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Sarcocystis spp. are apicomplexan zoonotic coccidian parasites with an obligate two-host life cycle. 

In this study, the presence of Sarcocystis spp. was investigated in 100 minced sheep meat samples 

collected from butcher shops and markets in Aksaray province and its districts, located in the 

Central Anatolia region of Türkiye, by conventional PCR targeting the 18S rDNA gene. A positivity 

rate of 65% was detected in the samples, with the highest prevalence found in Güzelyurt district 

(75%) and the lowest prevalence in Ortaköy district (58.33%). Molecular analyses based on 

conventional PCR targeting the 18S rDNA gene identified Sarcocystis gigantea and Sarcocystis 

tenella species. Phylogenetic analyses revealed that these isolates exhibited high similarity with 

corresponding species from different regions of the world. Two representative PCR-positive 

isolates were subjected to bidirectional sequencing, and sequence editing and alignment were 

performed using BioEdit, while phylogenetic analysis was conducted in MEGA 12 using the 

Maximum Likelihood methodThe study demonstrates that Sarcocystis infections are prevalent in 

sheep in the region and may pose a potential risk to public health, highlighting the importance of 

molecular surveillance, hygienic meat production, and proper cooking practices for food safety. 
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Introduction 

Sarcocystis spp. are apicomplexan zoonotic coccidian 

parasites with an obligate two-host life cycle. These 

parasites complete their life cycles between definitive hosts 

(carnivorous) and intermediate hosts (herbivorous or 

omnivorous) (Levine, 1986; Dubey et al., 1989; Martínez-

Navalón et al., 2012; Hamidinejat et al., 2014). They are 

particularly prevalent in livestock such as sheep, goats, and 

cattle, where they cause infection in striated muscles, 

including the tongue, jaw, heart, esophagus, and diaphragm 

(Taşçı and Değer, 1989; Mirzaei Dehaghi et al., 2013). To 

date, more than 200 Sarcocystis species have been 

identified, exhibiting host specificity and a global 

distribution (Abdullah, 2021; Hussein et al., 2023). 

Certain Sarcocystis species exhibit high pathogenicity for 

their intermediate hosts, including Sarcocystis cruzi, S. 

suihominis, and S. ovicanis, which can induce fatal outcomes 

even in mild infections known as sarcosporidiosis. (Castro-

Forero et al., 2022). In sheep, four Sarcocystis species have 

been identified: Sarcocystis tenella, S. arieticanis, S. gigantea, 

and S. medusiformis (Bahari et al., 2014). Among these, S. 

tenella and S. arieticanis are pathogenic species transmitted 

by canids, forming microscopic cysts. In contrast, S. gigantea 

and S. medusiformis are non-pathogenic species transmitted 

by felids, producing macroscopic cysts (Sevinç et al., 2000; 

Dubey and Lindsay, 2006; Beyazit et al., 2007; Zangana and 

Hussein, 2017; Marandykina-Prakienė et al., 2022). 

http://creativecommons.org/licenses/by-nc/4.0/
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Additionally, rare species such as S. mihoensis and S. microps 

have been reported in sheep, further complicating the disease's 

epidemiology (Asma et al., 2017; Metwally et al., 2019). 

In the life cycle of Sarcocystis, intermediate hosts 

become infected by ingesting contaminated food or water 

containing sporocysts or oocysts, while definitive hosts 

acquire the parasite by consuming mature sarcocysts in 

infected muscle tissue (Hamidinejat et al., 2014; Abdullah, 

2021; Marandykina-Prakienė et al., 2022). Sarcocysts 

primarily develop in the muscles of intermediate hosts, 

whereas sporocysts mature in the small intestine of 

definitive hosts (Marandykina-Prakienė et al., 2022). 

Although pathogenicity varies among species, canid-

transmitted species are generally more virulent than those 

transmitted by felids (Mirzaei Dehaghi et al., 2013; Castro-

Forero et al., 2022). 

This foodborne pathogen, present in raw or 

undercooked meat, poses significant zoonotic risks. 

Human infections may manifest as myalgia, fatigue, fever, 

and myositis (Castro-Forero et al., 2022). In intermediate 

hosts, the acute form presents with depression, anorexia, 

and tachycardia, while chronic infection leads to 

substantial economic losses through weight reduction, 

decreased milk yield, and reduced wool production. The 

species most commonly found in humans are Sarcocystis 

hominis and Sarcocystis suihominis, both associated with 

intestinal sarcocystosis, whereas Sarcocystis nesbitti has 

been identified in human muscular sarcocystosis 

(O'donoghue and Ford, 1986; Poulsen and Stensvold, 

2014; Castro-Forero et al., 2022). 

Natural Sarcocystis infections in sheep have been 

extensively studied across various countries, with reported 

prevalence rates ranging from 6% to 100%, depending on 

diagnostic methodologies (O'donoghue and Ford, 1986; 

Mirzaei Dehaghi et al., 2013; Parandin et al., 2015; Asma 

et al., 2017; Januskevicius et al., 2019).  

This study aimed to investigate the prevalence of 

sarcosporidiosis in minced sheep meat. Samples collected 

from various butcher shops and supermarkets across Aksaray 

province and its districts in Turkey's Central Anatolia region. 

To our knowledge, molecular data on the presence and species 

composition of Sarcocystis spp. in retail minced sheep meat 

from Central Anatolia are limited. Therefore, the present study 

is important not only for reporting regional prevalence but 

also for providing baseline molecular surveillance data 

relevant to food safety, meat hygiene, and One Health-based 

risk assessment. 

 

Material and Methods 

 

The Study Area and Sample collection 

The material of this study consisted of 100 minced sheep 

meat samples collected during May and June 2025 from 

various butcher shops and supermarkets in Aksaray province 

and its districts. Because the samples were collected as retail 

minced meat products, each sample may have represented 

tissue originating from one or more animals. Therefore, the 

study was designed to evaluate the molecular positivity of 

Sarcocystis spp. in retail minced sheep meat rather than to 

estimate individual animal-level prevalence or to identify the 

precise source of infection. The sampling framework was 

designed to represent different districts of Aksaray province 

and two retail source categories (butcher shops and 

supermarkets). 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 sheep meat 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 

Detection of Sarcocystis spp. was performed by 

conventional polymerase chain reaction (PCR) targeting a 

conserved region of the 18S ribosomal DNA (rDNA) gene. 

The primer pair employed consisted of a forward primer (5′-

CGCAAATTACCCAATCCTGA-3′) and a reverse primer 

(5′-ATTTCTCATAAGGTGCAGGAG-3′), as described by 

Moré et al. (2011) PCR amplification was conducted in a final 

reaction volume of 20 μL, comprising 12.8 μL of 

DNase/RNase-free distilled water, 0.8 μL (8 pmol) of each 

primer, 4 μL of 5× FIREPol® Master Mix (Solis BioDyne, 

Estonia), and 1.6 μL of extracted genomic DNA. The 

amplification protocol included an initial denaturation at 95°C 

for 5 minutes, followed by 37 cycles of denaturation at 95°C 

for 40 seconds, annealing at 59°C for 30 seconds, and 

extension at 72°C for 1 minute, with a final extension step at 

72°C for 6 minutes. In each PCR run, a previously confirmed 

Sarcocystis-positive DNA sample was used as a positive 

control, while nuclease-free water served as a negative 

control. Subsequently, PCR products were subjected to 

electrophoresis on a 1.5% agarose gel stained with RedSafe™ 

Nucleic Acid Staining Solution.  Band images were then 

viewed under ultraviolet (UV) light. Two positive samples 

obtained from butcher shops and supermarkets in the city 

center were subjected to bidirectional sequencing analysis. 

These samples were selected as representative PCR-positive 

amplicons for preliminary molecular confirmation. Therefore, 

the sequencing results were intended to support sequence-

based identification of representative isolates rather than to 

provide comprehensive species-level characterization of all 

PCR-positive samples. 

 

DNA Sequence Analysis and Phylogeny 

The obtained sequences from the isolates were 

analyzed using the BioEdit Sequence Alignment Editor 

program (Hall, 1999).  A phylogenetic tree was constructed 

using a dataset consisting of both the DNA sequences 

obtained in this study and the 18S rRNA gene sequences 

of reference strains retrieved from NCBI (accession 

numbers: MK420020.1, PP863851.1, OM618110.1, 

PP227420.1, PV460240.1, KU247910.1, KP263759.1, 

MT471377.1, MT737942.1, MT737932.1, LC214877.1), 

which demonstrated the phylogenetic relationships among 

the study samples (Altschul et al., 1990). For phylogenetic 

tree construction, the datasets were aligned in BioEdit and 

then analyzed using the Maximum Likelihood statistical 
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method in MEGA 12 software. Model testing was 

performed, and the phylogenetic tree was generated with 

1000 bootstrap replicates according to the Bayesian 

Information Criterion (BIC) optimal model (Minh et al., 

2013; Trifinopoulos et al., 2016). Two PCR-positive 

samples were sequenced and the analysis was based solely 

on the 18S rRNA locus, the phylogenetic results were 

interpreted cautiously as preliminary molecular evidence. 

 

Statistical Analysis 

Statistical analysis was performed using the SPSS 

Software v.16.0 (IBM,Chicago, IL, USA). Differences in 

the prevalence between districts and retail source were 

analyzed by a Chi-square test. p Values < 0.05 were 

considered statistically significant. 

 

Ethical Approval 

This study was approved by Aksaray University 

Animal Experiments Local Ethics Committee (Approval 

no: 2025/04/34). 

 

Results 

 

The results of this study revealed an overall positivity 

rate of 65% (65/100) (Table 1), with PCR analysis yielding 

700 bp amplification products (Figure 1). District-wise 

analysis showed the highest prevalence in Güzelyurt 

district (75%), while the lowest prevalence was observed 

in Ortaköy district (58.33%). However, no statistically 

significant difference was detected among districts 

(p>0.05). Regarding sample sources, positivity rates were 

64% (16/25) in butcher shops and 65.33% (49/75) in 

supermarkets, with no statistically significant difference 

between these sources (p>0.05) (Table 1). 

The 18S rRNA gene sequences obtained from the 

butcher shop sample (PV848985.1) showed 100% identity 

with S. gigantea (PP863851.1), while the supermarket 

sample (PV848984.1) exhibited 100% identity with S. 

tenella (KP263759.1) when analyzed using NCBI's Basic 

Local Alignment Search Tool (BLAST). However, these 

sequence matches should be interpreted as preliminary 

species-level assignments for the two sequenced 

representative isolates, since only a limited number of 

PCR-positive samples were sequenced and only a single 

genetic marker was analyzed. Model selection based on the 

BIC identified the T92+I as the optimal evolutionary 

model. This model was subsequently employed for the 

construction of the phylogenetic tree (Figure 2). 

 

Table 1. Distribution of minced sheep meat samples by district and retail source. 

District Retail Source No. examined (n) 
Positive 

p value 
No. positive (n) Positivity % 

Gülağaç 
Butcher 3 2 

66.67 

0.977 

Supermarket 9 6 

Güzelyurt 
Butcher 1 1 

75.00 
Supermarket 3 2 

Ortaköy 
Butcher 3 2 

58.33 
Supermarket 9 5 

Ağaçören 
Butcher 2 1 

62.50 
Supermarket 6 4 

Merkez 
Butcher 16 10 

65.63 
Supermarket 48 32 

Total  Butcher 25 16 64.00 
0.904 

Total  Supermarket 75 49 65.33 

Overall   100 65 65.00  

 

 
 

Figure 1. Sarcocystis spp. band image in %1.5 agarose gel 

electrophoresis 
M: Marker N: Negative control P: Positive control 1,2,3,4,5,6,7: positive 

samples (700 bp) 

Figure 2. Phylogenetic relationships of Sarcocystis spp. 

isolates, using Maximum Likelihood method analysis based 

on 18s rRNA gene region. 
Numbers at the nodes represent the Bootstrap values (1000 bootstrap). 

Neospora caninum was used as an outgroup. 
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Discussion 

Sarcocystis spp. are parasites from the phylum 

Apicomplexa that are commonly found in livestock and 

possess zoonotic potential. They pose a significant public 

health risk, particularly due to their ability to be transmitted 

to humans through the consumption of raw or undercooked 

meat (Abdullah, 2021). In this study, Sarcocystis spp. were 

detected in 65% of minced sheep meat samples collected 

from Aksaray province, located in the Central Anatolia 

Region of Türkiye. These findings indicate that Sarcocystis 

DNA is commonly detectable in retail minced sheep meat 

marketed in the region and may pose a potential risk to 

public health. However, because the samples were 

obtained from retail minced meat rather than directly from 

slaughterhouses or individually identified carcasses, these 

data should be interpreted as product-level positivity rather 

than direct evidence of individual animal-level prevalence. 

The statistical analysis did not reveal significant 

differences either among districts or between butcher shop 

and supermarket samples (p>0.05). This pattern may 

suggest that Sarcocystis positivity is relatively widespread 

across the sampled retail network in Aksaray province 

rather than being concentrated in a particular district or 

retail source. Nevertheless, these non-significant findings 

should be interpreted cautiously because some subgroup 

sizes were limited and the sampled material consisted of 

retail minced meat rather than traceable carcass 

tissues.Studies conducted in different geographical regions 

worldwide have reported varying prevalence rates of 

Sarcocystis infection using different detection methods. 

The prevalence rate observed in our study (65%) shows 

partial consistency with previous reports from Van, Turkey 

(51-55%) (Taşçı and Değer, 1989; Sancak et al., 1995). 

However, this rate is lower than those reported in high-

prevalence regions such as Algeria (99.14%) (Asma et al., 

2017), Iran (100%) (Parandin et al., 2015), Lithuania 

(100%) (Januskevicius et al., 2019), Germany (85.4%) 

(Boch and Erber, 1981), and other Turkish provinces 

(İzmir 86.5%, Konya 92.95%) (Sevinç et al., 2000; Beyazit 

et al., 2007). Conversely, our findings indicate higher 

prevalence compared to low-prevalence areas including 

Saudi Arabia (39.5%) (Metwally et al., 2019) and Spain 

(12%) (Martínez-Navalón et al., 2012).  

The observed variations in prevalence can be attributed 

to multiple interrelated factors. Climate of Aksaray may 

influence the survival and environmental persistence of 

sporocysts, and differences in temperature, humidity, and 

precipitation may directly affect parasite viability. In 

addition, the proximity and frequency of contact between 

definitive hosts (especially dogs and cats) and intermediate 

hosts such as sheep may play a critical role in maintaining 

transmission. In rural areas of Central Anatolia, the 

presence of free-roaming dogs and cats may facilitate the 

transmission cycle observed in the present study. . This 

interpretation is supported by recent evidence showing that 

Sarcocystis infection remains highly prevalent in sheep and 

goats worldwide, with pooled prevalence estimates of 

66.3% and 52.1%, respectively, and that coinfection with 

S. tenella and S. arieticanis frequently occurs in sheep 

populations (Feng et al., 2023). Moreover, molecular 

identification of S. tenella from domestic dog feces has 

confirmed the role of dogs as definitive hosts in the life 

cycle of this parasite, reinforcing the epidemiological 

importance of dog–sheep contact in endemic settings 

(Elshahawy et al., 2023). Environmental monitoring 

studies have also demonstrated that Sarcocystis spp., 

including S. tenella, can be detected in water, hay, and soil 

samples from farms, indicating that contaminated feed and 

water may contribute to parasite transmission among 

livestock (Baranauskaitė et al., 2025).Furthermore, other 

contributing factors may include differences in sample 

sizes, examined tissues, diagnostic methods, as well as 

animal age and breed across various studies. Since minced 

meat may contain mixed tissues from multiple animals, the 

calculated 65% positivity rate should be interpreted as the 

proportion of PCR-positive retail samples rather than as a 

true prevalence estimate at the individual animal level. 

Likewise, the retail origin of the material limits direct 

conclusions regarding the farm, slaughterhouse, or exact 

transmission source of infection. Nevertheless, retail 

minced meat remains an epidemiologically relevant matrix 

for assessing consumer exposure and food safety-related 

circulation of Sarcocystis spp. in the meat supply chain. 

The diagnosis of Sarcocystis infections employs 

various methods including macroscopic examination 

(Hussein et al., 2023), microscopic techniques (Abdullah, 

2021), artificial digestion (Moré et al., 2011; Castro-Forero 

et al., 2022), and molecular approaches (Hamidinejat et al., 

2014; Castro-Forero et al., 2022). Among these, PCR-

based methods have emerged as particularly valuable tools 

for species-level identification. PCR assays targeting 

conserved gene regions such as 18S rDNA enable rapid 

and reliable differentiation of Sarcocystis spp., thereby 

providing significant contributions to epidemiological 

studies (Hamidinejat et al., 2014; Abdullah, 2021; Castro-

Forero et al., 2022).Species-level interpretation was based 

solely on the 18S rRNA gene, a relatively conserved 

marker with limited discriminatory power for closely 

related Sarcocystis species. Accordingly, future studies 

should employ additional genetic markers such as cox1 and 

ITS1, along with sequencing of a greater number of 

positive samples, to enable more robust species-level 

characterization. Despite these limitations, the study 

remains scientifically valuable because it addresses 

Sarcocystis contamination in retail minced sheep meat, an 

epidemiologically relevant food matrix with direct 

implications for food safety, consumer exposure, and 

parasite surveillance in the meat supply chain.  

Molecular analysis of 18S rDNA gene sequences in this 

study identified S. gigantea (syn. S. ovifelis) and S. tenella 

(syn. S. ovicanis) in sheep, consistent with previous global 

reports including: Algeria (S. gigantea, S. tenella, and S. 

arieticanis) (Asma et al., 2017), Saudi Arabia (S. tenella) 

(Metwally et al., 2019), Australia (S. gigantea and S. 

tenella) (O'donoghue and Ford, 1986), Iraq (S. tenella) 

(Zangana and Hussein, 2017), Iran (S. gigantea) 

(Hamidinejat et al., 2014), Lithuania (S. arieticanis and S. 

tenella) (Marandykina-Prakienė et al., 2022), and Turkey 

(S. gigantea and S. tenella) (Taşçı and Değer, 1989; Öztürk 

and Küçükerden, 1996; Sevinç et al., 2000; Beyazit et al., 

2007). These findings confirm the widespread distribution 

of these parasite species in sheep populations across 

different geographical regions.  
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The S. gigantea isolate (PV848985.1) showing 100% 

sequence similarity with game deer (PP863851.1) and feral 

pigs (PP863850.1) isolates obtained from Australia 

indicates a high level of global genetic conservation for this 

species. Similarly, the S. tenella isolate (PV848984.1) also 

showed 100% similarity with sheep isolates from 

Argentina (MF401626.1) and Tunisia (KY613625.1), as 

well as a goat isolate from Egypt (PP657636.1). Thus the 

detection of both species is epidemiologically significant. 

S. tenella, transmitted by canids and forming microscopic 

cysts, is a pathogenic species that can cause clinical disease 

in sheep. In contrast, S. gigantea, which is transmitted by 

felids and forms macroscopic cysts, is generally considered 

non-pathogenic; however, it may have negative effects on 

organoleptic quality of  meat and consumer acceptance. 

Although S. tenella is not regarded as one of the principal 

Sarcocystis species responsible for human intestinal 

sarcocystosis, which is more commonly associated with 

zoonotic species such as S. hominis and S. suihominis, its 

detection in minced sheep meat remains important from a 

food hygiene and One Health perspective (Baranauskaitė 

et al., 2025; Tabrizi et al., 2025). Accordingly, the novelty 

of the present study should be interpreted in terms of 

matrix-specific molecular evidence and regional 

epidemiological documentation rather than geographic 

description alone. Recent studies on meat products have 

shown that the presence of Sarcocystis spp. in processed or 

retail meat reflects ongoing transmission in food animals 

and highlights the need for strengthened meat inspection 

and prevention strategies (Tabrizi et al., 2025). In minced 

meat, grinding and mixing may facilitate the wider 

distribution of parasitized tissue within a batch and 

increase the possibility of contamination during 

processing, storage, and retail display, particularly when 

hygiene standards are inadequate (Tabrizi et al., 2025; 

Zewude et al., 2025). In addition, slaughterhouses and 

retail outlets are recognized as critical points for cross-

contamination in the meat supply chain, emphasizing the 

importance of effective hygienic measures during 

slaughter, distribution, and retail handling (Zewude et al., 

2025). Therefore, the present findings should be 

interpreted within a One Health framework, emphasizing 

integrated control measures at farm, slaughterhouse, retail, 

and consumer levels, including restricting dog and cat 

access to feed and carcass waste, improving environmental 

sanitation, strengthening meat hygiene and inspection 

practices, maintaining the cold chain, and ensuring 

adequate cooking before consumption (Baranauskaitė et 

al., 2025; Zewude et al., 2025). The present study has 

several limitations that should be taken into account when 

interpreting the findings. First, because the sampling 

design was based on retail minced sheep meat obtained 

from butcher shops and supermarkets, the results do not 

allow direct inference regarding the precise infection 

source or individual animal-level prevalence. Second, 

molecular characterization relied exclusively on the 18S 

rRNA gene, a relatively conserved marker that may 

provide limited resolution for the discrimination of closely 

related Sarcocystis species. Third, only 2 of the 65 PCR-

positive samples were sequenced; therefore, the resulting 

sequence data should be regarded as representative 

preliminary molecular evidence rather than a 

comprehensive reflection of species diversity among all 

positive samples. Future investigations should incorporate 

slaughterhouse-based or individually traceable tissue 

sampling, broader sequencing of positive samples, and 

additional genetic markers such as cox1 and ITS1 to enable 

more robust species-level characterization. Despite these 

limitations, the study remains scientifically valuable 

because it provides molecular evidence of Sarcocystis spp. 

in retail minced sheep meat, an epidemiologically relevant 

food matrix with direct implications for food safety, 

consumer exposure, and parasite surveillance within the 

meat supply chain. 

 

Conclusion 

 

This study demonstrates that Sarcocystis spp. 

infections are prevalent in minced sheep meat samples 

from the Aksaray region and highlights the potential risk 

associated with the consumption of raw or undercooked 

meat. Although sequence analysis of two representative 

PCR-positive samples suggested similarity with S. 

gigantea and S. tenella, these findings should be 

interpreted cautiously because only a limited number of 

samples were sequenced and only the 18S rRNA gene was 

analyzed. Furthermore, as the samples were collected from 

retail minced meat, the results reflect product-level 

molecular positivity rather than direct animal-level 

prevalence. Despite these limitations, the study provides 

valuable baseline data for future research on food safety, 

transmission dynamics, and regional surveillance of 

Sarcocystis spp. Appropriate control measures, including 

restricting contact between definitive and intermediate 

hosts and ensuring adequate cooking of meat, are 

recommended. 
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