24), where only
31.2% of participants demonstrated poor knowledge, suggesting
relatively greater awareness within that population. Furthermore,
whereas Eroglu et al. (18) identified parity as a significant determinant
of knowledge and Mostafavian et al. (16) reported significant
associations with age, educational level, and household income, the
present study found that only maternal age and household income were
significant predictors of knowledge. These differences underscore the
importance of designing public health interventions that are tailored to
local sociocultural contexts rather than assuming that determinants of
knowledge are universal across populations.

Interestingly, younger maternal age was significantly associated
with higher awareness levels in the present study, consistent with the
findings of Smereka et al. (20). This observation may be explained by
younger individuals' greater engagement with reading materials and
their more frequent use of internet-based health information resources.

Despite relatively limited knowledge, participants demonstrated
comparatively appropriate preventive practices. In the present study,
77% of participants provided correct responses to the practice-related
items, with a mean practice score of 3.85 out of 5. Moreover, 96.2%
reported washing their hands after handling raw meat, a finding
comparable with those reported by Mostafavian et al. (98.6%) and Jones
etal. (96%) (16,17). Similarly, 97.2% reported washing their hands after
contact with cats, indicating generally appropriate hygienic practices
despite limited theoretical knowledge. Overall, compliance with
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recommended hygiene practices was high, with 100% of participants
reporting handwashing after gardening.

However, dietary risk behaviors remain an area of concern. In the
present study, 14.2% of participants reported consuming raw or
undercooked meat or liver, both of which are well-established routes of
transmission for toxoplasmosis. Although this proportion is lower than
the 25.3% reported by Mostafavian et al. (16), it remains higher than the
6% reported in a study conducted in the United States (17).

Awareness of diagnostic measures was also limited. Only 3.8% of
participants reported having undergone serological testing for
toxoplasmosis, a proportion lower than the 7% reported in the U.S. study
(17), suggesting a potential gap in prenatal screening practices.
Furthermore, a considerable proportion of participants were either
unaware of or uncertain about the availability of blood tests for
toxoplasmosis, highlighting the need to strengthen education regarding
diagnostic screening during pregnancy.

This study has several limitations. First, the questionnaire consisted
primarily of closed-ended yes/no questions, which may not have fully
captured the depth of participants' knowledge and understanding. Future
studies would benefit from incorporating open-ended questions, as well
as collecting more detailed demographic information, including place of
residence and sources of health information, to facilitate the design of
targeted educational interventions. In addition, studies that
simultaneously evaluate anti-Toxoplasma antibody status could provide
valuable insight into the relationship between serological status,
knowledge, and preventive behaviors.

One of the strengths of the present study, compared with previous
single-city studies conducted in Iran, is its relatively large sample size.
Nevertheless, the findings should be interpreted with caution when
being generalized to the wider Iranian population because of potential
regional, cultural, and socioeconomic differences across the country.

Conclusion

The findings of this study indicate that knowledge regarding
toxoplasmosis among pregnant women in Gorgan, Iran, remains at a
moderate to low level. In contrast, preventive practices were generally
satisfactory, possibly reflecting the influence of established cultural
hygiene behaviors and community-based health education. Integrating
targeted education on toxoplasmosis into routine antenatal care services
may help improve maternal knowledge and support preventive
behaviors in endemic regions such as northern Iran. Future research
should further investigate the complex relationships among
sociodemographic factors, knowledge acquisition, and preventive
practices to inform the development of context-specific public health
interventions.
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