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Abstract

Background
Slaughterhouse and meat shop workers are high-risk groups for toxoplasmosis due to their daily contact
with raw meat. Evaluation of knowledge, attitudes and practices (KAP) is crucial to tailor intervention and
preventive measures to decrease occupational exposure to toxoplasmosis.

Methods
The present study evaluated knowledge, attitudes and practices of slaughterhouse and meat shop
workers for toxoplasmosis prevention in the Benue north-west senatorial district of Benue State, Nigeria.
A cross-sectional study was designed which involved 400 respondents in Makurdi and Gboko towns. A
pre-tested structured questionnaire was administered to the respondents via interviews to collect data
regarding socio-demographic characteristics and KAP concerning toxoplasmosis. Data were presented
as frequencies and percentages, and associations between demographic variables and KAP were
investigated using chi-square tests of independence, and significant variables were subjected to
multivariate binary logistic regression.

Results
Study participants were predominantly male (99.3%), with 55% being over 30 years, and 62.3% attained
secondary education. Generally, 2.3%, 47.8% and 61% of the respondents had good knowledge, positive
attitudes and good occupational practices, respectively. Only 4.75% (19/400) had previously heard of
toxoplasmosis, and more than 95% had no knowledge of the aetiology, transmission, clinical features, or
preventive measures for it. Level of education (p = 0.001) significantly influenced respondents’
knowledge of toxoplasmosis. More than 80% had no idea that slaughterhouse and meat shop workers
are at higher risk of toxoplasmosis compared to the general population and that proper meat handling
and hygiene practices can reduce the risk of toxoplasmosis. Level of education (p = 0.000) and years of
experience (p = 0.005) significantly influenced the attitudes of the respondents. Primary job role in the
slaughterhouse (p = 0.000) and job type (p = 0.003) significantly influenced the occupational practices of
the respondents.

Conclusion
The findings from the study indicate that slaughterhouse and meat shop workers in the study area
exhibit poor knowledge and engage in risky behaviours. The study recommends awareness and health
education campaigns on toxoplasmosis and other meat-borne diseases targeting the study population,
as they are high-risk groups due to the nature of their jobs.
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Background
Toxoplasmosis is a zoonotic parasitic disease caused by Toxoplasma gondii, an obligate intracellular
protozoan capable of infecting nearly all warm-blooded animals, including humans. Cats are the
definitive hosts of the parasite, while warm-blooded animals, including humans, serve as intermediate
hosts [1]. Parasite transmission to humans occurs primarily through ingestion of tissue cysts in
undercooked meat, consumption of food or water contaminated with oocysts shed by cats (the definitive
hosts), or via congenital infection [1]. While often asymptomatic in immunocompetent individuals,
toxoplasmosis can cause severe complications in immunocompromised individuals and pregnant
women, such as encephalitis, miscarriage, and congenital abnormalities [2]. Several sero-
epidemiological studies have reported varying seroprevalence of toxoplasmosis in different populations
globally [3, 4] and locally [5, 6, 7]. The disease's preventive approaches concentrate on food safety and
hygienic practices. These include cooking meat to safe internal temperatures, avoiding consumption of
raw or undercooked meat or seafood, washing hands and utensils after handling raw meat, and
controlling cat populations to reduce environmental contamination with oocysts [8]. Public health
strategies emphasise occupational hygiene, surveillance, and awareness campaigns to reduce exposure
risks among high-risk groups. Slaughterhouse and meat shop workers are considered high-risk
occupational groups due to their frequent contact with raw meat and animal tissues, which may harbour
Toxoplasma gondii cysts. Studies have shown that inadequate hygiene, poor slaughterhouse
infrastructure, and lack of protective equipment increase the likelihood of exposure [9, 10]. In Nigeria,
abattoirs/slaughterhouses or slabs often operate under poor sanitary conditions, with limited
enforcement of meat safety regulations, further heightening the risk of zoonotic transmission. Several
studies have reported seroprevalence of Toxoplasma gondii infection in slaughterhouse workers and in
workers occupationally exposed to animals globally [11, 12, 13, 14] and in Nigeria [15, 16, 17].

The Knowledge, Attitudes, and Practices (KAP) model is extensively used in public health research to
systematically assess a population's understanding (knowledge), feelings (attitudes), and behaviours
(practices) regarding health-related issues. The surveys typically employ structured questionnaires to
gather both quantitative and qualitative data, revealing critical insights such as knowledge gaps,
misconceptions, cultural beliefs, and risky behaviours that may influence health outcomes [18]. There are
several reports of KAP surveys on toxoplasmosis for different populations globally [19, 20, 21], but there
is only one similar study reported in Nigeria [22], which targeted Nigerians in general. This study differs
from the published one by focusing on slaughterhouse and meat shop workers who are at risk of
Toxoplasma gondii infection due to their occupation.

In Benue State, the knowledge, attitudes, and practices of slaughterhouse and meat shop workers
towards toxoplasmosis remain largely undocumented, posing a potential risk for disease transmission.
The level of knowledge among these workers is crucial, as improper meat handling and hygiene
practices can facilitate the transmission of Toxoplasma gondii to the workers and consumers.
Additionally, the attitudes of these individuals toward disease prevention measures can significantly
influence their compliance with safety protocols. Furthermore, inadequate education on occupational
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safety and poor compliance with personal protective equipment (PPE) use can lead to a higher risk of
infection. The evaluation of KAP is necessary to tailor intervention measures to decrease occupational
exposure and enhance the safety of meat consumption. Therefore, the present study aimed to evaluate
the KAP of slaughterhouse and meat shop workers towards toxoplasmosis in the Benue North-West
Senatorial District of Benue State, Nigeria.

The Knowledge, attitudes, and practices (KAP) model is extensively used in public health research to
systematically assess a population's understanding (knowledge), feelings (attitudes), and behaviours
(practices) regarding health-related issues. The surveys typically employ structured questionnaires to
gather both quantitative and qualitative data, revealing critical insights such as knowledge gaps,
misconceptions, cultural beliefs, and risky behaviours that may influence health outcomes [18]. There are
several reports of KAP surveys towards toxoplasmosis for different populations globally [19, 20, 21], but
there is only one similar study reported in Nigeria [22], which targeted Nigerians in general. The current
study is different from the published study as it targeted slaughterhouse and meat shop workers who
are occupationally exposed to Toxoplasma gondii infection.

In Benue state, the knowledge, attitudes, and practices of slaughterhouse workers and meat shop
workers towards toxoplasmosis remain largely undocumented, posing a potential risk for disease
transmission. The level of knowledge among these workers is crucial, as improper meat handling and
hygiene practices can facilitate the transmission of Toxoplasma gondii to the workers and consumers.
Additionally, the attitudes of these individuals toward disease prevention measures can significantly
influence their compliance with safety protocols. Furthermore, inadequate education on occupational
safety and poor compliance with personal protective equipment (PPE) use can lead to a higher risk of
infection. The evaluation of KAP is necessary to tailor intervention measures to decrease occupational
exposure and enhance the safety of meat consumption. Therefore, the present study aimed to evaluate
the KAP of slaughterhouse and meat shop workers towards toxoplasmosis in the Benue north-west
senatorial district of Benue state, Nigeria.

Methods
The present study was carried out according to the guidelines laid down in the Declaration of Helsinki
and all procedures involving human subjects. Ethical approval was obtained from the research ethics
committee (Animal Ethics and Welfare Committee) of the College of Veterinary Medicine, Joseph
Sarwuan Tarka University, Makurdi, Nigeria (reference number: JOSTUM/CVM/ETHICS/2025/21). Before
the commencement of the study, preliminary visits were made to the slaughterhouse management and
meat shops to discuss the study, and their permission and cooperation were sought. Participants were
informed about the objectives of the study and that participation was voluntary and that they could
withdraw from the study at any stage without any consequences. Only those who agreed (via verbal
consent) to participate were involved in the study. Each participant was assigned an identity number, and
the information of each participant was anonymised and securely stored on a computer.
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Study area
The study was conducted in Benue State, Nigeria, which is located in the north-central geopolitical zone
of the country. Benue State (Latitude 6° 25' N to 8° 8' N and Longitude 7° 47' E to 10° 0' E) shares
boundaries with five other states, namely, Nasarawa State to the north, Taraba State to the east, Cross-
River State to the south, Enugu State to the south-west, Kogi State to the west and the Republic of
Cameroon to the south-east. Benue State is divided into three senatorial districts, namely, Benue north-
east (zone A), Benue north-west (zone B) and Benue south (zone C) (Fig. 1). Study locations were
Makurdi and Gboko towns, which are within the Benue north-west senatorial district (Zone B). There is
no modern abattoir in the state, but there are slaughterhouses and slaughter slabs in the different local
government areas of the state. Various slaughter slabs and markets within the study locations were
visited, during which a questionnaire was administered to the workers of both slaughterhouses and meat
shops. Inhabitants of the state commonly engage in farming, fishing and animal husbandry.

Study population
The study population included slaughterhouse and meat shop workers of both sexes. Other socio-
demographic characteristics such as level of education, type of work, years of experience, primary job
role in the slaughterhouse, and species of animal slaughtered/retailed were obtained.

Study design and study period
A cross-sectional study design was conducted from March 2025 to August 2025 to assess
slaughterhouse and meat shop workers’ knowledge, attitudes, and occupational practices that could
influence toxoplasmosis transmission.

Sample size determination and sampling strategy
An expected prevalence of 50% was assumed since there were no reported studies in a similar target
population in the country. Using the formula for calculating sample size for a cross-sectional study [23]
and adopting a 95% confidence interval and 5% absolute error, the sample size was made up to 400 to
account for any sampling errors. Using the purposive sampling method, slaughterhouse and meat shop
workers who consented to the study were included in the study. This method of sampling was adopted
because some individuals were not interested and cooperative in being included in the study, stating that
it was a waste of their time. Hence, only individuals who cooperated were recruited. Those who did not
consent to the study and those who were absent on the day of questionnaire administration were
excluded from the study.

Method of data collection
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Data collection
A validated structured questionnaire (Supplementary material 1) was used to collect data. The
questionnaire was developed in the English language after a thorough review of literature. Afterwards, it
was forwarded to public health experts who reviewed the items for content validity. Based on their
feedback, modifications were made, and the questionnaire was subjected to reliability testing. Some of
the questions were thereafter modified, ensuring completeness of the content. A final Cronbach’s alpha
value of 0.725 was achieved. Questions for KAP were closed-ended, and a face-to-face interview was
employed to complete the questionnaire.

Measurement tools
Socio-demographic data

The socio-demographic data consisted of seven questions, which covered age, gender, type of work,
level of education, years of experience, primary job role in the slaughterhouse and species of animal
slaughtered/retailed.

Knowledge about toxoplasmosis

Seven questions were administered to assess the knowledge of slaughterhouse and meat shop workers
regarding it. Questions included knowledge of toxoplasmosis aetiology, transmission, symptoms,
prevention and control measures, and complications. Each correct response scored 1 point, while an
incorrect and “I don’t know” answer scored 0 points. Scores ≤ 3 were classified as poor knowledge, while
scores of 4–7 were considered good knowledge.

Attitudes towards toxoplasmosis

Seven questions were administered to assess the attitudes of slaughterhouse and meat shop workers
toward toxoplasmosis. Questions included attitudes towards risk of contracting toxoplasmosis, hand
hygiene, eating or drinking while processing a carcass, interest in receiving training on toxoplasmosis
prevention, screening for toxoplasmosis and willingness to inform employer if diagnosed with
toxoplasmosis. Each correct response scored 1 point, while an incorrect and 'I don’t know' answer
scored 0 points. Scores ≤ 3 were classified as negative attitudes, while scores of 4–7 were considered
positive attitudes.

Occupational practices towards toxoplasmosis prevention

Six questions were administered to assess the practices of slaughterhouse and meat shop workers that
may influence the transmission/prevention of toxoplasmosis. Questions assessed practices while at
work, including the use of personal protective equipment, hand hygiene, cleaning of work surfaces,
eating or drinking while working and consumption of raw meat. Each correct response scored 1 point,
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while an incorrect and 'I don’t know' answer scored 0 points. Scores ≤ 3 were classified as poor practices,
while scores of 4–6 were considered good practices. The proportion of each category for KAP was
expressed as a percentage.

Other questions

Questions assessing participants’ involvement in regular health checkups, participation in training on
meat-borne diseases and willingness to be trained on hygienic practices during carcass processing were
included in the survey instrument.

Data analysis
Data was collected using FormsApp and exported to IBM SPSS® Statistics vs 25.0 (IBM Corporation, NY,
USA) for analysis. Descriptive statistics were performed, expressing the data in frequencies and
percentages. Chi-square test of independence was used to assess significant association between
socio-demographic variables and KAP. Variables assessed to be statistically significant at p < 0.05 were
subjected to multivariate binary logistic regression using a backward elimination method to determine
covariates that were significantly associated with KAP. P values < 0.05 were considered statistically
significant, adopting a 95% confidence interval.

Results

Socio-demographic characteristics of the study
participants
A total of four hundred individuals were recruited into the study, 200 each from Makurdi and Gboko
towns. Slaughterhouse workers constituted 49% of the population, while meat shop workers were 51%.
Most participants were male (99.3%) and were more than 30 years of age (62.3%). Most individuals had
formal education (88.8%) and attained primary school education (47.8%). About half of the study
participants had worked for more than ten (10) years in their facilities. For participants who worked in
slaughterhouses, the primary roles of most participants were carcass processing (49.5%) and
slaughtering (22.8%), while beef (46.8%) was mostly slaughtered/retailed by the participants, followed by
pork (28.0%) (Table 1).
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Table 1
Sociodemographic characteristics of study participants

Variable Category Frequency (%)

Town Makurdi 200 50.00

  Gboko 200 50.00

Gender Male 397 99.30

  Female 3 0.70

*Age < 20 16 4.00

  21–30 133 33.00

  >=31 249 62.25

Level of education No formal education 45 11.25

  Primary 124 31.00

  Secondary 191 47.75

  Tertiary 40 10.00

Type of work Slaughterhouse 196 49.00

  Meat shop 204 51.00

*Years of work experience < 1 11 2.75

  1–5 87 21.75

  6–10 101 25.25

  11+ 200 50.00

Primary job role in the slaughterhouse Slaughtering 91 22.75

  Carcass processing 198 49.50

  Clean intestines 25 6.25

  Cleans slaughterhouse 22 5.50

  Meat retailer 64 16.00

Type of animal slaughtered/retailed Cattle 187 46.75

  Goat 78 19.50

  Sheep 6 1.50

  Pig 112 28.00

  chicken 17 4.25
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*Missing values were present in these two variables; age (2) and years of work experience (1) which
were excluded from analysis. Hence, the total number of cases for the 2 variables was not 400.

Respondents’ knowledge about toxoplasmosis
Results indicated that 2.3% (9/400) had good knowledge about toxoplasmosis, while 97.8% (391/400)
had poor knowledge (Fig. 2). About 4.75% (19/400) reportedly have heard about toxoplasmosis. Out of
this, 9 (47.4%) had good knowledge of toxoplasmosis. Results showed that 1.5% (6/400) of the
respondents knew the causative agent of toxoplasmosis. Eight out of 400 respondents (2%) and 2.75%
(11/400) stated at least one correct means of transmission and symptom of toxoplasmosis,
respectively. About 97.8% (391/400) of the respondents had no knowledge of preventive measures
against toxoplasmosis. About 1.75% (7/400) indicated that toxoplasmosis affects pregnant women and
their unborn babies, while 2% (8/400) stated at least one complication of toxoplasmosis (Table 2).
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Table 2
Knowledge about toxoplasmosis among study participants

Knowledge questions Responses N %

Heard of toxoplasmosis yes 19 4.75

  no 381 95.25

Causative agent of toxoplasmosis Virus 1 0.25

  Bacteria 5 1.25

  Parasite 6 1.50

  I don’t know 388 97.00

Transmission to humans Contaminated water 1 0.25

  Consuming undercooked or
raw meat

7 1.75

  Contact with infected cat
faeces

0 0

  Mosquito bites 1 0.25

  Airborne transmission 1 0.25

  I don’t know 390 97.50

Symptoms Fever 9 2.25

  Muscle pain 2 0.50

  I don’t know 389 97.25

Prevention and control Cook meat properly 5 1.25

  Wash hands after handling raw
meat

2 0.50

  All of the above 2 0.50

  I don’t know 391 97.75

Toxoplasmosis affects pregnant women and their
unborn babies

Yes 2 0.50

  No 5 1.25

  I don’t know 393 98.25

Possible complications of toxoplasmosis Flu-like condition 5 1.25

  Miscarriage/birth defects 2 0.50

  Skin rash 1 0.25

Page 11/39



Knowledge questions Responses N %

  I don’t know 392 98.00

Toxoplasmosis treated with medication Yes 9 2.25

  No 3 0.75

  I don’t know 388 97.0

Respondents’ attitudes towards toxoplasmosis
Results indicated that 47.8% (191/400) of the respondents had positive attitudes towards
toxoplasmosis, while 52.3% (209/400) had negative attitudes (Fig. 2). About 13% (52/400) think that
slaughterhouse and meat shop workers are at a higher risk of toxoplasmosis compared to the general
population. Three hundred and thirty-four respondents did not know that proper meat handling can
reduce the risk of toxoplasmosis infection, while 37% (148/400) suggested that it is safe to eat or drink
when processing carcasses. About 84.75% (339/400) indicated interest in receiving training on
toxoplasmosis prevention, and 75.25% (301/400) agreed that slaughterhouse and meat shop workers
should undergo routine screening. While 16.25% (65/400) are very concerned about contracting
toxoplasmosis at work, 39% (156/400) indicated that they would inform their employers or colleagues if
diagnosed with toxoplasmosis (Table 3).
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Table 3
Attitudes towards toxoplasmosis among study participants

Attitude questions Responses N %

Do you think slaughterhouse and meat shop workers are at
higher risk of toxoplasmosis compared to the general
population?

Yes 52 13.00

  No 18 4.50

  I don’t know 330 82.50

Do you believe that proper meat handling and hygiene practices
can reduce the risk of toxoplasmosis infection?

Yes 66 16.50

  No 12 3.00

  I don’t know 322 80.50

Do you believe it is safe to eat or drink when processing
carcasses/selling meat?

Yes 148 37.00

  No 148 37.00

  I don’t know 104 26.00

Would you be interested in receiving training on toxoplasmosis
prevention

Yes 339 84.75

  No 61 15.25

Do you think slaughterhouse and meat shop workers should
undergo routine screening for toxoplasmosis?

Yes 301 75.25

  No 22 5.50

  I don’t know 77 19.25

How concerned are you about contracting toxoplasmosis at
work?

Very concerned 65 16.25

  Somewhat
concerned

231 57.75

  Not concerned 104 26.00

If diagnosed with toxoplasmosis, would you inform your
employer or colleagues?

Yes 156 39.00

  No 179 44.75

  Not sure 65 16.25

Respondents’ occupational practices that may influence
toxoplasmosis transmission/prevention

Page 13/39



Conversely, results showed that 61% (244/400) had good practices while 39% (156/400) had poor
practices (Fig. 2). While 91% (364/400) do not wear protective gloves while handling raw meat, 91.75%
(367/400) have never consumed raw meat. While 60.75% (243/400) reportedly do not wash their hands
with soap and water after handling raw meat, 95.25% (381/400) clean and wash their work surfaces
after handling raw meat. Sixty-two percent (248/400) stated that they eat or drink while working, while
70.5% (282/400) clean their work tools daily (Table 4).

 
Table 4

Occupational practices among study participants
Practice questions Responses N %

Wear protective gloves while handling raw meat Always 4 1.00

  Sometimes 32 8.00

  Never 364 91.00

Wash hands with soap after handling raw meat Always 7 1.75

  Sometimes 150 37.50

  Never 243 60.75

Consumed raw meat Frequently 7 1.75

  Occasionally 26 6.50

  Never 367 91.75

Clean and wash work surfaces after handling raw meat Yes 381 95.25

  No 19 4.75

Frequency of cleaning work tools After every use 85 21.25

  Daily 282 70.50

  Weekly 19 4.75

  Rarely 14 3.50

Eat or drink while working Yes 248 62.00

  No 152 38.00

Respondents’ views on health checkups and meat hygiene
trainings
About 94.75% (379/400) and 97.75% (391/400) stated that they do not receive regular health checkups
related to occupational hazards and have not received training on foodborne diseases, including
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toxoplasmosis, respectively. Three hundred and fifty-three respondents indicated interest in receiving
training on hygienic practices during carcass processing (Table 5).

 
Table 5

Responses regarding health checkups and meat hygiene training among the study participants
Questions Responses N %

Do you receive regular health checkups related to occupational
hazards?

Yes 21 5.25

  No 379 94.75

Have you ever received training on foodborne diseases, including
toxoplasmosis?

Yes 9 2.25

  No 391 97.75

Would you be interested in receiving training on hygienic practices
during carcass processing?

Yes 353 88.25

  No 47 11.75

Association between socio-demographic characteristics of
the study population and knowledge about toxoplasmosis
Results showed that level of education (p = 0.000) and the type of work (p = 0.004) had a significant
association with the knowledge of toxoplasmosis (Table 6). When subjected to multivariate binary
logistic regression, only level of education remained significant. Results indicated that individuals that
had primary level of education were less likely to have good knowledge of toxoplasmosis compared to
individuals with tertiary education (p = 0.001, OR = 0.033, 95% CI = 0.004–0.270) (Table 7).

Table 6 should be placed here.

Table 6 Association between socio-demographic characteristics of the study participants and their
knowledge about toxoplasmosis
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      Knowledge  

Variable Category Total  Good
(%)

Poor (%) P
value

Town Makurdi 200 4 (2.00) 196 (98.00) 0.736

  Gboko 200 5 (2.50) 195 (97.50)  

Gender Male 397 9 (2.30) 388 (97.70) 1.000

  Female 3 0 (0) 3 (100.00)  

*Age <20 16 (0) 16 (100.00) 0.590

  21-30 133 2 (1.50) 131 (98.50)  

  >=31 249 7 (2.80) 242 (97.20)  

Education level NFE 45 0 (0) 45 (100.00) 0.000

  primary 124 1 (0.80) 123 (99.20)  

  Secondary 191 0 (0) 191
(100.00)

 

  Tertiary 40 8
(20.00)

32 (80.00)  

Work type Slaughterhouse 196 0 196
(100.00)

0.004

  Meat shop 204 9 (4.40) 195 (95.60)  

*Years of work experience <1 11 0 (0) 11 (100.00) 0.908

  1-5 87 2 (2.30) 85 (97.70)  

  6-10 101 3 (3.00) 98 (97.00)  

  11+ 200 4 (2.00) 196 (98.00)  

Primary job role in the
slaughterhouse

Slaughtering 91 0 91 0.244

  Carcass processing 198 6(3.00) 192(97.00)  

  Clean intestines 25 0 25(100.00)  

  Cleans
slaughterhouse

22 0 22(100.00)  

  Retails meat 64 3(4.70) 61(95.30)  

Animal slaughtered/meat
retailed

Cattle 187 3(1.60) 184(98.40) 0.106

  Goat 78 2(2.60) 76(97.40)  
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  Sheep 6 0 6(100.00)  

  Pig 112 2(1.80) 110(98.20)  

  chicken 17 2(11.8) 15(88.20)  

 NFE = no formal education, *Missing values were present in these two variables; age (2) and years of
work experience (1) which were excluded from analysis. Hence, the total number of cases for the 2
variables was not 400.
 

Table 7
Binary logistic regression result of association between level of education and

respondents’ knowledge of toxoplasmosis.

  Category Comparisons P value OR 95%CI

*NFE 0.018    

1 Primary vs NFE 0.998 1.3133939 x107 0.000

2 Secondary vs NFE 1.000 1.000 0.000

3 Tertiary vs NFE 0.997 4.03868625 x 108 0.000

4 **Primary vs Tertiary 0.001 0.033 0.004–0.270

*Reference category = NFE (no formal education), **Tertiary is the reference category in this comparison.

Association between socio-demographic characteristics of
the study population and attitudes towards toxoplasmosis
transmission
Results showed that age (p = 0.000), level of education (p = 0.000), work type (p = 0.003), years of
experience (p = 0.000) and the primary job role in the slaughterhouse (p = 0.000) significantly influenced
the attitudes of the respondents (Table 8). When subjected to multivariate binary logistic regression, only
level of education and years of work experience remained highly significant (Table 9). Individuals with
secondary (p = 0.001, OR = 3.788, 95%CI = 1.749–8.204) and tertiary (p = 0.000, OR = 9.641, 95%CI = 
3.487–26.656) education were more likely to have positive attitudes towards toxoplasmosis prevention
compared to individuals with no formal education (Table 9). Conversely, individuals who had worked for
10 years or less were less likely to have positive attitudes compared to those who had worked for more
than 10 years (p < 0.05) (Table 9).

Table 8 should be placed here.

Table 8 Association of socio-demographic characteristics of study participants and their attitudes
towards toxoplasmosis
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      Attitude  

Variable Category Total  Positive
(%)

Negative
(%)

P
value

Town Makurdi 200 103(51.50) 97(48.50) 0.110

  Gboko 200 88(44.00) 113(56.00)  

Gender Male 397 190(47.90) 207(52.10) 1.000

  Female 3 1(33.30) 2(66.70)  

*Age <20 16 2(12.50) 14(87.50) 0.000

  21-30 133 52(39.10) 81(60.9)  

  >=31 249 136(54.60) 113(45.40)  

Education level NFE 45 10(22.20) 35(77.80) 0.000

  primary 124 44(35.50) 80(64.50)  

  Secondary 191 107(56.00) 84(44.00)  

  Tertiary 40 30(75.00) 10(25.00)  

Work type Slaughterhouse 196 79(40.30) 117(59.70) 0.003

  Meat shop 204 112(54.90) 92(45.10)  

*Years of work experience <1 11 4(36.40) 7(63.60) 0.000

  1-5 87 37(42.50) 50(57.50)  

  6-10 101 33(32.70) 68(67.30)  

  11+ 200 116(58.0) 84(42.00)  

Primary job role in the
slaughterhouse

Slaughtering 91 41(54.10) 50(54.90) 0.000

  Carcass processing 198 104(52.5) 94(47.50)  

  Clean intestines 25 7(28.00) 18(72.00)  

  Cleans
slaughterhouse

22 2(9.10) 20(90.90)  

  Retails meat 64 37(57.80) 27(42.20)  

Animal slaughtered /meat
retailed

Cattle 187 93(49.70) 94(50.30) 0.724

  Goat 78  40(51.30) 38(48.70)  

  Sheep 6 3(50.00) 3(50.00)  
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  Pig 112 48(42.90) 64(57.10)  

  chicken 17 7(41.20) 10(58.80)  

NFE = no formal education, *Missing values were present in these two variables; age (2) and years of
work experience (1) which were excluded from analysis. Hence, the total number of cases for the 2
variables was not 400.

Table 9
Binary logistic regression result for significant variables that influenced attitudes of respondents

towards toxoplasmosis transmission
Variable Comparisons P value Adjusted OR 95%CI

Level of education 0.000    

Primary vs *NFE 0.147 1.819 0.810–4.088

Secondary vs *NFE 0.001^ 3.788 1.749–8.204

Tertiary vs *NFE 0.000^ 9.641 3.487–26.656

Years of work experience 0.005    

< 1 vs *11+ 0.154 0.378 0.099–1.438

1–5 vs *11+ 0.030^ 0.549 0.319–0.943

6–10 vs *11+ 0.001^ 0.424 0.251–0.715

*Reference category = NFE (no formal education) and 11+, ^significant association, OR = odds ratio,
CI = confidence interval

Association between socio-demographic characteristics of
the study population and occupational practices towards
toxoplasmosis prevention
At univariate analysis, age (p = 0.010), work type (p = 0.030), years of work experience (p = 0.000),
primary job role in the slaughterhouse (p = 0.001) and the type of animal carcass processed or retailed
(p = 0.015) significantly influenced the practices of the respondents (Table 10). When subjected to
multivariate binary logistic regression, primary job role in the slaughterhouse and type of work remained
significant (p < 0.05) (Table 11). Individuals that clean intestines (p = 0.038, OR = 0.383, 95% CI = 0.154–
0.950) and sell meat in the slaughterhouse (p = 0.000, OR = 0.196, 95% CI = 0.080–0.481) were less likely
to have good practices when compared to those who are engaged in slaughtering (Table 11). Meat shop
workers are 2.5 times more likely to exhibit good occupational practices than slaughterhouse workers (p 
= 0.003, OR = 2.520, 95%CI = 1.357–4.678) (Table 11).

Table 10 should be placed here.
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Table 10 Association of socio-demographic characteristics of the study participants and their practices
towards toxoplasmosis prevention
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      Practices  

Variable Category Total  Good (%) Poor (%) P
value

Town Makurdi 200 117(58.50) 83(41.50) 0.305

  Gboko 200 127(63.50) 73(36.50)  

Gender Male 397 241(60.70) 156(39.30) 0.285

  Female 3 3(100.00) 0(0)  

*Age <20 16 5(31.30) 11(68.80) 0.010

  21-30 133 75(56.40) 58(43.60)  

  >=31 249 163(65.50) 86(34.50)  

Education level NFE 45 20(44.40) 25(55.60) 0.116

  primary 124 78(62.90) 46(37.10)  

  Secondary 191 120(62.80) 71(37.20)  

  Tertiary 40 26(65.00) 14(35.00)  

Work type Slaughterhouse 196 109(55.60) 87(44.40) 0.030

  Meat shop 204 135(66.20) 69(33.80)  

*Years of work experience <1 11 2(18.2) 9(81.80) 0.000

  1-5 87 40(46.00) 47(54.00)  

  6-10 101 62(61.40) 39(38.60)  

  11+ 200 139(69.50) 61(30.50)  

Primary job role in the
slaughterhouse

Slaughtering 91 57(62.60) 34(37.40) 0.001

  Carcass processing 198 138(69.70) 60(30.30)  

  Clean intestines 25 10(40.0) 15(60.00)  

  Cleans
slaughterhouse

22 10(45.50) 12(54.50)  

  Retails meat 64 29(45.30) 35(54.70)  

Animal slaughtered /meat
retailed

Cattle 187 107(57.20) 80(42.80) 0.015

  Goat 78 49(62.80) 29(37.20)  

  Sheep 6 3(50.00) 3(50.00)  
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  Pig 112 68(60.70) 44(39.30)  

  chicken 17 17(100.00) 0(0)  

NFE = no formal education, *Missing values were present in these two variables; age (2) and years of
work experience (1) which were excluded from analysis. Hence, the total number of cases for the 2
variables was not 400.

Table 11
Multivariate binary logistic regression results for significant variables that influence respondents’

occupational practices.
Variable Comparisons P value Adjusted OR 95%CI

Primary role in the SH 0.000    

Carcass processing vs *slaughtering 0.383 0.748 0.390–1.436

Cleans intestine vs *slaughtering 0.038^ 0.383 0.154–0.950

Cleans SH vs *slaughtering 0.106 0.458 0.177–1.181

Retails meat vs *slaughtering 0.000^ 0.196 0.080–0.481

Work type      

Meat shop vs slaughterhouse worker 0.003^ 2.520 1.357 − 4.678

*Reference category = slaughtering, ^significant association, SH = slaughterhouse, OR = odds ratio, CI 
= confidence interval

Association between awareness, knowledge, attitudes and occupational practices of slaughterhouse
and meat shop workers towards toxoplasmosis prevention

Results indicated a statistically significant association between awareness of toxoplasmosis and
practices (p = 0.009). Individuals who reportedly indicated that they have heard of toxoplasmosis were
5.8 times more likely to have good occupational practices than those who have not heard about the
disease (OR = 5.767; 95% CI = 1.313–25.316) (Table 12). Conversely, knowledge of toxoplasmosis did
not significantly influence the occupational practices of the respondents (p = 0.097). The association
between the attitudes of the respondents and their occupational practices was highly significant (p = 
0.000). Individuals that had positive attitudes were 2.9 times more likely to have good occupational
practices (Table 12). Similarly, the respondents’ knowledge of toxoplasmosis significantly influenced
their attitudes towards its transmission (p = 0.016). Individuals who had good knowledge of
toxoplasmosis were 9 times more likely to have good attitudes towards toxoplasmosis than those who
had poor knowledge (Table 12).
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Table 12
Association between awareness, knowledge, attitudes and occupational practices of study participants

towards toxoplasmosis
Variable   Occupational Practices      

Category Good (%) Poor (%) P
value

OR 95%CI

Heard of toxoplasmosis Yes 17(89.50) 2(10.50) 0.009 5.767 1.313–
25.316

  No 227(59.60) 154(40.40)      

  Total 244(61.00) 156(39.00)      

Knowledge of
toxoplasmosis

Good 8(88.90) 1(11.10) 0.097 5.254 0.651–
42.425

  Poor 236(60.40) 155(39.6)      

  Total 244(61.00) 156(39.00)      

Attitude towards
toxoplasmosis

Positive 141(73.80) 50(26.20) 0.000 2.902 1.904–
4.423

  Negative 103(49.30) 106(50.70)      

  Total 244(61.00) 156(39.00)      

    Attitude of Respondents      

  Category Positive
(%)

Negative
(%)

P
value

OR 95%CI

Knowledge of
toxoplasmosis

Good 8(88.90) 1(11.10) 0.016 9.093 1.127–
73.392

  Poor 183(46.80) 208(53.20)      

  Total 191(47.80) 209(52.30)      

Discussion
The knowledge, attitudes and practices framework is a widely used tool to understand how people think,
feel and behave regarding specific topics [24]. Results from the current study indicated that
slaughterhouse and meat shop workers in the Benue north-west senatorial district of Benue State,
Nigeria, had overall poor knowledge and poor attitudes but indicated good occupational practices
towards toxoplasmosis prevention. As of the time of this study, there is no published report on the KAP
of slaughterhouse and meat shop workers towards toxoplasmosis in Nigeria. But there is a report on
KAP of Nigerians towards toxoplasmosis [22] and KAP of abattoir workers towards meat safety [25].
These studies indicated moderate knowledge of toxoplasmosis and poor knowledge of meat safety,
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respectively. Two recent studies reported on the occupational risk factors for T. gondii among abattoir
workers and meat handlers in Jos [26] and attitudes and practices of workers in slaughter facilities in
Kaduna [27].

The poor knowledge and attitude recorded in the current study are a result of a lack of awareness and
education on meat-borne diseases, including toxoplasmosis, as 97.75% of respondents stated that they
have not received training on meat-borne diseases prior to the study. Greater knowledge of
toxoplasmosis is expected to shape the perception, leading to more informed, proactive and positive
attitudes towards the disease. This rationale is validated, as there was a significant association between
knowledge of toxoplasmosis and attitudes towards the disease among the study population, as
individuals who had good knowledge were 9 times more likely to exhibit positive attitudes towards the
disease. Compared with previous studies [21, 22, 28], this study recorded a higher proportion of
individuals with poor knowledge of toxoplasmosis. This difference could be due to the educational level
of the study population, as previous studies included health workers. The current study reflects that the
disease is not known among this high-risk population. Since the disease is not given priority in health
education programmes, high-risk groups such as slaughterhouse and meat shop workers might subject
themselves to risky practices.

The evidence shows that insufficient knowledge or health education regarding toxoplasmosis among
slaughterhouse and meat shop workers influenced their attitudes towards the disease, as only 13% of
respondents perceived themselves to be at a higher risk of infection. The majority were unaware that
proper meat handling could mitigate the risk of toxoplasmosis infection, and only a small number
expressed concern about the possibility of being infected at work.

Contrastingly, the majority (61%) of the respondents exhibited good occupational practices that would
not predispose them to toxoplasmosis. Some of the favourable practices recorded in the study included
not consuming raw meat, cleaning of work surfaces after handling raw meat, and daily cleaning of work
tools after use. Based on food habits, Nigerians typically do not eat raw meat (by cultural norm). This
good practice excludes individuals from contracting infectious diseases that can be got through eating
raw meat. But at the same time, poor hand hygiene can predispose such individuals to various
infections. Cleaning work surfaces and tools after use significantly reduces the risk of contracting
toxoplasmosis by eliminating the parasite before it can be ingested or transferred. These good practices
help protect vulnerable populations such as immunocompromised individuals and pregnant women, as
they are at high-risk for severe toxoplasmosis with resulting grave consequences [1]. Additionally,
cleaning surfaces doesn’t just target Toxoplasma; it also reduces the spread of other harmful pathogens
like Salmonella, Listeria and Escherichia coli.

On the other hand, most respondents exhibited unfavourable practices such as not wearing protective
gloves and not washing hands with soap and water after handling meat and eating or drinking while at
work. These are risky behaviours that are likely to influence toxoplasmosis transmission [11, 26].
Previous studies reported similar work behaviours among slaughterhouse workers [25, 29].
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The present study demonstrated a statistically significant association between attitudes and
occupational practices towards toxoplasmosis among the study population. This finding suggests that
workers’ perceptions, beliefs, and dispositions towards toxoplasmosis prevention may influence the
extent to which they adopt protective behaviours during slaughtering, meat processing, and meat sales.
In practical terms, workers who regard toxoplasmosis as a serious occupational and public-health risk
are more likely to support and practise preventive measures such as consistent handwashing,
appropriate use of gloves and other personal protective equipment (PPE), safe handling of offal and
animal tissues, cleaning and disinfection of work surfaces, and avoidance of eating or drinking while
handling raw meat. This result is consistent with a recent study [27]. This outcome aligns with the
behavioural foundation of the knowledge–attitude–practice model, where attitude serves as the
motivational connection between recognising a health risk and engaging in preventive actions [30]. A
favourable attitude may increase workers’ perceived susceptibility to infection and the perceived benefits
of protective measures. Conversely, workers who consider toxoplasmosis unimportant, unavoidable, or
unrelated to their occupation may be less motivated to comply with recommended safety procedures.
The significant association observed in this study therefore indicates that improving occupational
practices should not depend solely on providing information; it should also address workers’ perceptions
of risk and the practical value of prevention.

However, the observed association may not necessarily mean a positive attitude automatically
guarantees safe practice. Workplace conditions and structural constraints also shape occupational
behaviour. Even when workers possess favourable attitudes towards occupational hygiene, inadequate
infrastructure; limited access to water and handwashing facilities; insufficient PPE; and weak
institutional support may restrict their ability to practise recommended preventive measures [10].
Workers may understand the importance of PPE but fail to use it consistently because gloves or
protective clothing are unavailable, uncomfortable, damaged, or unsuitable for the work environment. In
addition, limited access to water, soap, handwashing facilities, waste-disposal systems, sanitation
infrastructure, supervision, and periodic training can prevent workers from translating favourable
attitudes into routine practices.

Results from the current study agree with previous reports that level of education has a significant
association with the knowledge of toxoplasmosis [21, 22]. There are seroepidemiological studies that
demonstrated a significant association between level of education and T. gondii seropositivity [27, 31],
indicating that lower education levels are correlated with higher T. gondii seroprevalence. The current
study showed that with a higher level of education, an individual becomes more aware of the dangers of
exposure to toxoplasmosis. It is expected that individuals at various educational levels exhibit differing
awareness of health issues, hygiene practices, and lifestyle factors that influence disease exposure risk.
Although meat shop workers significantly had more knowledge of toxoplasmosis than slaughterhouse
workers, this variable was not significant in multivariate analysis.

Similarly, the level of education had a significant influence on attitudes, as individuals with higher
education were more likely to have positive attitudes towards toxoplasmosis. Educated workers tend to
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adopt positive attitudes towards preventive measures of a disease such as hand washing, use of
protective wears, cleaning and disinfection of work tools, etc. Those with lower education levels may
view such practices as unnecessary or burdensome, leading to risky behaviours.

Results from this study indicated that individuals with fewer years on the job (10 years or less) were less
likely to have positive attitudes towards toxoplasmosis. This could be explained by various factors such
as a knowledge gap in disease transmission, attitude formation over time, lower practical experience
with zoonotic risks, and limited exposure to safety training. Years of work experience were not a
significant factor in an earlier study [25], as the range considered in the study was 1 to 3 years, which is
less than in the current study (1 to > 10 years).

The primary job role in the slaughterhouse and type of work were two highly significant socio-
demographic factors that influenced the occupational practices of the respondents. Results indicated
that individuals who cleaned intestines were less likely to have good practices compared to those who
engaged in animal slaughter. This is most likely due to the exposure of these individuals to animal gut
content and heavily contaminated environments. Poor hygiene and lack of awareness may expose these
individuals to toxoplasmosis. Meat shop workers were shown to be more likely to exhibit good practices
when compared to slaughterhouse workers. This is so because the work environment of meat shop
workers is less hazardous, more customer-facing, and requires stricter hygiene standards to maintain
consumer trust. Slaughterhouse workers handle freshly slaughtered animals, increasing direct contact
with tissues that may contain T. gondii cysts. Meat shop workers deal with already processed meat,
reducing direct exposure to infected tissues.

The current study has shown that respondents that were aware of toxoplasmosis were more likely to
have good occupational practices, stressing the need for public education and awareness campaigns
about the dangers of toxoplasmosis exposure. It is worrying to note that the majority of these high-risk
groups for toxoplasmosis do not receive regular health checkups and have not received training on
foodborne or meat-borne diseases. Adequate knowledge about the disease will positively influence the
attitudes of workers, thereby reducing risky behaviours at work.

Limitation of the study

The study assessed knowledge, attitudes, and practices without conducting serological tests to confirm
actual infection status. This prevented the ability to compare reported KAP with true infection risk. The
study relied on self-reported responses, which are subject to recall bias and social desirability bias.
Some workers may have overstated or understated their hygiene practices or attitudes. Participants
were selected based on willingness to participate, which may not accurately represent all
slaughterhouse and meat shop workers in the study locations.

Conclusion and recommendation
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The findings of this study indicate that slaughterhouse and meat shop workers in the North Central
senatorial district of Benue State, Nigeria, have poor knowledge and poor attitudes but reportedly
showed good occupational practices towards toxoplasmosis prevention. The level of education
significantly influenced the knowledge and attitudes of the respondents, while their primary job role in
the slaughterhouse and the type of work they performed significantly affected their occupational
practices. The authors recommend a One Health approach in mitigating the risk of toxoplasmosis
transmission in Benue State. Awareness campaigns, proper training and continuing education for
slaughterhouse workers and meat shop workers on the risks, prevention, and safe handling of meat are
essential. Addressing poor environmental hygiene, inadequate hygiene facilities, and implementing
effective standard operating procedures within slaughterhouses/abattoirs are crucial steps to prevent
exposure to toxoplasmosis.
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Table 6
Association between socio-demographic characteristics of the study participants and their knowledge

about toxoplasmosis
Variable     Knowledge  

Category Total Good
(%)

Poor (%) P
value

Town Makurdi 200 4 (2.00) 196 (98.00) 0.736

  Gboko 200 5 (2.50) 195 (97.50)  

Gender Male 397 9 (2.30) 388 (97.70) 1.000

  Female 3 0 (0) 3 (100.00)  

*Age < 20 16 (0) 16 (100.00) 0.590

  21–30 133 2 (1.50) 131 (98.50)  

  >=31 249 7 (2.80) 242 (97.20)  

Education level NFE 45 0 (0) 45 (100.00) 0.000

  primary 124 1 (0.80) 123 (99.20)  

  Secondary 191 0 (0) 191
(100.00)

 

  Tertiary 40 8
(20.00)

32 (80.00)  

Work type Slaughterhouse 196 0 196
(100.00)

0.004

  Meat shop 204 9 (4.40) 195 (95.60)  

*Years of work experience < 1 11 0 (0) 11 (100.00) 0.908

  1–5 87 2 (2.30) 85 (97.70)  

  6–10 101 3 (3.00) 98 (97.00)  

  11+ 200 4 (2.00) 196 (98.00)  

Primary job role in the
slaughterhouse

Slaughtering 91 0 91 0.244

  Carcass processing 198 6(3.00) 192(97.00)  

  Clean intestines 25 0 25(100.00)  

  Cleans
slaughterhouse

22 0 22(100.00)  

  Retails meat 64 3(4.70) 61(95.30)  
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Variable     Knowledge  

Category Total Good
(%)

Poor (%) P
value

Animal slaughtered/meat
retailed

Cattle 187 3(1.60) 184(98.40) 0.106

  Goat 78 2(2.60) 76(97.40)  

  Sheep 6 0 6(100.00)  

  Pig 112 2(1.80) 110(98.20)  

  chicken 17 2(11.8) 15(88.20)  

NFE = no formal education, *Missing values were present in these two variables; age (2) and years of
work experience (1) which were excluded from analysis. Hence, the total number of cases for the 2
variables was not 400.
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Table 8
Association of socio-demographic characteristics of study participants and their attitudes towards

toxoplasmosis
Variable     Attitude  

Category Total Positive
(%)

Negative
(%)

P
value

Town Makurdi 200 103(51.50) 97(48.50) 0.110

  Gboko 200 88(44.00) 113(56.00)  

Gender Male 397 190(47.90) 207(52.10) 1.000

  Female 3 1(33.30) 2(66.70)  

*Age < 20 16 2(12.50) 14(87.50) 0.000

  21–30 133 52(39.10) 81(60.9)  

  >=31 249 136(54.60) 113(45.40)  

Education level NFE 45 10(22.20) 35(77.80) 0.000

  primary 124 44(35.50) 80(64.50)  

  Secondary 191 107(56.00) 84(44.00)  

  Tertiary 40 30(75.00) 10(25.00)  

Work type Slaughterhouse 196 79(40.30) 117(59.70) 0.003

  Meat shop 204 112(54.90) 92(45.10)  

*Years of work experience < 1 11 4(36.40) 7(63.60) 0.000

  1–5 87 37(42.50) 50(57.50)  

  6–10 101 33(32.70) 68(67.30)  

  11+ 200 116(58.0) 84(42.00)  

Primary job role in the
slaughterhouse

Slaughtering 91 41(54.10) 50(54.90) 0.000

  Carcass processing 198 104(52.5) 94(47.50)  

  Clean intestines 25 7(28.00) 18(72.00)  

  Cleans
slaughterhouse

22 2(9.10) 20(90.90)  

  Retails meat 64 37(57.80) 27(42.20)  

Animal slaughtered /meat
retailed

Cattle 187 93(49.70) 94(50.30) 0.724
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Variable     Attitude  

Category Total Positive
(%)

Negative
(%)

P
value

  Goat 78 40(51.30) 38(48.70)  

  Sheep 6 3(50.00) 3(50.00)  

  Pig 112 48(42.90) 64(57.10)  

  chicken 17 7(41.20) 10(58.80)  

NFE = no formal education, *Missing values were present in these two variables; age (2) and years of
work experience (1) which were excluded from analysis. Hence, the total number of cases for the 2
variables was not 400.
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Table 10
Association of socio-demographic characteristics of the study participants and their practices towards

toxoplasmosis prevention
Variable     Practices  

Category Total Good (%) Poor (%) P
value

Town Makurdi 200 117(58.50) 83(41.50) 0.305

  Gboko 200 127(63.50) 73(36.50)  

Gender Male 397 241(60.70) 156(39.30) 0.285

  Female 3 3(100.00) 0(0)  

*Age < 20 16 5(31.30) 11(68.80) 0.010

  21–30 133 75(56.40) 58(43.60)  

  >=31 249 163(65.50) 86(34.50)  

Education level NFE 45 20(44.40) 25(55.60) 0.116

  primary 124 78(62.90) 46(37.10)  

  Secondary 191 120(62.80) 71(37.20)  

  Tertiary 40 26(65.00) 14(35.00)  

Work type Slaughterhouse 196 109(55.60) 87(44.40) 0.030

  Meat shop 204 135(66.20) 69(33.80)  

*Years of work experience < 1 11 2(18.2) 9(81.80) 0.000

  1–5 87 40(46.00) 47(54.00)  

  6–10 101 62(61.40) 39(38.60)  

  11+ 200 139(69.50) 61(30.50)  

Primary job role in the
slaughterhouse

Slaughtering 91 57(62.60) 34(37.40) 0.001

  Carcass processing 198 138(69.70) 60(30.30)  

  Clean intestines 25 10(40.0) 15(60.00)  

  Cleans
slaughterhouse

22 10(45.50) 12(54.50)  

  Retails meat 64 29(45.30) 35(54.70)  

Animal slaughtered /meat
retailed

Cattle 187 107(57.20) 80(42.80) 0.015
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Variable     Practices  

Category Total Good (%) Poor (%) P
value

  Goat 78 49(62.80) 29(37.20)  

  Sheep 6 3(50.00) 3(50.00)  

  Pig 112 68(60.70) 44(39.30)  

  chicken 17 17(100.00) 0(0)  

NFE = no formal education, *Missing values were present in these two variables; age (2) and years of
work experience (1) which were excluded from analysis. Hence, the total number of cases for the 2
variables was not 400.

Abbreviations
KAP Knowledge Attitude and Practices

PPE Personal Protective Equipment

NFE No Formal Education

Declarations
Ethics Approval and consent to participate

This study was performed in line with the principles of the Declaration of Helsinki. Approval was granted
by the research ethics committee (Animal Ethics and Welfare Committee) of the College of Veterinary
Medicine, Joseph Sarwuan Tarka University, Makurdi, Nigeria (reference number:
JOSTUM/CVM/ETHICS/2025/21). Informed consent to participate was obtained from all of the
participants in the study.

Clinical trial number

Not applicable

Consent for publication:

Not applicable

Competing interests:
The authors declare that they have no competing interests.

Page 33/39



Authors' information
1Department of Veterinary Public Health and Preventive Medicine, College of Veterinary Medicine,
Joseph Sarwuan Tarka University, Makurdi, Nigeria.

2Nigerian Correctional Services, F.C.T. Command, Gwagwalada, F.C.T., Abuja, Nigeria.

3Department of Veterinary and Livestock Services, Ministry of Agriculture, Kaduna, Nigeria.

4Department of Veterinary Public Health and Preventive Medicine, Faculty of Veterinary Medicine,
University of Jos, Jos, Nigeria.

5National Animal Production Research Institute, Ahmadu Bello University, Zaria, Nigeria.

6Department of Veterinary Public Health and Preventive Medicine, Faculty of Veterinary Medicine,
Ahmadu Bello University, Zaria, Nigeria.

7Department of Veterinary Public Health and Preventive Medicine, Faculty of Veterinary Medicine,
University of Abuja, Abuja, Nigeria.

Funding:
The study was funded by the authors.

Author Contribution
INN drafted and substantially revised the manuscript based on feedback of other authors. RRM, EGH,
HID, ID, NHM, TAD, MAS, JOO and CAA have substantially revised the manuscript by providing feedback
and suggestions for revisions. INN, RRM, EGH, HID, ID, NHM, TAD, MAS, JOO and CAA contributed to the
conception of the work. INN, RRM, EGH, HID, ID, NHM, TAD, MAS, JOO and CAA contributed to the design
of the study. RRM, EGH, HID, ID, NHM, TAD, MAS, and JOO contributed to data collection. INN and JOO
contributed to data analysis. INN and CAA contributed to the supervision of the study. All authors have
approved the submitted version of the manuscript.

Acknowledgement
We sincerely acknowledge the cooperation of the slaughterhouse and meat shop workers during the
study.

Data Availability
Page 34/39



The data generated during the current study are available from the corresponding author on reasonable
request.

References
1. Dubey JP. Toxoplasmosis of animals and humans. 2nd ed. Boca Raton, FL: CRC; 2010.

2. Robert-Gangneux F, Dardé ML. Epidemiology of and diagnostic strategies for toxoplasmosis. Clin
Microbiol Rev. 2012. https://doi.org/10.1128/CMR.05013-11.

3. Perdana TM, Dwiputro AH, Kusuma S, Simanjuntak AMT, Wijayanto FPS. (2025). Seroprevalence of
anti-Toxoplasma IgG among the human population in Indonesia: a systematic review and meta-
analysis. BMC Public Health. 2025;25(1):194. https://doi.org/10.1186/s12889-025-21317-2

4. Manuel L, Comia IR, Miambo RD, Sousa IM, Cuboia N, Carimo A, Massuanganhe SJ, Buene TP, Banze
LR, Paraque BP, Nhancupe N, Schooley RT, Santos-Gomes GM, Noormahomed EV, Benson CA.
(2025). Seroprevalence and risk factors for Toxoplasma gondii infection in people living with HIV: a
cross-sectional study from Maputo Central hospital, Mozambique. Res Reports Trop Med.
2025;16:43–53. https://doi.org/10.2147/RRTM.S519938

5. Obijiaku IN, Kwaga JKP, Kabir J, Lawal IA, Blake DP. Seroprevalence and risk factors associated with
anti-Toxoplasma gondii antibodies in pregnant women attending antenatal clinics in Benue state,
Nigeria. Int J Res Med Sci. 2019;7(9):3280–8.

6. Olarinde O, Sowemimo OA, Chuang TW, Chou CM, Olasanmi SO, Ikotun K, Akinwale OP, Gyang VP,
Nwafor T, Olukosi AY, Chang JH, Fan CK. Toxoplasma gondii infection: seroprevalence and
associated risk factors for women of childbearing age in Osun State, Nigeria. Pathog Glob Health.
2022;116(1):59–65. https://doi.org/10.1080/20477724.2021.1949193.

7. Blackburn D, Mba N, Nwachukwu W, Zhou H, Hill A, Abbott A, Parameswaran N, Awala S, Greby S,
Alagi M, Iriemena NC, Okoye MI, Swaminathan M, Priest JW, Martin D, Straily A, Ihekweazu C.
Seroprevalence and risk factors for Toxoplasma gondii infection in women of reproductive age in
Nigeria in 2018. Am J Trop Med Hyg. 2024;111(5):1005–1014. https://doi.org/10.4269/ajtmh.24-
0107 Accessed 6 Dec 2025.

8. Center for Disease Prevention and Control (CDC). (2024).
https://www.cdc.gov/toxoplasmosis/prevention/index.html Accessed 10 Dec 2025.

9. Sint NH, Htun YM, Win TT, Mon AS, Lwin TZ, Maung LO, Win PS, Naing KM, Zaw TP, Naing PH, Tun
SNL, Kyaw AA, Wunna K, Su KK, Tun KM. Seroprevalence and associated risk factors of Toxoplasma
gondii infection among slaughterhouse workers in Yangon Region, Myanmar: A cross-sectional
study. PLoS ONE. 2026;18(4):e0284352. https://doi.org/10.1371/journal.pone.0284352.

10. Cook EAJ, de Glanville WA, Thomas LF, Kariuki S, Bronsvoort BMC, Fèvre EM. Working conditions
and public health risks in slaughterhouses in western Kenya. BMC Public Health. 2017;17(1):14.
https://doi.org/10.1186/s12889-016-3923-y.

11. Deshmukh AS, Hebbar BK, Mitra P, Shinde S, Chaudhari S, Barbuddhe SB. Seroprevalence and risk
factors of Toxoplasma gondii infection among veterinary personnel and abattoir workers in Central

Page 35/39



India. Parasitol Int. 2021;84:102402.

12. Cook EAJ, Gitahi N, de Glanville WA, Thomas LF, Kariuki S, Kang'ethe E, Fèvre EM. Prevalence and
risk factors for exposure to Toxoplasma gondii in slaughterhouse workers in western Kenya. BMC
Infect Dis. 2021;21:944. https://doi.org/10.1186/s12879-021-06658-8.

13. Hejazi SH, Kalantari R, Jafari R, Ghayour Z, Nokhodian Z, Esmaeilifallah M. Seroprevalence of
Toxoplasma infection in individuals occupationally exposed to livestock and raw meat: A case–
control study. Vet Med Sci. 2023;9(6):2642–7.

14. Mohammed A, Ahmed M, Ibrahim N. The global seroprevalence of Toxoplasma gondii infection in
workers occupationally exposed to animals (1972–2023): a systematic review and meta-analysis.
Vet Q. 2024;44(1):1–18. https://doi.org/10.1080/01652176.2024.2396577.

15. Alayande MO, Edungbola LD, Fabiyi JP, Faleke OO, Awosan KJ, Fadeyi A, Suleiman N. Sero-
prevalence of Toxoplasma gondii infection among abattoir workers in Sokoto, Nigeria. Sahel Med J.
2012;15(2):80–4.

16. Ekanem US, Moses AE, Abraham EG, Motilewa OO, Umo AN, Uwah AI, Itina EI. Seroprevalence of
anti-Toxoplasma gondii IgG antibody and risk factors among abattoir workers in Uyo, Southern
Nigeria. Niger J Clin Pract. 2018;21(12):1662–69.

17. Abraham EG, Moses AE, Motilewa USOO, Uwah AI, Itina EI, Umoh AN. Ocular toxoplasmosis among
livestock farmers and raw meat handlers in Uyo, Nigeria. Ethiop J Health Sci. 2021;31(2):257–66.
https://doi.org/10.4314/ejhs.v31i2.8.

18. Spring-nutrition.org. (2025). The KAP Survey Model (Knowledge, Attitudes, and Practices).
https://www.spring-nutrition.org/publications/tool-summaries/kap-survey-model-knowledge-
attitudes-and-practices Accessed 07 Dec 2025.

19. Desta AH. Knowledge, attitude and practice of community towards zoonotic importance of
Toxoplasma Infection in Central Afar region, North East Ethiopia. Int J Biomed Sci Eng.
2015;3(6):74–81. https://doi.org/10.11648/j.ijbse.20150306.12.

20. Chimi RN, Kouamo J, Simo Kouam MA, Fotsac MD, Chermapi Dembeng R, Kouengoua APK, Simo J,
Ngoula F. (2024). Toxoplasmosis and chlamydophilosis in small ruminant farms in Cameroon:
knowledge, attitudes, practices and perception of zoonotic risks of farmers. Vet Med Int.
2024;2946764 https://doi.org/10.1155/2024/2946764

21. Ntungwa HO, Katakweba A, Mkupasi E. Knowledge, attitude, and practices toward toxoplasmosis
among community members in Iringa municipal, Tanzania. East Afr J Sci Technol Innov.
2024;5(3):1–21.

22. Ode SA, Jubril AJ, Emikpe BO. Awareness and habits of Nigerians towards toxoplasmosis and risk
factors. PAMJ One Health. 2021;4(15). https://doi.org/10.11604/pamj-oh.2021.4.15.28586.

23. Thrusfield M, Christley R. Veterinary Epidemiology, 4th edition. New York, USA: John Wiley & Sons
Ltd;2018. p. 276.

24. Swedish International Centre for Local Democracy. Knowledge. attitudes and practices (KAP)
survey. https://icld.se/en/knowledge-attitudes-and-practices-kap-survey. Accessed 17 Aug 2026.

Page 36/39



25. Bello AL, Adekanye UO, Orakpoghenor O, Markus TP. Knowledge, attitude and practices of abattoir
workers and veterinarians toward meat safety in abattoir or slaughter slabs within Uyo Metropolis,
Akwa Ibom State, Nigeria. J Health Sci Res. 2023;8(2):30–7.
https://doi.org/10.25259/JHSR_4_2023.

26. Okojokwu O, Mawak J, Cirfat N, David S, Gwan I, Nkup J, Benjamin M, Adaji G, Azi H. Seroprevalence
and occupational risk factors for Toxoplasma gondii infection among abattoir workers and meat
handlers in Jos. Nigeria J Trop Med Public Health Solut. 2026;4(1):85–91.
https://doi.org/10.54117/jtmphs.v4i1.47.

27. Abdu D, Bashir UU, Jatau ID, Saulawa MA, Musa SH, Shehu S, Oyedeji LM. Toxoplasma gondii in
small ruminants and assessment of attitude and practices of workers in slaughter facilities in
Kaduna. Sokoto J Vet Sci. 2025;23(3):173–83. http://dx.doi.org/10.4314/sokjvs.v23i3.5.

28. Chalo SL, Mafie EM, Katakweba AS, Martin EM. The community knowledge, awareness, and
practices influencing transmission of toxoplasmosis in Mbeya District. J Ideas Health.
2023;6(2):836–46.

29. Amiri Z, Khademvatan S, Kazemi T, Yousefi E. Seroprevalence and risk factors associated with
toxoplasmosis and hydatidosis among the butchers of Tabriz city, the northwest of Iran: a case
control study. J Occup Med Toxicol. 2024;19:29. https://doi.org/10.1186/s12995-024-00427-4.

30. Ng IK. Adopting the Information-knowledge-attitude-practice Model for Transforming Health
Behaviors in Medical Practice. Oman Med J. 2024;39(3):e264.
https://doi.org/10.5001/omj.2024.120.

31. Dragomir A, Lupu MA, Maciuceanu CG, Chicea LM, Olariu TR. Risk factors associated with
Toxoplasma gondii in patients with cardiovascular diseases from Western Romania.
Microorganisms. 2024;12(4):673. https://doi.org/10.3390/microorganisms12040673.

Figures

Page 37/39



Figure 1

Map of the study area showing study locations. (Source: extracted and modified from the administrative
map of Nigeria)
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Figure 2

Knowledge, attitudes and practices for toxoplasmosis among study participants in Benue north-west
senatorial district, Nigeria.
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