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Abstract 

Toxoplasma gondii is one of the most common zoonotic parasites worldwide. Among livestock, sheep 

have a higher prevalence of T. gondii infection. Toxoplasmosis causes abortion in sheep and has a high 

economic impact on sheep breeding. Human infection mainly occurs by eating undercooked or raw meat 

containing tissue cysts. The present study was conducted to determine the prevalence of T. gondii in the 

sheep slaughtered at the Malekan slaughterhouse. Of 300 sheep, 63 (21%) were serologically positive for 

anti-Toxoplasma antibodies. Of 133 male and 167 female sheep, the infection rates were determined as 

17.29% and 23.95%, respectively. The sheep were divided into three age groups: 1-2, 2-3, and over three 

years old, with infection rates of 23.26%, 19.02%, and 26.66%, respectively. There was no significant 

relationship between the age and sex of sheep with the prevalence of T. gondii. This study shows that sheep 

are an important source of T. gondii. Since sheep are an important animal to produce livestock production 

such as meat in the region, it is suggested to consume meat after it is fully cooked to prevent and reduce 

infection. It is recommended that more studies should be conducted to compare the results obtained with 

the method used in this study with other serological and molecular methods.   
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Introduction 

Toxoplasma gondii is an intracellular 

protozoan parasite and the causative agent of 

Toxoplasmosis in humans and animals 

worldwide (Dubey, 2010). The parasite's final 

hosts are cats, while warm-blooded mammals, 

including humans and domestic animals such 

as sheep, and goats, serve as intermediate hosts 

(Stefanie, 2021). The final host sheds millions 

of oocytes through feces, contaminating the 

environment. When sporulated oocytes are 

ingested by the intermediate host, tissue cysts 

containing hundreds of bradyzoites can be 

formed in the various organs, including 

skeletal muscle, brain, and heart (Weiss and 

Kim, 2014; Armand et al., 2016). 

Complications of Toxoplasmosis in humans 

include abortion, eye problems, 

hydrocephalus, mental retardation, 

neurological problems, and, schizophrenia 

(Robert-Gangneux and Dard, 2012; Sugden et 

al., 2016). Consumption of raw or 

undercooked meat is a significant risk factor 

for T. gondii infection in humans (Jones et al., 

2009). Toxoplasmosis usually does not show 

obvious clinical signs in animals, but it can 
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lead to abortion and economic loss in livestock 

production, especially in sheep (Dubey, 2010; 

Gutiérrez-Exposito et al., 2021).  The 

prevalence of Toxoplasma infection varies 

based on region, weather, and diet in livestock 

and human communities (Tenter et al., 2000). 

In one study in Iran, the prevalence of 

Toxoplasma infection among pregnant women 

in Kashan was 42.7%, and in another study in 

Mashhad, 23.2% and 7.2% of the women 

referring to health centers were positive for 

IgG and IgM, respectively (Rasti et al., 2015; 

Sharifi et al., 2019). In the United States and 

the UK, it is estimated that between 16% and 

40% of the population is infected with T. 

gondii, while in Canada, 20% to 40% of human 

cases have been reported (Tenter et al., 2000; 

Messier et al., 2009; Dubey, 2010). There are 

many reports on T. gondii infection in sheep 

and other animals based on serology. In a study 

in Kerman, of 108 cats, 114 goats, and 90 

sheep, 2.7%, 1.7%, and 3.3% were positive by 

IFAT, respectively (Derakhshan and Mousavi, 

2012). In Golestan province in the north of 

Iran, the seropositivity rate among sheep was 

28.2%, according to IFA (Akhoundi and 

Youssefi, 2017). In a study at an abattoir in 

Sanandaj, serum antibodies against T. gondii 

were detected in cattle, sheep, and goats by 

MAT. The prevalence rates for cattle, sheep, 

and goats were 23.84%, 8.1%, and 12.74%, 

respectively (Khadem-erfan et al., 2019). 

 In Turkey, the rate of sheep Toxoplasmosis 

has been reported to be 10% using ELISA 

(Çakmak and Karatepe, 2017), while in an 

abattoir study in Egypt using ELISA, the 

infection rate was found to be 64.2% (Elfadaly 

et al., 2017). In Brazil, using the MAT method, 

70% of sheep were positive for T. gondii 

(Consalter et al., 2019). The diagnosis of 

Toxoplasmosis is commonly based on 

serological, histological, and molecular 

analyses of samples from intermediate or final 

hosts (Verhelst et al., 2014; Dawson et al., 

2020). Common serological methods for the 

detection of antibodies, such as ELISA, 

antibody immunofluorescence, and direct 

agglutination tests, are available (Remington et 

al., 2001; Dubey, 2010). In the Malekan 

region, sheep farming is common, but there 

have been no reports on T. gondii infection rate 

in sheep. Therefore, we conducted a study 

using the MAT method to determine the 

prevalence of Toxoplasma infection in sheep. 

 

Materials and methods 

Sample size and sampling 

Based on previous studies and statistical 

formulas, 300 samples were selected with an 

accuracy of 5% and a confidence level of 95%. 

Referring to the twice-weekly Malekan 

slaughterhouse, Sheep are divided into two 

groups, male and female, and three age groups: 

1 to 2, 2 to 3, and over three years old. Blood 

samples were randomly collected using 

vacuum blood collection tubes without 

anticoagulant and then immediately transferred 

to the Parasitology Laboratory of the Islamic 

Azad University, Malekan branch, left at room 

temperature (27 °C) for two h, and centrifuged 

at 2000 rpm for 10 minutes, and sera were 

stored at -20 °C until assayed. 

Detection of anti-Toxoplasma antibodies in 

serum samples 

A modified agglutination test was performed to 

determine specific antibodies against 

Toxoplasma antigens according to the method 

of Desmonts and Remington (1980). Briefly, 

serum samples were sequentially prepared 

using phosphate-buffered saline from 1:20 to 

1:160 dilutions, and killed tachyzoites of the 

Toxoplasma RH strain were used as antigens. 

Twenty-five µL of diluted serum and 25 µL of 

antigen suspension were added to each well of 

the plate, and the plates were placed in a 37 °C 

incubator for 12 hours. Antibody titer equal to 

or higher than 1:20 dilution was considered a 

positive sample. 

Statistical Analysis 

The SPSS software version 24 was used. The 

chi-squared test was used to analyze the data. 

The significance level p < 0.05 was considered. 
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Results 

Of 300 sheep, 63 (21%) were serologically 

positive for anti-Toxoplasma antibodies. The 

sample consisted of 133 males and 167 

females, with infection rates of 17.29% and 

23.95%, respectively (Table 1). The sheep are 

divided into three age groups: 1-2, 2-3, and 

over three years old, with infection rates of 

23.26%, 19.02%, and 26.66%, respectively 

(Table 2). 

 

 

Table 1. Comparison of Toxoplasma gondii infection in age groups in sheep slaughtered in Malekan slaughterhouse 

using Modified Agglutination Test (MAT). 

Age group No. of positive samples No. of negative samples Total    p-value 

1-2 year 

2-3 year 

>3 year 

10(23.26%) 

35(19.02%) 

18(26.66%) 

33(76.74%) 

149(80.98%) 

55(75.34%) 

43              0.561 

184 

73 

 

 

 

Table 2. Comparison of Toxoplasma gondii infection in male and female sheep slaughtered in Malekan 

slaughterhouse using Modified Agglutination Test (MAT). 

Gender No. of positive samples No. of negative samples Total p-value 

  

Female 40(23.95%) 127(76.05%) 167 0.160 

Male 23(17.29%) 110(82.70%) 133  

 

 

Discussion  

Among livestock, sheep play an important role 

in the epidemiology of toxoplasmosis. They 

are potential intermediate hosts of T. gondii, as 

the parasite cysts remain in their skeletal and 

cardiac muscle (Schlüter et al., 2014). In the 

present study, anti-T. gondii antibodies were 

detected in 21% of sheep slaughtered at the 

Malekan slaughterhouse using the MAT 

method, and no significant relationship 

between sex and infection was observed. (p = 

0.160). In most of the studies, MAT was used 

to evaluate the seroprevalence of T. gondii in 

different animals (Alvarado-Esquivei et al., 

2012; Garcia – Bocanegra et al., 2012). There 

is a high agreement between MAT and other 

serological methods, including indirect 

ELISA, for detecting serum antibodies against 

T. gondii in sheep (Mainar-Jaime and 

Barberan, 2007). Compared to ELISA and IFA 

tests, MAT is preferable due to its easy 

application, ease of use in single samples, 

visual evaluation of results, no need for precise 

tools, and testing of sera from any specific 

species due to no need for species-specific 

conjugates (Seefeldt et al., 1989). Different 

results have been obtained in studies conducted 

in different regions of Iran. Furthermore, the 

prevalence of T. gondii infection in sheep was 

12.2% in Kashan and 24.8% in Tabriz, as 

determined by ELISA (Rasti et al., 2015; 

Kavari et al., 2016). In Fars province, the 

prevalence of Toxoplasma infection in sheep 

was 29.5% using the MAT method, with no 

significant difference between seropositive 

animals and male and female animals, and no 

significant correlation between animal age and 

Toxoplasma infection (Asgari et al., 2013). 

Different results have been obtained in similar 

studies conducted in other countries. 

According to a slaughterhouse study, the 

prevalence of T. gondii infection in sheep was 

25% in China and 30.14% in India, as 

determined by the MAT method (Satbige et al., 

2016). Using ELISA, 8.3% of sheep were 

found to be infected in Algeria (Dahmani et al., 

2018), and 56% in Turkey (Oncel and Vural, 

2007). The differences in the prevalence of 
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Toxoplasma infection can be attributed to 

differences in weather conditions, feeding 

habits, and how the animals are raised and kept 

(Mostavafvi., 2012; Torgerson and 

Mastroiacovo, 2013). The present study was 

conducted in the spring, and the sheep grazed 

in the pasture, which may have contributed to 

the results. A study in two mountainous 

regions in China found that the incidence of 

infection was highest in spring (22.5%) and 

summer (23.6%), while it was lower in autumn 

(18.4%) and winter (16.5%) (Yin et al., 2015). 

Other reasons for differences in rates of 

toxoplasmosis include the sensitivity of 

diagnostic methods, the frequency of definite 

hosts, breeding methods and how they are fed, 

as well as age differences of animals (Tenter et 

al, 2000). Age is also an important risk factor 

for Toxoplasmosis in sheep, with the 

prevalence of infection increasing as the age of 

animals increases, indicating the transmission 

of the disease in the postnatal period (Andrade 

et al., 2013; Tegegne et al., 2016; Sah et al., 

2018; Tagel et al., 2019). The prevalence of T. 

gondii infection in sheep over three years of 

age was higher than in sheep under three years 

of age in the present study. However, there was 

no statistically significant relationship between 

age groups and the level of infection level (p = 

0.561). Katzer et al. (2011) reported that the 

seropositivity rate in sheep increased from 

37.7% in 1-year-old sheep to 73.8% in sheep 

older than six years. Studies conducted in Iran 

have also confirmed this observation on age. 

Nematollahi et al. (2014), reported that the 

prevalence of Toxoplasma infection in 101 

sheep under two years of age was 9.9% and 

3.5% over two years of age, respectively. In the 

study of Raeghi et al. (2011), the prevalence in 

sheep over six months old was 26%, and sheep 

under six months old was 2.7%, respectively. 

In another study in Razavi Khorasan, the 

prevalence of T. gondii infection in young and 

adult sheep was 97.4% and 29.6%, 

respectively (Movassaghi et al., 2016). 

Conclusion 

This study shows that sheep are an important 

source of T. gondii. It is recommended to fully 

cook sheep meat to prevent and reduce 

infection since it is an important animal for 

livestock production, including meat in the 

region and Iran. It is suggested that more 

studies should be conducted to compare the 

results obtained with the method used in this 

study with other serological and molecular 

methods. 
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