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ABSTRACT

Background: Cryptosporidium spp. is a zoonotic protozoan parasite that affects the gastrointestinal tract of humans and 
animals. The disease can cause acute and chronic diarrhoea and even death in both humans and animals. In this study, it was 
aimed to determine the prevalence and genotype distribution of Cryptosporidiosis in shelter dogs in Diyarbakır province 
located in the Southeastern Anatolia Region of Turkey. 
Materials, Methods & Results: The animal material of the study consisted of 100 dogs of different breeds and sexes. Fae-
cal samples were collected from the rectum with disposable latex gloves and placed in individual sample containers. All 
of the samples were examined for Cryptosporidium spp. by Kinyoun Acid Fast and Nested PCR methods. In the Kinyoun 
Acid Fast staining method, firstly, smear preparations were prepared from fresh faecal samples, fixed in pure methanol for 
1 min and allowed to dry. The slides were kept in Kinyoun Carbol-Fuxin for 5 min, dipped in 50% ethyl alcohol, shaken, 
washed in tap water, kept in 1% sulphuric acid for 2 min and washed in tap water. The slides were kept in methylene 
blue for 1 min, washed in tap water and allowed to dry. After drying, immersion oil was dripped and examined under a 
microscope at 100 magnification. DNA extraction was performed from all samples using GeneMATRIX Stool DNA Puri-
fication Kit according to the manufacturer's protocol. After Nested PCR analysis was performed. In the PCR step, primers 
5'-TTCTAGAGCTAATACATGCG-3' and 5'- CCCATTTCCTTCCTTCGAAACAGGA-3' were used to amplify the 1325 
bp gene region. In the nested PCR step, primers 5'- GGAAGGGTTGTATTTATTTATTAGATAAAG-3' and 5'-AAGGAG-
TAAGGAACAACCTCCA-3' were used to amplify the 826-864 bp gene region. As a result of both methods, a prevalence 
of 3% was determined. The infection rate was higher in males (3.57%) than females (2.27%) and in younger than 1 year 
(5.56%) than in older than 1 year (1.56%). The DNA sequences obtained from the sequence analysis of 3 positive PCR 
samples were analysed in BioEdit software. A phylogenetic tree was constructed with the data set created by using the 
18s rRNA gene sequences obtained from the NCBI genbank database and the DNA sequences obtained as a result of the 
study, and it was shown which Cryptosporidium species the study samples were related to. Today, many Cryptosporidium 
species have been identified and most of these species have host adaptation. Although C. canis is the most common species 
in dogs, C. muris, C. meleagridis, and C. parvum have also been detected. Among these species, C. parvum is recognized 
as a zoonotic species infecting a wide range of mammals. In this study, DNA sequencing of nested PCR positive samples 
revealed that 3 samples were zoonotic C. parvum. 
Discussion: This suggests that dogs may be a reservoir for zoonotic transmission of Cryptosporidium. Consequently, it 
is recommended that people should be informed about the potential for transmission of this protozoan to humans and 
animals and that control programmes should be implemented, including the prevention of free entry of stray dogs into 
public places and homes.
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INTRODUCTION

Cryptosporidium is a protozoan belonging 
to the phylum Apicomplexa, which is widespread 
worldwide, infects domestic and wild animals as well 
as humans, and is associated with foetal diarrhoea in 
animals and humans [1,2,6,12,14,17,20].

Currently, at least 26 Cryptosporidium spe-
cies have been described. Most of these species are 
host adapted and 20 have been reported in humans 
[2,6,12,18]. Among these species, Cryptosporidium 
parvum is recognised as a zoonotic species that infects 
a wide range of mammals. [6,16]. Although C. canis 
is the most common species in dogs, C. muris, C. 
meleagridis and zoonotic C. parvum have also been 
detected [12,16,18]. This raises concerns that dogs may 
be potential reservoirs for the transmission of infection 
to humans [18,19]. 

Contact with animals has been identified as an 
important route of transmission in the epidemiology of 
human Cryptosporidiosis [13]. Transmission can be by 
direct faecal-oral route or by ingestion of water or food 
contaminated with oocysts [1,7,10,14,20].

Cryptosporidium spp. infect the epithelial cells 
of the gastrointestinal tract of the hosts [19]. Infection 
is self-limiting in the immunocompetent host but can 
result in chronic diarrhoea, malabsorption and death 
in the immunocompromised host [6]. In addition, 
this disease is recognised as a public health problem 
for children and immunocompromised individuals 
[14,16,17].

Because of the possible role of dogs in the 
spread of the parasite, it is necessary to know the 
prevalence of infection. Epidemiological studies on 
Cryptosporidium spp. have been carried out in many 
parts of the world, but the studies carried out in Tur-
key are quite limited. In this study, it was aimed to 
determine the prevalence of Cryptosporidium spp. in 
shelter dogs in Diyarbakır province by microscopic 
and molecular methods.

MATERIAL AND METHODS

Study area and animal material

This study was conducted in the province 
of Diyarbakır, located in the Southeastern Anatolia 
Region of Turkey. The animal material of the study 
consisted of 100 dogs of different breeds and sexes in 
Diyarbakır Metropolitan Municipality Animal Care 

and Rehabilitation Centre. Faecal samples were col-
lected from the rectum of the dogs with disposable latex 
gloves and placed in individual sample containers. The 
sex and age of the dog were recorded for each sample. 
The samples were then brought to the laboratory for 
examination.

Microscopic examination

All of the samples were examined for  
Cryptosporidium spp. by Kinyoun Acid Fast staining 
method. Firstly, smear preparations were prepared from 
fresh faecal samples, fixed in pure methanol for 1 min 
and allowed to dry. The slides were kept in Kinyoun 
Carbol-Fuxin for 5 min, dipped in 50% ethyl alcohol, 
shaken, washed in tap water, kept in 1% sulphuric acid 
for 2 min and washed in tap water. The slides were kept 
in methylene blue for 1 min, washed in tap water and 
allowed to dry. After drying, immersion oil was dripped 
and examined under a microscope (Leica DM500)1 at 
100 magnification.

DNA extraction

DNA extraction was performed from all 
samples using GeneMATRIX Stool DNA Purifica-
tion Kit2 according to the manufacturer's protocol. 
The obtained DNAs were stored at -20°C until the 
next steps.

Nested PCR reaction

Nested PCR analysis was performed using 
primers described by Xiao et al. [21]. In the PCR 
step, primers 5'-TTCTAGAGCTAATACATGCG-3' 
and 5'- CCCATTTCCTTCCTTCGAAACAGGA-3' 
were used to amplify the 1325 bp gene region. In 
the nested PCR step, primers 5'- GGAAGGGTTG-
TATTTATTTATTAGATAAAG-3' and 5'-AAGGAG-
TAAGGAACAACCTCCA-3' were used to amplify 
the 826-864 bp gene region. In both reactions; 4 
pmol forward and reverse primers, 4 µL 5x FIREPol® 
Master Mix3 (12.5 mM MgCl2), 1.6 µL DNA and 
Nuclease Free Water were used in 20 µL mastermix. 
In both reactions, following pre-denaturation at 
95°C for 5 min, each cycle consisted of 35 cycles 
of denaturation (95°C for 1 min), binding (55°C 
for 1 min) and elongation (72°C for 1 min) with a 
final elongation of 7 min at 72°C. The PCR products 
obtained were stained with RedSafe™ Nucleic Acid 
Staining Solution4 and images were obtained on 
1.5% agarose gel.
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DNA sequence analysis and phylogeny

The DNA sequences obtained from the sequence 
analysis of 3 positive PCR samples were analysed in 
BioEdit software. A phylogenetic tree was constructed 
with the data set created by using the 18s rRNA gene 
sequences obtained from the NCBI genbank database 
and the DNA sequences obtained as a result of the study, 
and it was shown which Cryptosporidium species the 
study samples were related to.

Statistical analysis

The data obtained in the study were analyzed 
using the SPSS V16.05 program. The relationship 
between grouped variables was calculated using chi-
square test. The difference was considered statistically 
significant when P < 0.05.

RESULTS

Both microscopic examination and Nested-
PCR analysis of all samples revealed 3% (3/100) 
positivity (Figure 1). As a result of the study, a higher 
prevalence was found in males (3.57%) compared to 
females (2.27%) and in age groups, a higher prevalence 
was found in those younger than 1 year (5.56%) com-
pared to those older than 1 year (1.56%) [P > 0.05] 
(Table 1). When the DNA sequences of the SSU rRNA 
gene obtained in the study were compared with the 
NCBI Basic Local Alignment Search Tool database, 
it was observed that 3 samples overlapped with C. 
parvum (Table 2). As can be seen in the phylogenetic 
tree, all samples were related to C. parvum (Figure 2).

Figure 1. Nested PCR agarose gel image. M: Marker, N: Negative control, 
P: Positive control, 32, 33 and 44 positive samples (826-864 bp).

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

Factor
Examined 

(n)

Positive
P

(n) (%)

Sex     

Female 44 1 2.27
0.706

Male 56 2 3.57

Age (Year)     

 ≤ 1 36 2 5.56
0.261

>1 64 1 1.56

Total 100 3 3.00  

Table 2. Comparison of study samples with NCBI Basic Local Alignment 
Search Tool.

Sample
Access codes of the 
most similar sample

Species Similarity ratio

32
OL689400, 
EU553550, 
DQ656354

C. parvum % 100

33
MT648442, 
MT648441, 
MT002720

C. parvum % 100

44 OP861564 C. parvum % 99.76

DISCUSSION

Parasitic diseases caused by enteric protozoans 
are widespread in humans and animals worldwide 
[2]. Dogs, which are considered friends and close 
companions of humans [12], are hosts of Cryptospo-
ridium species and have therefore long been thought 
to be reservoirs of human Cryptosporidium infections 
[13]. It is therefore important to appropriately identify 
infectious agents with zoonotic potential to reduce the 
risks of transmission to humans and other animals [2].

In studies conducted worldwide; 9.3% in Japan 
[1], 3.3% in Italy [7], 52.7% in Romania [20], 3.8% 
in China [12], 18.5% in Nigeria [15], 2.14 - 13% in 
Iran [14,16,19], 4.1% in Spain [8], 31.2% in Thailand 
[18], 2.41 - 5.6% in Brazil [2,11] and 34% in Egypt 
[6] prevalence have been reported. Studies on dogs in 
Turkey are quite limited and prevalence rates of 15.5 
- 64.7% have been reported [3,5,9].
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Methods such as Ziehl-Neelsen staining 
[2,14,19], Kinyoun staining [16], ELISA [15,20] and 
PCR [1,7,8,18] are used to diagnose the disease. Each 
of these methods differs in terms of sensitivity and 
specificity and there is no universally accepted 'gold 
standard' [14].

In this study, Kinyoun Acid Fast staining and 
Nested PCR methods were used and 3% prevalence 
was determined as a result of both methods. This result 
is similar to some previous studies [7,11,12,14,16]. 
The reason for the low prevalence in this study may 
be due to the fact that only one faecal examination was 
performed from each dog.

Although C. canis is the most common spe-
cies in dogs, C. muris, C. meleagridis, C. hominis 
and zoonotic C. parvum are also known [8,12,16,18]. 
The studies carried out on dogs in Turkey have been 
carried out to determine the prevalence, and no study 
was found in which species identification was made. 
In this study, 3 samples were identified as zoonotic C. 
parvum as a result of sequence analyses. This result is 
similar to the findings of researchers [1,2,6,7,16,18].

While some studies reported higher prevalence 
in females [12,14,15,18,19], other studies reported 
higher prevalence in males [4,6,8,20]. In this study, a 
slightly higher prevalence was found in males (3.57%) 
than females (2.27%) [P > 0.05]. This result is similar 

to previous studies [6,8,20]. This indicates that sex 
is not an important factor affecting the prevalence of 
Cryptosporidium in dogs [6].

Some previous studies reported [8,14,18,20] 
a higher prevalence in younger, while another study 
reported a higher prevalence in adult dogs [19]. In this 
study, a higher prevalence was found in dogs younger 
than 1 year of age (5.56%) compared to dogs older than 
1 year (1.56%) [P > 0.05], this result supports others 
studies [6,8]. The reason for the higher prevalence in 
juvenile animals may be due to the immune system of 
these animals being undeveloped.

CONCLUSION

As a result of this study, both the prevalence 
of Cryptosporidium and the presence of C. parvum, 
which is an important species for public health, were 
determined in shelter dogs in Diyarbakır province. This 
situation shows that dogs may be a reservoir for zoonotic 
transmission of Cryptosporidium. Therefore, people 
need to be educated about Cryptosporidiosis and the 
potential for transmission of the causative protozoan to 
humans and animals. It is also recommended that stray 
dogs should be prevented from freely entering public 
places and homes, that control programmes should be 
carried out including the collection and hygienic disposal  
of dog faeces, as well as repeated faecal examinations.

Figure 2. Phylogenetic relationships of Cryptosporidium spp. isolates using Maximum Likelihood Method analysis based on SSU rRNA gene region. 
Numbers in nodes represent Bootstrap values (1000 replicates). Eimeria tenella and Sarcocystis neurona were used as outgroups.
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