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This study aimed to investigate the molecular prevalence of Toxoplasma gondii in minced sheep 

meat samples collected from retail stores in Aksaray province, Türkiye. A total of 100 samples were 

analyzed using PCR, and only parasite DNA was detected, with an overall prevalence rate of 15%. 

No statistically significant difference was observed between districts or retail sources (p>0.05). 

Sequencing results confirmed that the isolates showed a high level of similarity with T. gondii 

reference sequences. These findings suggest a potential food safety concern related to the 

consumption of undercooked sheep meat; however, the detection of parasite DNA alone does not 

confirm parasite viability or infectivity. 

 

 

Keywords: 

Toxoplasma gondii 

Minced meat 

Sheep 

Aksaray 

Türkiye 

 
 
a  haticeberna@selcuk.edu.tr  https://orcid.org/0000-0002-2094-3685   b  ozgeokty09@gmail.com  https://orcid.org/0000-0003-2577-3774 
c  burcakaslan@siirt.edu.tr  https://orcid.org/0000-0002-0130-970X   d  oyc@siirt.edu.tr  https://orcid.org/0000-0001-6365-2688 
e  m.yasul23@gmail.com  https://orcid.org/0000-0001-7948-5773   f  dradnanayan@gmail.com  https://orcid.org/0009-0009-6335-7019 
g 

 alibilginyilmaz@yyu.edu.tr  https://orcid.org/0000-0003-0749-2418   h 
 ilkercamkerten@aksaray.edu.tr  https://orcid.org/0000-0002-6952-7703 

i 
 mardic@aksaray.edu.tr  https://orcid.org/0000-0002-4193-1990      

 

 This work is licensed under Creative Commons Attribution 4.0 International License 

 

 

 

Introduction 

Toxoplasma gondii is a globally distributed zoonotic 

protozoan parasite that infects nearly all warm-blooded 

animals, including humans, livestock, and marine 

mammals (Dubey et al., 2005; Berger-Schoch et al., 2011; 

Aslan Çelik et al., 2020; Dubey et al., 2020; Yan et al., 

2023). Its ability to infect a wide range of hosts and invade 

almost all nucleated cells, except erythrocytes, has made it 

one of the most recognized protozoan parasites worldwide 

(Güler and Karatepe, 2019; Gökcecik et al., 2022; Koca et 

al., 2023). It is estimated that approximately 30% of the 

human population is infected with this parasite (Aspinall et 

al., 2002; Dawson et al., 2020). 

The parasite exhibits three distinct life forms—

tachyzoites, bradyzoites, and oocysts—depending on the 

host species and stage of infection (Güler and Karatepe, 

2019). Felids serve as both definitive and intermediate 

hosts, whereas humans and other animal species act solely 

as intermediate hosts (Sevgili et al., 2005; Yildiz et al., 

2015; Çakmak and Karatepe, 2017; Orunç-Kılınç et al., 

2023). Humans can become infected through ingestion of 

oocysts shed in cat feces and contaminating soil, food, or 

water; consumption of undercooked or raw meat 

containing bradyzoite tissue cysts; or congenital 

transmission of tachyzoites from mother to fetus during 

pregnancy (Aspinall et al., 2002; Vesco et al., 2007; 

Dubey, J. et al., 2011; Rahdar et al., 2012; Yildiz et al., 

2015; Lafrance-Girard et al., 2018; Dubey, J. P. et al., 

2020; Gazzonis et al., 2020; Plaza et al., 2020). The most 
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important route of transmission has been reported to be the 

consumption of raw or undercooked infected meat 

(Warnekulasuriya et al., 1998; Plaza et al., 2020; Yan et al., 

2023), which highlights the role of T. gondii as a foodborne 

public health risk (Mie et al., 2008).  The prevalence of 

infection varies with age, geographic location, dietary 

habits, and hygiene standards (Sroka et al., 2019). 

In sheep and other animals, toxoplasmosis is usually 

subclinical; however, in some acute cases, it may cause 

clinical signs such as fever, anorexia, diarrhea, weakness, 

and respiratory problems (Çakmak and Karatepe, 2017). 

As T. gondii is a major cause of abortion in small 

ruminants, it leads to economic losses in livestock 

production (Vesco et al., 2007; Paștiu et al., 2023).  

In humans with normal immune function, the disease is 

often asymptomatic (Plaza et al., 2020; Yan et al., 2023), 

but in severe cases, it may result in mental retardation, 

vision loss, and other congenital health disorders (Dawson 

et al., 2020; Rani et al., 2020; Paștiu et al., 2023; Yan et al., 

2023). Moreover, in immunocompromised individuals, 

including those with acquired immunodeficiency 

syndrome (AIDS) and organ transplant recipients, 

toxoplasmosis represents an important cause of morbidity 

and mortality (Bertoli et al., 1995; Jones et al., 2001; 

Dubey et al., 2005).  

Certain meat-processing methods such as salting, 

curing, freezing, or heating, are effective in inactivating T. 

gondii. Therefore, such products are unlikely to serve as 

infection sources. Consequently, the greatest risk for 

consumers is considered to originate from fresh meat 

products purchased in raw form (Kotula et al., 1991; Dubey 

et al., 2005). In Turkey, fresh sheep meat sold at retail 

outlets is regarded as the primary source of toxoplasmosis 

in consumers (Yildiz et al., 2015). Several studies have 

been conducted in different provinces of Turkey to 

determine the prevalence of ovine toxoplasmosis (Sevgili 

et al., 2005; Mor and Arslan, 2007; Yildiz et al., 2015; 

Çakmak and Karatepe, 2017; Güler and Karatepe, 2019; 

Aslan Çelik et al., 2020; Orunç-Kılınç et al., 2023). 

The aim of this study was to investigate the presence of 

T. gondii in minced sheep meat obtained from retail 

butchers and markets in Aksaray province using molecular 

methods and to assess the potential public health risks 

associated with its detection. In addition, the study aimed 

to analyze the genetic similarities of the detected isolates 

in order to characterize the epidemiological features of T. 

gondii strains circulating in the region. 

 

Material and Methods 

 

The Study Area and Sample collection 

A total of 100 minced sheep meat samples were 

collected between May and September 2025from 

butcheries  and supermarkets located in five districts of 

Aksaray province, Türkiye: Gülağaç (n=12), Güzelyurt 

(n=4), Ortaköy (n=12), Ağaçören (n=8), and Merkez 

(n=64). Of these, 25 samples were obtained from 

butcheries and 75 from markets. The district-based retail 

distribution was 3/9 in Gülağaç, 1/3 in Güzelyurt, 3/9 in 

Ortaköy, 2/6 in Ağaçören, and 16/48 in Merkez 

(butchery/market, respectively). Samples were not 

collected in equal numbers from each district; instead, the 

sampling distribution was determined according to the 

number and accessibility of butcheries and supermarkets in 

each district, as well as product availability during the 

study period. All samples were transported under cold 

chain conditions to the laboratory and stored at –20°C until 

DNA extraction. 

 

DNA Extraction 

Genomic DNA was extracted from 25 mg of each 

minced meat sample using the PureLink™ Genomic DNA 

Mini Kit (Invitrogen™, USA, K182002) according to the 

manufacturer’s protocol. Briefly, each sample was 

processed directly without an additional pre-

homogenization step and mixed with 180 μL PureLink® 

Genomic Digestion Buffer and 20 μL Proteinase K, 

ensuring that the tissue was completely immersed in the 

digestion mixture. The samples were then incubated at 

55°C overnight with occasional vortexing until lysis was 

complete. Extracted DNA samples were stored at –20°C 

until further analysis. 

 

PCR Amplification 

The 529-bp repetitive element of T. gondii was 

amplified using primers TgTox4F (5′-

CGCTGCAGGGAGGAAGACGAAAGTTG-3′) and 

TgTox4R (5′-

CGCTGCAGACACAGTGCATCTGGATT-3′) (Sah et 

al., 2019). Each 20 µL reaction contained 12.8 µL 

nuclease-free water, 0.8 µL of each primer (8 pmol), 4 µL 

of 5× FIREPol® Master Mix (Solis BioDyne, Estonia), and 

1.6 µL of template DNA. A positive control consisting of 

DNA from a previously confirmed Toxoplasma gondii-

positive sample and a negative control consisting of 

nuclease-free water were included in each PCR run. 

Amplification conditions included initial denaturation at 

95°C for 5 min, followed by 35 cycles of 95°C for 60 s, 

60°C for 60 s, and 72°C for 60 s, with a final extension at 

72°C for 10 min. PCR products were visualized on a 1.5% 

agarose gel stained with RedSafe™ under UV 

illumination. Three positive samples were subjected to 

bidirectional sequencing. 

 

DNA Sequence Analysis and Phylogeny 

Purified PCR products were sequenced in both 

directions (BM Labosis, Ankara). Chromatograms were 

examined manually to exclude ambiguous base calls. 

Obtained sequences were compared with reference 

sequences deposited in GenBank using BLAST (Hall, 

1999). Phylogenetic analysis was conducted in MEGA 12 

software using the Maximum Likelihood method with 

1,000 bootstrap replicates (Trifinopoulos et al., 2016).  

 

Statistical Analysis 

Differences in prevalence between districts and retail 

sources were analyzed using Chi-square tests in SPSS 

v.16.0 (IBM, Chicago, IL, USA). A p-value < 0.05 was 

considered statistically significant. 

 

Ethical Approval 

Ethical clearance for the present study was obtained 

from the Aksaray University Animal Experiments Local 

Ethics Committee with an ethical approval number of 

2025/04/35. 
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Results 

 

As a result of the PCR analyses conducted in this study, 

a positivity rate of 15% (15/100) was detected (Figure 1). 

Among the districts, the highest prevalence was 

observed in Gülağaç (25%), while the lowest was recorded 

in Güzelyurt (0%). No statistically significant difference 

was found between districts (p>0.05). Of the samples 

collected from butcher shops, 20% (5/25) tested positive, 

whereas 13.33% (10/75) of the samples obtained from 

markets were positive (p>0.05) (Table 1).  

DNA sequence analysis of the isolates deposited in 

GenBank under accession numbers PX114119.1 and 

PX114117.1 revealed a 100% identity with T. gondii 

isolate MH884739.1, while isolate PX114118.1 showed 

98.80% similarity with T. gondii isolate MW115118.1 

when compared with the database using the NCBI Basic 

Local Alignment Search Tool (Figure 2). 

 

Discussion 

 

Toxoplasmosis, due to its zoonotic nature, is a disease 

of considerable importance for both human and animal 

health, and as a major cause of abortion in sheep, it leads 

to significant economic losses in sheep production (Mor 

and Arslan, 2007). 

Studies conducted in different geographical regions of 

the world using various methods have reported varying 

prevalence rates. The prevalence rate determined in this 

study (15%) is consistent with findings reported in Iraq 

(15.76%) (Majeed and Abbas, 2018), Scotland (16.5%) 

(Plaza et al., 2020), Iran (14%) (Rahdar et al., 2012), and 

Türkiye (10%) (Çakmak and Karatepe, 2017). 

However, the results of this study are lower than those 

reported in the UK (38%) (Aspinall et al., 2002), USA 

(53.4%) (Dubey, J. et al., 2011), Australia (43%) (Dawson 

et al., 2020), China (32.2%) (Yan et al., 2023), Spain 

(24.5%) (Peris et al., 2023), Italy (49.9%) (Vesco et al., 

2007), Romania (53.5%) (Paștiu et al., 2023), and Türkiye 

(20.8%–95.7%)  (Sevgili et al., 2005; Mor and Arslan, 

2007; Yildiz et al., 2015; Koca et al., 2023; Orunç-Kılınç 

et al., 2023; Olmez et al., 2024), but higher than those 

observed in the USA (0.19%) (Dubey, J. P. et al., 2020), 

Switzerland (2.0%) (Berger-Schoch et al., 2011), Canada 

(4.3%–11.1%) (Lafrance-Girard et al., 2018), and Türkiye 

(6%) (Güler and Karatepe, 2019; Aslan Çelik et al., 2020). 

 

  
Figure 1. Conventional PCR amplification of Toxoplasma 

gondii. (M: Marker, N: Negative control, P: positive 

control; 1,2,3: positive samples (529 bp). 

Figure 2. Phylogenetic relationships of T. gondii. isolates, 

using Maximum Likelihood method analysis based on 

repeat region. 
Numbers at the nodes represent the Bootstrap values (1000 bootstrap). 

Neospora caninum was used as an outgroup 
 

Table 1. Distribution of T. gondii prevalence in minced sheep samples by district and retail source 

Parameters Retail Source (n) 
Positive 

p 
(n) % 

District       

Gülağaç 
Butcher 3 1 

25.00 

0.713 

Market 9 2 

Güzelyurt 
Butcher 1 0 

0.00 
Market 3 0 

Ortaköy 
Butcher 3 0 

8.33 
Market 9 1 

Ağaçören 
Butcher 2 0 

12.50 
Market 6 1 

Merkez 
Butcher 16 4 

15.63 
Market 48 6 

Retail Source       

 Butcher 25 5 20.00 
0.419 

 Market 75 10 13.33 

Overall   100 15 15.00   
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The observed differences in prevalence may be 

attributed to multiple interrelated factors, including the 

methodology employed (serological vs. molecular), 

geographic region, age group, type of sample collected, 

sampling period, and the presence of definitive hosts such 

as cats. 

Due to the difficulty of diagnosing toxoplasmosis based 

on clinical signs alone, immunological (Majeed and Abbas, 

2018), serological methods (such as the Modified 

Agglutination Test, Sabin-Feldman dye test, IFAT, IHA, 

and ELISA) (Sevgili et al., 2005; Boughattas et al., 2014; 

Çakmak and Karatepe, 2017; Majeed and Abbas, 2018), 

and molecular techniques (PCR) (Boughattas et al., 2014; 

Majeed and Abbas, 2018) are commonly employed. 

Several studies have indicated that PCR provides 

advantages in the diagnosis of the disease (Berger-Schoch 

et al., 2011; Majeed and Abbas, 2018; Dawson et al., 2020; 

Plaza et al., 2020). In the present study, PCR analysis used 

for the detection of T. gondii revealed a prevalence rate of 

15%. 

As a result of the study, the T. gondii isolate obtained 

from samples collected at butcher shops (PX114117.1) 

showed 100% identity with sheep isolates from Turkey 

(PQ279521.1, PQ075939.1, PQ279525.1) and Iran 

(MH884735.1), while isolate PX114118.1 exhibited 

99.40% similarity with the same Turkish and Iranian 

isolates. The T. gondii isolate obtained from samples 

collected at markets (PX114119.1) demonstrated 100% 

identity with sheep isolates from Turkey (PQ279521.1, 

PQ075939.1, PQ279525.1) and Iran (MH884735.1). 

 

Conclusion 

 

This study revealed the presence of T. gondii DNA in 

sheep meat obtained from retail outlets in Aksaray 

province, providing important data for both public health 

and animal husbandry. A molecular detection rate of 15% 

was identified; however, this finding should be interpreted 

cautiously, since the detection of parasite DNA does not 

confirm parasite viability or infectivity. Since the 

consumption of raw or undercooked sheep meat can be a 

source of infection in humans, raising consumer awareness 

and strengthening food safety practices are important. 

Further bioassay-based and large-scale comparative 

studies are needed to evaluate the viability of the parasite 

and to better understand the epidemiology of 

toxoplasmosis in Türkiye. 
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