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Cryptosporidium is a small coccidian parasite 
that causes diarrhea in livestock, and humans 

worldwide. It commonly affects children, the elderly, 
and immunosuppressed patients, especially patients 
infected with human immunodeficiency virus.1 
Due to its zoonotic nature, livestock-breeders, 
tourists, and immunocompetent individuals may 
encounter cryptosporidiosis. Researchers, who study 
epidemiology and investigate illnesses associated 
with diarrhea, have shown that Cryptosporidium 
species are the causative agent in 1-5% of all of the 
cases. The infection may spread in a number of 
ways: a) from person to person, b) from animals, 
c) via food, and water.2,3 In immunocompetent 
individuals, cryptosporidiosis presents itself as 
a self-limited diarrhea, with symptoms lasting 
less than 20 days. In immunodeficient patients, 
Cryptosporidium species causes severe diarrhea that 
may even be life-threatening. A correlation between 
malnutrition and cryptosporidiosis was reported in 
children.1,2,4 Cryptosporidium parvum (C. parvum) 
and Cryptosporidium hominis (C. hominis) are 2 
morphologically identical species of Apicomplexan 
protozoa infecting humans. Although the genomes of 
these species are 97% identical, their host range is 
strikingly different. Cryptosporidium parvum infects 
humans and animals and is primarily a zoonotic 
infection, whereas C. hominis is typically not 
detected in animals.5 Differentiation of these species 
is determined by genotyping. The most common 
genotype analyses are based on polymerase chain 
reaction-restriction fragment length polymorphism 
(PCR-RFLP) or sequencing of the small subunit 
(SSU) rRNA,6 70-kDa heat shock protein,7 beta-
tubulin,8 Cryptosporidium oocyst wall protein 
(COWP)7 or thrombospondin-related adhesive 
protein Cryptosporidium-1 (TRAP-C1) or TRAP-
Cryptosporidium-2 (C2) genes.7,9-11 In a recent study, 
C. parvum TU502, a genotype 1 isolate of human 
origin passed through 3 different mammalian 
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ABSTRACT

Objective: To verify the incidence of cryptosporidiosis 
among Turkish elementary school students. 

Methods: This study was conducted in the Department of 
Parasitology, Faculty of Medicine, Ege University, Turkey 
during a 3-month period in 2006. We assessed the fecal 
samples of 707 children using modified acid-fast and 
phenol-auramine staining followed by modified Ritchie 
concentration method. All Cryptosporidium species isolates 
were analyzed by nested polymerase chain reaction (PCR) 
and restriction fragment length polymorphism (RFLP) 
to differentiate the genotypes of the isolates. After the 
coprological examination, 4 samples were found to be 
positive for Cryptosporidium species oocysts.
 
Results: In the present study, all 4 oocysts were of zoonotic 
origin and belonged to Cryptosporidium parvum genotype 
2 indicating that in Turkey the potential sources of human 
cryptosporidiosis is from animals. 

Conclusion: The application of genotyping to clinical isolates 
of Cryptosporidium has significantly increased our knowledge 
and understanding of the distribution and epidemiology 
of this parasite. The PCR and RFLP techniques represent 
a more rapid and simple method of genotyping to support 
epidemiological and clinical investigations than conventional 
analytical DNA techniques. 
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hosts, including humans, pigs, and calves.12 Recently, 
several single-nucleotide polymorphisms (SNPs) 
have been described, together with methods for their 
determination, and analysis that have indicated the 
genetic relationship of isolates of C. parvum.13 The 
majority of isolates belong to one of 2 broad genotypes: 
C. hominis, previously known as C. parvum human 
genotype or genotype 1 (or H), generally restricted 
to humans and nonhuman primates,6 and C. parvum, 
previously known as C. parvum bovine genotype 2 (or C), 
found in both humans, and animals.9,14

The PCR-RFLP and rapid nested PCR are simple 
methods to use for identification of type-specific 
polymorphisms in a C. parvum TRAP-C2 gene. 
These methods are based on simple restriction enzyme 
analysis.9,10 The TRAP-C2 gene is an example of 
a well-characterized gene, which demonstrates the 
polymorphic nature of this parasite genome, and it is 
not often used as an epidemiological tool.11 In this study, 
we aim to investigate the incidence of cryptosporidiosis 
in elementary school students in Beyda, a rural region 
of Izmir, Turkey, where livestock-breeding is a major 
income source for the inhabitants, and to differentiate 
the genotypes of the isolates by nested PCR-RFLP 
method to show the sources of transmission in the 
study area.

Methods. Following ethical committee approval, 
707 fecal samples obtained from elementary school 
students, ages between 7 and 15 years (median, 11 years) 
were examined between January and March 2006. All 
subjects were from Beydag, Izmir, Turkey, which is a 
town mostly populated by farmers, and stock breeders. 
Among 707 students, 390 (55.2%) were male and 317 
(44.8%) were female. There was only one elementary 
school in the region. To easily reach all the children 
in the region, students in the school were included to 
this study (Cluster sampling). Questionnaires were 
distributed to the students and students were verbally 
informed and instructed on how they should fill the 
questionnaires, which contained questions about the 
socioeconomic status of their families, and any parasitic 
symptoms.

All fecal samples were freshly collected from students 
and transported to the coprology laboratory at the 
Department of Parasitology, Ege University Medical 
School, Izmir, Turkey, for examination. All samples 
were concentrated by modified Ritchie method, and 
smears were stained with modified acid-fast, and 
phenol-auramine stains.4 Smears were evaluated under 
both light and fluorescent microscopes for the presence 
of Cryptosporidium species oocysts. Fresh patient stool 
samples containing Cryptosporidium species (detected 
by microscopy in primary testing laboratories) were 

stored at 4oC prior to oocyst preparation by floatation 
using 36% (w/v) sodium chloride (NaCl) solution. 
Oocyst suspensions were also stored at 4oC prior to 
DNA extraction.11 A 200 ml sample of prepared oocyst 
suspension was incubated at 1000C for 60 minutes, and 
DNA was extracted using a QIAMP DNA mini kit 
(QIAGEN Ltd., Crawley, United Kingdom). Purified 
DNA was stored at -20oC until used.11 Positive fecal 
samples of Cryptosporidium species oocyst were genotyped 
at Swansea Public Health Laboratory, Singleton 
Hospital, PHLS Swansea, United Kingdom using 
nested PCR-RFLP. The reason why we used TRAP-C2 
was because our preliminary experiments (acid-fast 
stain) revealed the presence of Cryptosporidium species. 
For amplification of the TRAP-C2 gene, nested PCR 
was used based on a single PCR method.9 The TRAP-
C2 assay is largely specific for C. parvum.11 The nested 
PCR products were subjected to digestion with HaeIII 
and BstEII at 37oC for 12-18 hours. Each enzyme 
used has a different recognition sequence, present 
only in one of the 2 genotypes under investigation. 
At position 42 within the C. parvum and TRAP-C2 
gene, type 1 DNA has the nucleotide cytosine, which 
is part of the recognition sequence for HaeIII: GGCC. 
At the same position, type 2 DNA has within the 
sequence GGTCACC the nucleotide thymine, which 
is recognized and digested by BstEII.11 Digested PCR 
products were analyzed using agarose (2% wt/vol) gel 
electrophoresis (Phorecus; Biogene, Cambridge, United 
Kingdom) as previously described.11 Product size was 
confirmed by comparison with a DNA molecular-
weight-standard marker (Life Technologies, United 
Kingdom). The digested products were visualized using 
ethidium bromide (0.1mg/100ml) and recorded using 
a digital camera and KDSID analysis software (Kodak, 
Rochester, New York).11

Results. After the coprologic examination, 4 out of 
707 (0.6%) samples were positive for Cryptosporidium 
species oocysts. All 4 students with Cryptosporidium 
species had diarrhea, and their parents were livestock-
breeders. Based on the data obtained from the 
questionnaires; 95 students (13.4%) had pets in their 
houses, 235 (33.2%) were suffering from abdominal 
cramps and 82 (11.6%) had diarrhea. Cryptosporidium 
species oocyst positive fecal samples were analyzed at 
the PHLS, Swansea, Wales using nested PCR and 
restriction enzymes for genotyping. Amplification was 
achieved via DNA extract from characterized isolates 
of C. parvum, generating a nested PCR product of the 
expected size (266 bp). Figure 1 shows the typical results 
obtained after restriction enzyme digestion of the 
TRAP-C2 PCR product generated from characterized 
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genotype 1 and genotype 2 isolates. Within our nested 
PCR, each genotype contains the recognition sequence 
for either BstEII or HaeIII. Since the recognition 
sequence for these enzymes is at the same locus on the 
PCR product, cleavage with either BstEII (genotype 2) 
or HaeIII (genotype 1) results in 2 fragments (227 and 
39bp).  Agarose gel electrophoresis of BstEII and HaeIII 
restriction endonuclease cleavage products. M, DNA 
molecular weight-standard marker. 1, 2, 3, 4, 5 and 7, 
patient samples C. parvum (animal isolate, genotype 
2); first lane BstEII cleavage products and second lane  
HaeIII-resistant PCR product. 6 and 10, PCR negative 
control, 8, positive control, C. parvum (human isolate, 
genotype 1) first lane (8a) BstEII-resistant product, 
second lane (8b) HaeIII cleavage product, 9, positive 
control, C. parvum (animals isolate, genotype 2) first 
lane (9a) BstEII-cleavage product, second lane (9b) 
HaeIII-resistant product. Note: 5: second feces (after 
10 days) of patient no. 1, 7: second feces (after 10 days) 
of patient no. 2 a presents BstEII cleavage products, b 
presents HaeIII cleavage products. The results indicated 
that all 4 oocystes belonged to genotype 2 and of 
zoonotic origin.

Discussion. Cryptosporidiosis is transmitted by 
the fecal-oral route during the oocyst stage. The C. 
parvum is zoonotic, and has no host specificity among 
mammals. Risk of infection rises with close human-
to-human contact, during care of infected livestock, 
zoo animals, or pets. Drinking and recreational water 
sources may play a role in the outbreaks. It has been 
shown that C. parvum is highly prevalent in young 

calves worldwide. Dog and cats may serve as hosts to 
C. parvum.15,16 Currently, regional studies are carried 
out with immunocompetent patients in Turkey. In a 
study with 194 individuals, Cryptosporidium species  was 
found in 1%.17 In a rural region in Eskisehir, Turkey, 7 
(2.5%) positive cases in 478 elementary school children 
were detected by using Ziehl-Nielsen staining.18 
Cryptosporidium species  were not detected in the stool 
samples of 148 immunocompetent children with ages 
ranging from 0-12 years old who lived in an orphanage 
of an urban area in Izmir.19 When modified Kinyoun’s 
acid-fast (MAF) staining Giemsa staining, and direct 
and indirect immunofluorescence antibody methods 
were used, 7 (3.5%) positive cases in 200 children with 
diarrhea in Turkey were found.20 

Molecular epidemiology of Cryptosporidium isolates 
has proved to be useful in determining the sources 
of infection.21 For example, 5 different species of 
Cryptosporidium were differentiated using PCR-RFLP.22 
In another study, the difference between human and 
animal isolates of C. parvum has been demonstrated 
by using molecular and biological markers.23 In 
addition the use of molecular tools has been useful 
in the assessment of the zoonotic potential of various 
Cryptosporidium species and sources of children, and 
has played a significant role in the characterization of 
transmission dynamics in endemic and epidemic areas. 
The C. parvum was detected in 58 of the children (94% 
of the infected cases), C. hominis was detected in 3 of 
the children (5%) and both C. parvum and C. hominis 
were detected in one of the children (1%) in Kuwait.24 
Restriction analysis of the SSU, and PCR products 
has revealed that 41 out of 43 children in Malawi 
PCR-positive samples had C. hominis, and 2 had C. 
parvum.25

Cryptosporidiosis is a major public health concern. 
The role of water and food in the epidemiology of these 
diseases is now well recognized. Molecular techniques 
are available to determine the species and genotypes 
of Cryptosporidium and to distinguish human from 
non-human pathogens.26 In our analysis, we detected 
a low rate of infection. All the positive samples were of 
C. parvum cattle type indicating a probable zoonotic 
source of infection. We believe that attention should 
be paid in rural areas where farming is the major source 
of income. Surveys have demonstrated that most 
sources of drinking water were contaminated with 
oocysts prior to treatment. Oocysts are more frequent 
and in higher densities in water contaminated with 
agricultural, sewage, or urban runoff. Organisms found 
in water include both C. parvum and C. hominis bovine 
genotype. Low-grade contamination has also been 
documented in 24% of samples of treated water.2,3,15 
Currently, we do not have convincing data on the 

Figure 1 - Agarose gel electrophoresis of BstEII and HaeIII restriction 
endonuclease cleavage products. M, DNA molecular weight-
standard marker; 1, 2, 3, 4, 5 and 7, patient samples; 6 and 
10, PCR negative control; 8, positive control, Cryptosporidium 
parvum (human isolate, genotype 1); 9, positive control, C. 
parvum (animal isolate, genotype 2).
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quality of our water sources, and the infection rate in 
livestock or in pets. A more detailed study should be 
planned to investigate the major sources of infection 
and the condition of drinking, and recreational water 
sources in this region.

In conclusion, our results indicated that 
cryptosporidiosis was not a common infection for 
immunocompetent children in Turkey. 
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