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ARTICLE INFO ABSTRACT

Toxoplasma gondii is an apicomplexan protozoan commonly found in both humans and animals
worldwide. This study aimed to investigate the presence of T. gondii in minced beef samples
collected from butcher shops and supermarkets in Aksaray Province, Turkiye. A total of 100
samples were analyzed by PCR, of which 3 (3%) tested positive. The prevalence was 4% in butcher
samples and 2.67% in supermarket samples. Sequencing analysis of three isolates revealed high
genetic similarity to previously reported T. gondii strains deposited in GenBank. This study
provides the first molecular evidence of T. gondii in minced beef from Aksaray, highlighting
potential public health concerns regarding foodborne transmission.
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Introduction

Toxoplasma gondii, regarded as one of the most
widespread parasitic zoonoses worldwide, belongs to the
phylum Apicomplexa and the order Coccidia, and is a
zoonotic protozoan parasite that infects nearly all warm-
blooded animal species, including humans (Dubey, 2004;
Kijlstra and Jongert, 2008; Santos et al., 2009; Qiu et al.,
2012; Celik et al., 2018; Gomes et al., 2020).

In the development of this disease, cats serve as both
the definitive and intermediate hosts, while nearly all
warm-blooded animals act as potential intermediate hosts
(Karatepe et al., 2001; Karageng et al., 2005; Jones and
Dubey, 2012; Celik et al., 2018; Igbal et al., 2018;
Pagmadulam et al., 2018).

T. gondii is transmitted through four main routes: (i)
medical interventions such as organ transplantation or

This work is licensed under Creative Commons Attribution 4.0 International License

blood transfusion, (ii) ingestion of oocysts shed in the feces
of domestic or wild cats, either directly from soil or via
contaminated food or water, (iii) consumption of tissue
cysts in raw or undercooked meat, and (iv) vertical
transmission from mother to fetus during pregnancy (Jones
and Dubey, 2012; Rahdar et al., 2012; Plaza et al., 2020;
Ducrocq et al., 2021; Shariatzadeh et al., 2021). Raw or
undercooked meat has been reported as a risk factor for T.
gondii infections in numerous outbreak investigations and
epidemiological studies (Igbal et al., 2018; Majeed and
Abbas, 2018). Since cattle are considered poor hosts for
this parasite, the consumption of beef or dairy products has
not been regarded as a major factor in the epidemiology of
T. gondii (Jones and Dubey, 2012; Qiu et al., 2012;
Shariatzadeh et al., 2021)
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T. gondii infection is generally asymptomatic (Qiu et
al., 2012). In cattle, sheep, and goats, acute toxoplasmosis
is of major public health concern both because it can cause
abortion and due to the risk of transmission to humans
(Karageng et al., 2005). In cattle, mild clinical signs such
as fever, cough, dyspnea, muscle tremors, head shaking,
lethargy, depression, and nasal discharge may occur (Celik
et al., 2018). In immunocompetent individuals, symptoms
of toxoplasmosis are usually mild and self-limiting;
however, in immunocompromised patients, the disease can
lead to severe or even life-threatening outcomes (Plaza et
al., 2020). Fewer than 20% of infected individuals develop
overt clinical disease, such as fever, lymphadenopathy, or
ocular inflammation (Kijlstra and Jongert, 2008). When
infection occurs in pregnant animals or humans, it can
result in early embryonic death and resorption, fetal death
and mummification, abortion, stillbirth, and neonatal
mortality (Mie et al., 2008; Jones and Dubey, 2012; Qiu et
al., 2012; Plaza et al., 2020).

Diagnosis is most commonly achieved using
immunological assays, molecular techniques, or a
combination of both approaches (Majeed and Abbas, 2018;
Shariatzadeh et al., 2021). Studies on the prevalence of
toxoplasmosis in cattle have been conducted in various
regions of the world (Santos et al., 2009; Jokelainen et al.,
2017; Majeed and Abbas, 2018; Pagmadulam et al., 2018)
aswell as in Turkey (Karatepe et al., 2001; Karagenc et al.,
2005; Celik et al., 2018). However, no prevalence studies
on this disease in cattle have been reported from the
Aksaray region.

The aim of this study was to investigate the presence of
T. gondii in minced beef samples obtained from butcher
shops and supermarkets in Aksaray Province, Turkiye,
using PCR-based molecular methods, and to evaluate the
genetic relationships of the obtained isolates through
phylogenetic analysis. In this way, the study intended to
reveal potential public health risks and contribute novel
data to the existing literature on the epidemiology of T.
gondii in cattle meat.

Material and Methods

The Study Area and Sample collection

The material of this study consisted of 100 minced beef
samples purchased from various butchers and markets in
the central district and the towns of Giilagag¢, Gilizelyurt,
Ortakdy, and Agacoren in Aksaray province in 2025. All
samples were transported to the laboratory under cold
chain conditions to preserve sample integrity and
subsequently stored at —20°C until DNA extraction
procedures were initiated.

DNA Extraction

From each minced beef sample, 200 mg was placed into
sterile Petri dishes, then finely minced using a sterile
scalpel. Subsequently, 25 mg was taken from each
processed sample and transferred into Eppendorf tubes.
DNA extraction was performed using the PureLink™
Genomic DNA Mini Kit (Invitrogen™, USA, K182002)
following the manufacturer’s protocol. The extracted DNA
samples were subsequently 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 -

CGCTGCAGACACAGTGCATCTGGATT-3') (Sah et
al.,, 2019). Each 20 pL reaction contained 12.8 pL
nuclease-free water, 0.8 puL of each primer (8 pmol), 4 uL
of 5x FIREPol® Master Mix (Solis BioDyne, Estonia), and
1.6 pL of template DNA. 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 samples
were subjected to bidirectional sequencing.

DNA Sequence Analysis and Phylogeny

Three 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).
Neospora caninum (EY977392.1) was used as the
outgroup. The bootstrap value was determined based on
1000 replicates to assess the reliability of the phylogenetic
tree.

Statistical Analysis

The SPSS Software v.16.0 (IBM, USA) and Chi-square
tests were used for data analysis. In general, P-values less
than 0.05 were statistically considered as significant.

Ethical Approval

This study was approved by Aksaray University
Animal Experiments Local Ethics Committee (Approval
no: 2025/04/36)

Results

PCR analyses conducted in this study revealed
positivity in 3 of the 64 minced meat samples (4.69%)
obtained from the province center (Figure 1).

The overall prevalence was determined to be 3%
(3/100) (p>0.05). Among the samples collected from
butcher shops, 4% (1/25) were positive, while 2.67%
(2/75) of the samples obtained from supermarkets were
tested positive (p>0.05) (Table 1). The sequence data
generated in this study were deposited in GenBank under
the accession numbers PX227289.1, PX227291.1, and
PX227290.1. Sequence comparison showed that isolate
PX227289.1 shared 99.63% identity with isolate
FJ656209.1 (Toxoplasma gondii), isolate PX227291.1
exhibited 97.76% identity with isolate MG574972.1, and
isolate PX227290.1 displayed 99% identity with isolate
MN958074.1 (Figure 2). DNA sequence chromatogram of
a representative Toxoplasma gondii-positive sample
(Figure 3).
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Figure 1. Conventional PCR amplification of Toxoplasma Figure 2. Phylogenetic tree constructed using Maximum
gondii. (M: Marker, N: Negative control, P: positive Likelihood analysis based on the Repeat region of T.
control; 1,2,3: positive samples (529 bp). gondii.
The bootstrap value was set at 1000, and Neospora caninum was used as
the outgroup.
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Figure 3. DNA sequence chromatogram of a representative Toxoplasma gondii-positive sample
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Table 1. Distribution of minced meat samples by districts and sources of collection

. Positive
Parameters Retail Source (n) o) % p
District
o Butcher 3 0
Giilagag Market 9 0 0.00
. Butcher 1 0
Guzelyurt Market 3 0 0.00
R Butcher 3 0
Ortakdy Market 9 0 0.00 0.783
. Butcher 2 0
Agacoren Market 6 0 0.00
Butcher 16 1
Merkez Market 48 5 4.69
Retail Source
Butcher 25 1 4.00
Market 75 2 2,67 0.735
Overall 100 3 3.00
Discussion

T. gondii, one of the most common zoonoses in warm-
blooded animals worldwide, is frequently detected in
widely consumed foods derived from sheep, goats, cattle,
buffalo, poultry, camels, and pigs (Majeed and Abbas,
2018). The prevalence of the disease varies depending on
regional, socio-cultural, geographic, and climatic factors
(Santos et al., 2009).

Studies conducted in different geographical regions of
the world using various methodologies have reported
differing prevalence rates (Garcia-Vazquez et al., 1993;
Karagenc et al., 2005; Opsteegh et al., 2011; Fereig et al.,
2016; Jokelainen et al., 2017; Celik et al., 2018;
Pagmadulam et al., 2018; Shariatzadeh et al., 2021). The
diagnostic approaches employed for investigating T. gondii
in cattle vary depending on the aim of the study and the
type of material examined. Serological assays, particularly
ELISA, are commonly used for screening large herds due
to their practicality, cost-effectiveness, and ability to
process a high number of samples in a short period of time
(Garcia-Vazquez et al., 1993; Sharma et al., 2008; Qiu et
al., 2012; Abdul Hamid et al., 2020). More classical
serological tests, such as the Sabin—Feldman Dye Test and
the Indirect Hemagglutination Assay (IHA), have also
been applied, although these methods are generally limited
to smaller sample groups (Karatepe et al., 2001; Qiu et al.,
2012; Yducel et al, 2014). In contrast, molecular
techniques, including nested PCR and real-time PCR,
directly detect the parasite’s DNA, thereby confirming the
presence of infection. As a result, molecular methods are
considered the most reliable tools for achieving definitive
diagnosis (Franco-Hernandez et al., 2016; Majeed and
Abbas, 2018).

In this study, the molecular (PCR) method was
employed, and the analyses revealed a prevalence of 3%.
This finding is consistent with previous studies conducted
in Uganda (3.8%) (Kakooza, 2018), Spain (3.3%) (Garcia-
Bocanegra et al., 2013), China (3.3%) (Yang et al., 2012),
and Poland (3.1%) (Holec-Gasior et al., 2013).

On the other hand, the prevalence detected in this study
was lower than those reported in Brazil (71%) (Santos et
al., 2009), Turkey (8-58%) (Kugiikerden, 1994; Karatepe
et al., 2001; Celik et al., 2018), Iraq (25.4%) (Majeed and

Abbas, 2018), Egypt (23.6%) (Fereig et al., 2016),
Mongolia (18.7%) (Pagmadulam et al., 2018), Portugal
(7.5%) (Lopes et al., 2013), and Switzerland (4.7%)
(Berger-Schoch et al., 2011), but higher than the rates
reported in China (2.6%) (Qiu et al., 2012), Iran (2.3%)
(Gharekhani, 2014), Canada (2.2%) (Igbal et al., 2018), as
well as the 0% prevalence reported in Iran (Sharif et al.,
2007) and Scotland (Plaza et al., 2020).

The differences in the prevalence rates of T. gondii
reported in studies on cattle and beef worldwide can be
attributed to various factors, including geographical and
climatic conditions, livestock management systems, cat
population  density and  environmental  oocyst
contamination, the type of samples analyzed (e.g., serum,
muscle tissue, aborted materials), and the diagnostic
methods employed (SFDT, ELISA, IHA, PCR).

Based on the sequencing results, the T. gondii isolate
obtained from butcher shop samples (PX227290.1) showed
99.58% similarity to isolates previously reported from cats
in China (EF648168.1) and from an otter in Italy
(MN958074.1). The isolate recovered from market
samples (PX227289.1) exhibited 99.63% and 99.26%
similarity, respectively, to isolates identified in sheep in
Turkey (PQ062232.1, PQ279523.1). Another market-
derived isolate (PX227291.1) demonstrated 99.21%
similarity to an isolate from sheep in Iran (MH884740.1)
and 99.00% similarity to an isolate from cattle in Iraq
(KX963353.1).

Conclusion

In this study, the prevalence of T. gondii in minced beef
samples marketed in Aksaray Province was determined as
3%. The findings support the notion that beef plays a
relatively minor role in the epidemiology of the parasite,
yet contamination cannot be entirely ruled out. This
research highlights the importance of monitoring
foodborne parasitic zoonoses and emphasizes the need for
broader molecular and serological investigations covering
larger sample sizes and different geographical regions.
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