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The Turkish Van Cat is one of the most important 
cat species in the world, and it has come under protec-
tion in recent years, as the number of these animals is 
decreasing each year. Van Cats are a great asset for 
Turkey and the Van province. They are known for their 
different eye colours, amiability, white silky fur and 
interest in water (28).

Cryptosporidium species are parasites in the 
Apicomplexa branch of the protozoa that settle in 
the human and animal gastrointestinal system and 
respiratory tract. Cryptosporidium species can infect 
at least 79 animal species, such as humans, farm 
animals, birds, reptiles and fish (25). They are com-
monly observed in childhood, during pregnancy and 
in immune-compromised individuals, such as AIDS 
patients. (34). Cryptosporidiosis infections have been 
reported in 106 countries (13). This parasite has two 
different genotypes: genotype 1 causes infections in 
humans only, and genotype 2 causes infections in both 
humans and animals. The species involved in human 

infections are C. muris, C. parvum, C. hominis, C. felis 
and C. canis. Consumption of oocyst-contaminated 
food or water and direct contact with infected animals 
or humans cause acute gastroenteritis and diarrhoea in 
healthy children, but Cryptosporidium parasites can 
also cause a chronic and life-threatening disease in 
immunocompromised individuals with AIDS and in 
malnourished children (2, 15, 17). Cryptosporidium 
felis is a cat-specific pathogenic species, which is also 
found in humans (1, 7, 9, 18).

Primarily microscopic and molecular methods 
have been used to identify Cryptosporidiosis, which 
has been scrutinized extensively in recent years and 
hypothesised to be zoonotic in infected humans and 
animals (19, 30). However, techniques such as IFAT, 
ELISA and biopsy of infected tissues have also been 
used. Although different material could be used for the 
above-mentioned methods, studies demonstrated that 
the most effective method for diagnosing the disease 
was faecal screening (11, 31). The polymerase chain 
reaction (PCR) technique was used for the first time in 
1991 to identify Cryptosporidium oocysts. (22). This 
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Summary
The present study was conducted to investigate the presence of Cryptosporidium spp. agents in cats from 

the Turkish Van Cat Shelter at YüzüncüYıl University by a modified Ziehl-Neelsen staining method and nested 
PCR. Individual stool samples were obtained from 30 adult females, 30 adult males and 40 kittens – a total of 100 
Van cats were analyzed in the study. A simplified formol-ether concentration method was applied to all samples. 
The samples were then examined microscopically by a modified Ziehl-Neelsen staining method. As a result 
of the staining, Cryptosporidium spp. oocysts were identified in stool samples of 3 kittens in the microscopic 
examination. After that, PCR and nested-PCR were conducted with suitable primers. Nested PCR identified 
5 kittens (5%) as positive. As a result, it was concluded that nested PCR was a superior diagnostic method for 
Cryptosporidium diagnosis compared with staining methods and that infected cats could be a health hazard 
for other cats and individuals, since Cryptosporidium spp. agents infect via the faecal-oral route. Therefore, 
we believe it is necessary to raise the awareness of people in contact with cats.
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study pioneered the use of various PCR techniques in 
this field. The nested PCR is a more sensitive method 
than the normal PCR, because the molecular methods 
determine the agent DNA directly. The nested PCR 
uses two sequential sets of primers. The first primer set 
binds to sequences outside the target DNA, as expected 
in standard PCR, but it also binds to other areas in the 
template. The second primer set binds to sequences 
in the target DNA that are within the section that was 
amplified by the first set (the primers are nested). Thus, 
the second set of primers would bind and amplify the 
target DNA within the products of the first reaction. 
The primary advantage of the nested PCR is that, if 
the first primers bind to and amplify an unwanted 
DNA sequence, it is very unlikely that the second 
set of primers would also bind within the unwanted 
region. The developed nested PCR method is used in 
DNA extraction from the oocysts in faeces and water 
(3, 33, 36). The objective of the present study was to 
investigate the agents of Cryptosporidium spp. by the 
nested PCR method and to reveal their significance for 
community health.

Material and methods
Samples. The study material included the faeces samples 

obtained in May 2016 from 100 Van Cats (30 adult males, 
30 adult females and 40 kittens) kept at the Yüzüncü Yıl 
University Van Cat Research Center. The animals were 
aged between 6 months and 3 years, and their live weights 
ranged between 0.5 and 3.4 kg. The faeces samples were 
obtained from special bed plates used by the cats and placed 
in stool containers. The containers were assigned protocol 
numbers. The samples were then taken to Van YüzüncüYıl 
University Health Vocational School Laboratory, where 
they were stored at –20°C.

Microscopic examination. One hundred fresh stool 
samples were subjected to modified formol-ether sedi-
mentation and then stained by a modified Ziehl-Neelsen 
staining method (8). Smears were obtained from the pre-
cipitate obtained by the precipitation method. The smears 
were fixed with absolute methanol for 1 minute and then 
stained with carbolic fuchsine for 30 minutes. Then they 
were washed and discoloured with 30% ethyl alcohol. The 
slides were washed and stained with methylene blue for 
4 minutes, and then washed and dried in the open air. The 
samples were screened with 100X oil immersion lens for 
Cryptosporidium oocysts.

Molecular assays. Approximately 200 mg of dissolved 
stool was poured in 2.0 ml Eppendorf tubes. The freeze-
and-thaw method was applied to disintegrate oocysts. The 
tubes were stored for 30 min at –20°C, and then for 5 min at 
+95°C. These steps were repeated 7 times. Genomic DNA 
was obtained with a QIAamp mini stool DNA isolation kit 
according to the manufacturer’s instructions. Each tube 
was vortexed after adding 1 ml Buffer ASL. The vortexed 
samples were placed in tubes and incubated at 95°C for 
15 minutes. After incubation, the tubes were centrifuged 
at 13400 rpm for 1 minute. Inhibit EX tablets were put in 
2 ml tubes, the supernatant was added, and the tubes were 

vortexed for 1 minute and then centrifuged for 3 minutes at 
13400 rpm. The supernatant from the tubes was pipetted into 
1.5 ml tubes and centrifuged at 13400 rpm for 3 minutes to 
obtain genomic DNA. For detection of the Cryptosporidium 
phylum, the primer pairs specific to the 18S ribosomal RNA 
gene region and containing Cry 18S-S2, 5’-GGTGACT-
CATAATAACTTTACGG-3’ and Cry 18S-As2, 5’-ACGC-
TATTGGAGCTGGAAAC-3’ and 347-bp gene fragments 
were amplified. The DNA obtained was used for the nested 
PCR. Cry18S-S1, 5’TAAACGGTAGGGTATTGGCCT-3’, 
Cry18S-Asl, 5’-CAGACTTGCCCTCCAATTGATA 3’ 
primer pairs and 240-bp gene fragments were amplified by 
nested PCR (6). PCR was carried out using a thermocycler 
(Biorad T-100) under the following conditions for both pri-
mary and nested analyses. 10 pM of each primer was added 
in a volume of 50 µl containing: 20 mM (NH4)2 SO4, 75 mM 
Tris-HCl (pH 8.8), 1 mM MgCl2, 0.2 mM dNTP mix, 1.2 
Units of Taq DNA polymerase (MBI, Fermentas, Lithuania), 
and 1 µl of template DNA. After 5 minutes of denaturation 
at 94°C in a heat cycle device, heat cycles were performed 
at 94°C for 30 seconds, at 55°C for 30 seconds and at 72°C 
for 40 seconds. These heat cycles were repeated 40 times. 
DNA products of 347bp and 240bp were obtained after the 
final extension at 72°C, which lasted 10 minutes. For evalu-
ation purposes, 100 bp standard was used, and amplified 
DNA products were stained with ethidium bromide on 1% 
agarose gel and detected under UV light on a gel imager.

Results and discussion
In this study, 100 stool samples from Van Cats were 

subjected to modified formol-ether sedimentation and 
then stained by the Ziehl-Neelsen staining method and 
examined microscopically. Cryptosporidium oocysts 
were detected in 3 out of the 40 kittens (Fig. 1) and in 
none of the adult male and female cats by microscopic 
scanning. After that, PCR and nested PCR were con-
ducted using suitable primers. Cryptosporidium DNA 
was detected in stool samples from 5 kittens (aged 3, 5, 

Fig. 1. Cryptosporidium spp. oocysts stained by a modified 
Ziehl-Neelsen staining method
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5, 6 and 6 months) on the basis of post-
staining nested PCR results (Fig. 2, 3). 
These results are shown in Table 1. No 
clinical signs were observed in kittens 
infected with Cryptosporidium spp.

Cryptosporidium, an intestinal 
coccidian, is an important parasite observed in several 
species. Cryptosporidium, an intracellular parasite, 
infects humans, farm animals, birds and reptiles (10, 
14). Previous studies reported that morphological detec-
tion of Cryptosporidium was difficult, unreliable and 
time-consuming (12). Furthermore, in another study, 
it was demonstrated that immunological diagnostic 
techniques were not more sensitive than microscopic 
techniques (20).

In several countries, attempts have been made to 
determine Cryptosporidium prevalence on the basis of 
faecal incidence. Cryptosporidium spp. was detected 
in 50 (8.3%) out of 600 cats in the United States, (24), 
4 (1.3%) out of 300 cats in Germany (5), 20 (3.6%) out 
of 507 cats (35) and 23 (3.8%) out of 608 cats (4) in two 
studies conducted in Japan, 19 (8.1%) out of 235 cats 
in Scotland (27), 11 (5.4%) out of 205 cats in Colorado 
(18), and 10 (3.8%) out of 263 cats in New York (32). 
In the present study, Cryptosporidium oocysts were 
detected in 3 (3%) out of 100 Van cats (60 adults and 40 
kittens) examined by a modified Ziehl-Neelsen method. 
All the stool samples in which oocysts were found origi-
nated from kittens. The findings of the present study 
were consistent with those of the studies conducted in 
the United States, Germany, Japan, Colorado, Scotland 
and New York (5, 18, 24, 27, 32, 35).

PCR was the basis for the development of new-
generation diagnostic methods. For detection of Crypto- 
sporidium in stool specimens, PCR was shown to be 
more sensitive and more accurate than conventional 
methods (26). In a study conducted in Australia by 
both microscopic and PCR techniques on stool from 
40 cats, Cryptosporidium oocysts were not observed 
in a microscopic examination, but PCR gave 4 positive 
results (23). In a study conducted by the PCR method 
in Australia, 2 positive results were obtained from 162 
faeces samples (30). In North Africa, 8 (32.0%) out of 
50 cats were found to be positive by the PCR method 
(29). In the present study, the nested PCR method that 
included a second amplification with nested primers 
was used to increase specificity and sensitivity in the 
detection of Cryptosporidium. Nested PCR revealed 
positivity in 5 (12.5%) out of 40 kittens in this study. 
Compared with other studies using molecular tech-
niques, this result was similar to the results obtained in 
Australia (23, 30) and lower than those reported from 
North Africa (29). It was concluded that the difference 
was caused by the poor hygiene conditions in the study 
area. As reported in previous studies (6), the fact that 
the infection was identified in kittens by both techniques 
used to detect Cryptosporidium indicated that infant 
and young animals and humans were infected with this 
protozoon more easily.

Fig. 2. 1% agarose gel image of kitten stool nested PCR 
products (347 bp)
Explanations: M – 100 bp DNA marker; 1, 4, 6, 8 – negative 
samples; 2, 3, 5, 7, 9 – positive samples; P – positive control

Fig. 3. 1% agarose gel image of kitten stool nested PCR 
products (240 bp)
Explanations: M – 100 bp DNA marker; 1, 2, 3, 4, 5 – positive 
samples; P – positive control

Tab. 1. Test results (n = 100)

Number of positives Kitten stool 
samples n = 40

Adult male stool 
samples n = 30

Adult female stool 
samples n = 30

according to Ziehl-Neelsen staining 3 0 0

according to nested PCR 5 0 0
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Although several studies have been conducted in 
Turkey to determine Cryptosporidium prevalence in 
various animal species, there have been few studies 
on cats. In a study conducted in Van on 40 adult cats 
and 6 kittens (46 cats in total), Cryptosporidium spp. 
was determined in all kittens, but none of the adult cats 
exhibited positive results (16). In a study conducted in 
Kırıkkale by the microscopic method, 1 (1%) out of 100 
cats exhibited positivity (21). In the present study, the 
agent was identified in 3 (3%) out of 100 cats, which was 
similar to the finding of the Kırıkkale study. Molecular 
Cryptosporidium scanning was conducted for the first 
time in the present study on cats in Turkey.

In cats, as in other animals, Cryptosporidiosis causes 
signs depending on the immunity of the host. In the 
present study, no clinical signs were observed in kittens 
whose feces exhibited positive PCR results. In addition 
to 3 positive stool samples detected by the Ziehl-Neelsen 
staining method, additional 2 positive stool samples 
were detected by PCR, and PCR was considered a more 
effective method of detecting Cryptosporidium com-
pared to staining methods.

In conclusion, it was found that 5 kittens in the cat 
sanctuary were infected with Cryptosporidium spp. It has 
been reported that C. felis, the species found in the cats, 
could also cause disease in humans. Cryptosporidium 
species could spread by fecal-oral and aerosol routes 
among animals and humans. Therefore, it is important 
for public health to know that Cryptosporidium spp. 
could infect individuals who interact with cats, and these 
individuals should take precautions.
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