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Cryptosporidium spp. is an important enteric protozoan with zoonotic potential that infects both 

humans and animals. Data on the incidence and molecular characteristics of Cryptosporidium spp. 

in dogs in Türkiye remain limited. This study was conducted to determine the prevalence and 

molecular characterization of Cryptosporidium spp. in owned dogs in Iğdır Province. Fecal samples 

were collected from 146 owned dogs. The fecal samples were analyzed using nested PCR targeting 

the 18S rRNA gene. Samples positive for Cryptosporidium spp. were sequenced using the Sanger 

sequencing method, and phylogenetic analyses were performed. Microscopy detected oocysts in 

2.05% (3/146) of samples, whereas nested PCR detected positivity in 4.11% (6/146) of samples. 

The prevalence of Cryptosporidium spp. was 4.41% in females and 3.85% in males (P > 0.05). The 

infection rate in dogs younger than one year (6.90%) was higher than that in dogs older than one 

year (2.27%), although the difference was not statistically significant (P > 0.05). All four 

successfully sequenced isolates were identified as Cryptosporidium parvum (100% identity to 

GenBank references) and clustered within the C. parvum lineage in the phylogenetic analysis. The 

detection of zoonotic C. parvum suggests that dogs in Iğdır may serve as potential reservoirs of 

infection for humans, particularly in areas where close contact is frequent. This study provides 

valuable molecular epidemiological data on Cryptosporidium species. 
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Introduction 

Cryptosporidium spp. are obligate intracellular 

protozoa belonging to the phylum Apicomplexa and are 

widely distributed worldwide, causing significant enteric 

infections in humans and numerous vertebrate species. 

This zoonotic parasite, capable of infecting more than 280 

vertebrate hosts-including mammals, birds, reptiles, and 

fish-also holds critical importance for public health (Jian et 

al., 2014; Moreira et al., 2018; Ayan & Orunç Kılınç, 2020; 

Murnik et al., 2022; Çelik et al., 2023; Aslan-Celik et al., 

2024).  

Direct contact with infected animals, indirect contact 

with contaminated surfaces or objects, and the 

consumption of contaminated water or food constitute 

major transmission routes for both humans and animals. 

The infectious stage of Cryptosporidium, the oocyst, is 

shed in the feces of infected animals and can readily 

contaminate water and food sources, thereby facilitating 

transmission (Abe et al., 2002b; Moreira et al., 2018; Şahin 

et al., 2018; Tangtrongsup et al., 2020; Murnik et al., 2022; 

Çelik et al., 2023; Ayan et al., 2024). This situation poses 

a significant zoonotic risk and may lead to severe clinical 

outcomes, particularly in children and 

immunocompromised individuals (Xiao et al., 2007; 

Santín & Trout, 2008; de Oliveira et al., 2021) 

To date, over 40 species and numerous genotypes of 

Cryptosporidium have been described. While many exhibit 

http://creativecommons.org/licenses/by-nc/4.0/


Yılmaz et al. / Turkish Journal of Agriculture - Food Science and Technology, 14(6): 1723-1728, 2026 

1724 

 

host specificity, several zoonotic species can cross species 

boundaries between animals and humans (Murnik et al., 

2022; Çelik et al., 2023; Aslan-Celik et al., 2024). While 

Cryptosporidium hominis and Cryptosporidium parvum 

are the species most commonly associated with human 

infections, Cryptosporidium canis, Cryptosporidium felis, 

Cryptosporidium meleagridis, and several others have also 

been documented (Xiao & Feng, 2008; Santín, 2013; 

Uehlinger et al., 2013; Li, J. et al., 2019; Tangtrongsup et 

al., 2020). In dogs, the predominant species is C. canis, 

which is widely detected in both stray and household dog 

populations. However, studies have also demonstrated the 

presence of zoonotic C. parvum and, less frequently, 

Cryptosporidium muris, Cryptosporidium meleagridis, 

Cryptosporidium ubiquitum, and various rare genotypes 

capable of infecting dogs (Abe et al., 2002a; Mundim et al., 

2007; Uehlinger et al., 2013; Jian et al., 2014; Gil et al., 

2017; Moreira et al., 2018; Murnik et al., 2022). These 

findings suggest that dogs may serve as potential reservoirs 

of infection for humans (Şahin et al., 2018; Çelik et al., 

2023) 

Cryptosporidium infections in both humans and 

animals primarily manifest with gastrointestinal 

symptoms, and the severity of the clinical presentation 

largely depends on the host’s immune status. In dogs, the 

infection is frequently asymptomatic, allowing animals to 

become unnoticed carriers that shed oocysts into the 

environment. However, particularly in puppies, elderly 

dogs, or those with compromised immune systems, more 

pronounced clinical signs such as acute or chronic watery 

diarrhea, abdominal pain, vomiting, dehydration, anorexia, 

and weight loss may occur (Ayan & Orunç Kılınç, 2020; 

de Oliveira et al., 2021; Murnik et al., 2022; Çelik et al., 

2023; Ayan et al., 2024). In humans, cryptosporidiosis 

typically causes watery diarrhea, along with vomiting, 

nausea, abdominal pain, anorexia, weight loss, fever, and 

abdominal cramps. The course of the disease varies 

according to the host’s immune competence, and children 

are reported to be particularly susceptible, often 

experiencing more frequent and severe symptoms (Şahin et 

al., 2018). 

Close physical contact between companion animals and 

their owners underscores the importance of dogs and cats 

as potential carriers of zoonotic parasites, suggesting that 

these animals may pose a significant risk of human 

infection. In the presence of environmentally resistant 

pathogens such as Cryptosporidium, which can be readily 

transmitted via the fecal–oral route, such close contact 

heightens the likelihood of human exposure and 

underscores the need to consider zoonotic transmission as 

an important epidemiological concern (Moreira et al., 

2018; Murnik et al., 2022). 

Numerous studies have been conducted worldwide on 

Cryptosporidium spp., yet research investigating the 

prevalence of cryptosporidiosis in dogs in Türkiye remains 

limited. The aim of the present study is to determine the 

prevalence of Cryptosporidium spp. infections in the dog 

population of Iğdır Province, to molecularly characterize 

the species responsible for these infections, and to evaluate 

the potential zoonotic risk based on the data obtained. 

 

 

 

Materials and Methods 

 

The Study Area and Sample Collection 

The study material consisted of 146 fecal samples 

collected from diarrheic dogs brought to the Iğdır 

University Animal Hospital between January 15, 2024, and 

January 15, 2025. Although all dogs included in the study 

were owned, the majority were kept outdoors and had not 

received regular antiparasitic medication. Fresh fecal 

samples were collected directly into sterile containers 

within the first 5 minutes after defecation. To preserve 

parasite morphology and DNA integrity, the collected 

samples were placed in a 2.5% potassium dichromate 

(K₂Cr₂O₇) solution and stored at +4°C in a refrigerator until 

laboratory analysis. 

For microscopic analysis, all samples were processed 

using the Kinyoun Acid-Fast staining method, as 

previously described by Çelik et al. (2023). 

DNA Extraction 

Genomic DNA was extracted from each stool sample 

using Gene MATRIX STOOL DNA Purification Kit 

(EURx, Gdańsk, Poland) based on the manufacturer’s 

procedure. The extracted genomic DNA was stored at -

20°C until use.  

 

PCR Amplification 

Nested PCR was used to amplify the 18S rRNA gene 

from feces positive for Cryptosporidium spp. In the first 

round of nested PCR, the forward primer 5′-

TTCTAGAGCTAATACATGCG-3′ and the reverse 

primer 5′-CCCATTTCCTTCGAAACAGGA-3′ were used 

to amplify an approximately 1325 bp region. In the second 

round, the forward primer 5′-

GGAAGGGTTGTATTTATTAGATAAAG-3′ and the 

reverse primer 5′-AAGGAGTAAGGAACAACCTCCA-

3′ were used to amplify an approximately 834 bp region 

(Xiao et al., 2001). Both PCR reactions were prepared in a 

total volume of 25 μL. The mixture consisted of 2 μL DNA 

template (approximately 50-100 ng), 2.5 μL 10× PCR 

buffer (containing MgCl₂), 2 μL dNTP mix (2.5 mM each), 

0.5 μL forward primer (10 μM), 0.5 μL reverse primer (10 

μM), 0.2 μL Taq DNA polymerase (5 U/μL), and 17.3 μL 

DNase-free water. The thermal cycling conditions for both 

PCRs were as follows: initial denaturation at 94°C for 5 

minutes, followed by 35 cycles of denaturation at 94°C for 

45 seconds, annealing at 55°C for 45 seconds, and extension 

at 72°C for 60 seconds, with a final extension at 72°C for 7 

minutes (Çelik et al., 2023). The amplified PCR products 

were visualized under UV light after staining with RedSafe 

Nucleic Acid Staining Solution on a 1.5% agarose gel. 

 

Phylogenetic Analysis 

Purified PCR products were submitted to a commercial 

laboratory (BM Labosis, Ankara) for Sanger sequencing. 

The resulting sequences were examined using BioEdit 

(Hall et al., 2011) and aligned with the Clustal/W method 

(Higgins et al., 1996). Further analyses were performed 

using the NCBI/BLAST database 

(https://blast.ncbi.nlm.nih.gov/Blast.cgi) to compare the 

sequences with highly similar reference sequences.  
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Phylogenetic analysis of C. parvum was conducted 

based on the 18S rRNA locus, and additional isolates from 

GenBank were included. Phylogenetic trees were 

constructed using MEGA 12 software (Kumar et al., 2024). 

ModelTest implemented in MEGA 12 was used to 

determine the most appropriate evolutionary model, and 

the Tamura 3+I model (Tamura, 1992) was selected for 

Maximum Likelihood analysis. The reliability of the 

resulting phylogenetic relationships was assessed with 

1,000 bootstrap replications. Sarcocystis cruzi 

(MG787082.1) was used as the outgroup. 

 

Statistical Analysis 

The data obtained in the study were analyzed using 

SPSS V16.0 (IBM, Chicago, IL, USA). The relationship 

between grouped variables was calculated using the chi-

square test. The difference was considered statistically 

significant when P < 0.05. 

 

Results 

 

In the present study, microscopic examination revealed 

Cryptosporidium spp. oocysts in 2.05% (3/146) of the 

samples, whereas Nested PCR detected a higher positivity 

rate of 4.11% (6/146) (Figure 1). Regarding demographic 

factors, females exhibited a higher prevalence (4.41%) 

than males (3.85%), and dogs younger than one year 

showed a higher prevalence (6.90%) compared to those 

older than one year (2.27%); however, these differences 

were not statistically significant (P > 0.05) (Table 1). 

Only four samples could be successfully sequenced. Of 

the six PCR-positive samples, only four could be successfully 

sequenced. The remaining two PCR products yielded weak 

bands on the agarose gel and the DNA concentrations were 

below the optimal threshold required for reliable Sanger 

sequencing. Despite repeated attempts at re-amplification and 

purification, these two samples did not produce sequenceable-

quality amplicons and were therefore excluded from further 

molecular analysis. Comparison of the DNA sequences with 

the NCBI Basic Local Alignment Search Tool database 

indicated that all sequences corresponded to C. parvum, as 

demonstrated in the phylogenetic tree (Table 2). The obtained 

C. parvum sequences were deposited in GenBank under the 

accession numbers PX442338.1, PX442335.1, PX442301.1, 

and PX442336.1. Phylogenetic analysis based on the 18S 

rRNA locus showed that the C. parvum sequences identified 

in this study (PX442338.1, PX442335.1, PX442301.1, 

PX442336.1) clustered together within a distinct subclade 

along with reference C. parvum sequences retrieved from 

GenBank (OP861557.1, MK530165.1, MF074687.1, 

MF671870.1, OP861558.1, MF074663.1, OQ456119.1, 

AB513874.1, OP861565.1) (Figure 2). 

 

Table 1. Infection rates of Cryptosporidium spp. in dogs by sex and age 

Factor Examined (n) 
Microscopy Positive 

P 
PCR Positive 

P 
(n) (%) (n) (%) 

Sex             

Female 68 1 1.47 
0.642 

3 4.41 
0.864 

Male 78 2 2.56 3 3.85 

Age (Year)             

≤1 58 2 3.45 
0.34 

4 6.90 
0.168 

>1 88 1 1.14 2 2.27 

Total 146 3 2.05  6 4.11  

 

Table 2. The DNA sequences were deposited in GenBank as a result of this study. 

Pathogen 
Obtained Sequences Reference sequences from GenBank 

Host Target Gene Accession number Length (bp) Identity (%) Accession number 

C.parvum Dog 18S rRNA PX442301.1 777 100 OP861564.1, OP861557.1 

C.parvum Dog 18S rRNA PX442335.1 790 100 OP861564.1, OP861557.1 

C.parvum Dog 18S rRNA PX442336.1 768 100 AB513874.1, MF074635.1 

C.parvum Dog 18S rRNA PX442338.1 753 100 OP861564.1, OP861557.1 

 

 
 

Figure 1. Nested PCR agarose gel image. M: Marker, N: 

Negative control, P: Positive control, 10, 14, 16, 22, 28, and 

45 positive samples (826-864 bp). 

Figure 2. Phylogenetic tree illustrating the relationships 

among C. parvum isolates (PX442301.1, PX442336.1, 

PX442335.1, PX442338.1) based on the 18S rRNA gene 

region using the Maximum Likelihood method.  
Numbers at the nodes represent bootstrap values (1,000 replicates). 

Sarcocystis cruzi (MG787082.1) was used as the outgroup. 
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Discussion 

Cryptosporidium spp. ınfections in dogs were first 

identified in 1981 (Tzipori & Campbell, 1981), and 

numerous subsequent studies have demonstrated the global 

distribution and variable prevalence of this parasite (Abe et 

al., 2002b; Santín & Trout, 2008; Gil et al., 2017; de Oliveira 

et al., 2021; Ağaoğlu et al., 2022; Murnik et al., 2022; Çelik 

et al., 2023). Cryptosporidium infections are recognized as 

important zoonotic diseases that can cause severe health 

problems, particularly in immunocompromised individuals, 

children, and young animals (Moreira et al., 2018). Although 

dogs are most commonly infected with C. canis, the 

detection of zoonotic C. parvum, a species known to cause 

disease in humans in canine populations, underscores the 

potential role of dogs as reservoirs, thereby highlighting the 

public health relevance of this parasite (Ayan & Orunç 

Kılınç, 2020; Çelik et al., 2023).  

Stray dogs, shelter environments, and inadequate 

hygiene practices contribute to environmental 

contamination, facilitating the spread of infection and 

increasing the risk of human transmission. Therefore, a 

better understanding of the epidemiology of 

Cryptosporidium infections in dogs is crucial for developing 

effective control and prevention strategies to protect public 

health. (Santín and Trout, 2008; Çelik et al., 2023). 

Globally, prevalence studies of Cryptosporidium spp. 

ınfections in dogs reveal considerable variation, influenced 

by geographic region, diagnostic methods employed, and 

the animals' living conditions.  

The prevalence of Cryptosporidium in dogs detected in 

this study (4.11%) is consistent with the range reported in 

most global studies (2–12%), while higher rates in some 

regions (e.g., Romania 52.7%, Norway 44.1%) are likely 

due to differences in diagnostic methods, environmental 

conditions, and study populations (Abe et al., 2002b; Jian 

et al., 2014; Murnik et al., 2022). Similarly, studies from 

Türkiye show wide variation (0–64.7%), reflecting 

regional heterogeneity in climate, stray dog density, and 

hygiene practices (Ayan & Orunç Kılınç, 2020; Çelik et al., 

2023; Aslan-Celik et al., 2024). 

Studies conducted to date have utilized microscopic 

(Kim et al., 1998; Bugg et al., 1999; Ayan & Orunç Kılınç, 

2020), serological (Titilincu et al., 2010; Tangtrongsup et 

al., 2020), and molecular methods (Abe et al., 2002b; 

Piekara-Stępińska et al., 2021; Ağaoğlu et al., 2022; 

Murnik et al., 2022; Çelik et al., 2023) for the diagnosis of 

the disease. PCR-based assays are generally more sensitive 

than traditional culture techniques and can detect the 

organism even when fecal samples appear normal. Each 

diagnostic method varies in terms of sensitivity and 

specificity, and there is no universally accepted “gold 

standard” (Mirzaei, 2012). In the present study, 

microscopic examination detected a prevalence of 2%, 

while Nested PCR analysis revealed a prevalence of 4%. 

This prevalence rate is comparable to those reported in 

studies conducted in China (3.8%), Poland (3.4%), Spain 

(4.1%), and Türkiye (4.67%) (Jian et al., 2014; Gil et al., 

2017; Piekara-Stępińska et al., 2021; Çelik et al., 2023; 

Ayan et al., 2024). In contrast, the infection rate observed 

in the present study is higher than those reported in Brazil 

(1.4%) and China (2.2%) (Mundim et al., 2007; Li, W. et 

al., 2015), but lower than rates documented in Brazil 

(26.68%), Romania (52.7%), Germany (10%), Norway 

(44.1%), and Türkiye (Hamnes et al., 2007; Titilincu et al., 

2010; Sotiriadou et al., 2013; Moreira et al., 2018; Ayan & 

Orunç Kılınç, 2020).  

The wide variation observed among studies indicates 

that Cryptosporidium infection in dogs is strongly 

influenced by regional, environmental, and methodological 

factors, as well as by variables such as animal age, sample 

size, and sampling frequency. 

Although C. canis is the predominant species infecting 

dogs, the presence of the zoonotically important C. parvum 

has also been reported (Abe et al., 2002a; Jian et al., 2014; 

Gil et al., 2017; Moreira et al., 2018).  In humans and many 

other mammals, C. parvum is recognized as a major 

pathogen that causes acute, severe diarrheal disease (Abe 

et al., 2002b). In the present study, all four sequenced 

samples were identified as C. parvum. These findings are 

consistent with previous reports from Germany (Sotiriadou 

et al., 2013; Murnik et al., 2022), Poland (Piekara-

Stępińska et al., 2021), and Türkiye (Çelik et al., 2023). 

In the homology analysis, the C. parvum isolates 

obtained in this study, PX442338.1, PX442335.1, and 

PX442301.1, showed 100% similarity to the isolates 

OP861564.1, OP861557.1, and OP861563.1, which were 

previously identified in cattle in China. The isolate 

PX442336.1 exhibited 100% similarity to the isolate 

AB513874.1, which was recovered from cattle in Egypt. 

Previous studies have reported inconsistent findings 

regarding sex-related differences in Cryptosporidium 

prevalence in dogs, but most agree that sex is not a major 

determinant (Jian et al., 2014). Similarly, while some 

studies have reported higher prevalence in older dogs, the 

majority, including the present study, indicate that dogs 

younger than one year of age are more susceptible, likely 

due to the incomplete maturation of the immune system 

(Jian et al., 2014; Gil et al., 2017; Çelik et al., 2023). 

Notably, all four sequenced isolates were identified as 

the zoonotic species C. parvum, indicating that dogs in 

Iğdır may serve as potential reservoirs for human infection. 

This is particularly concerning in rural areas where close 

contact with dogs is common and access to clean water 

may be limited. These findings underscore the need for 

hygiene measures, management of the stray dog 

population, and public awareness campaigns to reduce 

zoonotic transmission. 

 

Conclusion 

 

This study confirms the presence of Cryptosporidium 

infections in dogs in Iğdır Province, with C. parvum 

identified in all sequenced positive samples. The higher 

prevalence in younger dogs supports age-related 

susceptibility. Further molecular studies are recommended 

to better understand the species and genotype distribution 

in the region. 
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