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Abstract 
   Cryptosporidiosis is a recognized child infectious killer and the second cause of diarrheal disease 

and death in infants. Assessing Cryptosporidium spp. genetic diversity is a real goal to elucidate its 

transmission dynamics and to design preventive measures in absence of effective treatment. 

Cryptosporidium isolates in stool of Egyptian children were detected using Acid Fast (AF) staining, 

copro-nPCR/RFLP assay and real time PCR high-resolution melting (HRM) curve analysis assay. 

Stool samples were collected from 335 children complaining of diarrhea and other GIT symptoms, 

attending the outpatient clinic of Abu El Reesh hospital, Kasr Al-Ainy School of Medicine, Cairo 

University. Two genotypes C. hominis and C. parvum were identified in 43 isolates from Egyptian 

children by copro-nPCR targeting COWP gene and HRM assay. Real time PCR HRM curve analysis, 

a closed-tube genotyping method, targeting ITS-2 gene confirmed the results of copro-nPCR/RFLP. It 

is simple, rapid, has more sample throughput, analysis capacities and data storage with less carry-over 

contamination and cost. 
 

Introduction 
   Cryptosporidium spp. is a protozoan para-

site, descried by WHO as one of kid killers 

and the second cause for diarrheal illnesses 

and death in newborns after Rotavirus (Kot-

loff et al, 2013). Cryptosporidium possesses 

24 valid species and more than 44 genotypes 

infecting many vertebrates, including hu-

mans and animals, which differ significantly 

in their molecular signatures (Cama et al, 

2008). Thirteen intestinal and gastric Cryp-

tosporidium species infect immuno-compet-

ent and immuno-compromised humans have 

been reported until now (C. parvum, C. ho-

minis, C. meleagridis, C. felis, C. canis, C. 

suis, C. muris, C. andersoni, C. fayeri, C. 

cuniculus, C. ubiquitum and C. viatorum) 

(Fayer et al, 2010; Elwin et al, 2012). 

   Genetic variation among Cryptosporidium 

isolates was reported and seems to be central 

to the control of this disease and to the 

understanding of the intricacies of its epide-

miology (Pangasa et al, 2009). Though mor-

phologically similar oocysts exist, it was di-

fficult to accurately differentiate the Crypto-

sporidium species and genotypes by light 

microscopy and immunoassays that require 

using molecular methodologies for a precise 

diagnosis, and detection of parasitic species 

which reflects on primary & secondary pre-

vention strategies (Jothikumar et al, 2008). 

Analyzing selected genetic loci by PCR-

based techniques or direct DNA sequencing 

has high sensitivity, which allows for the 

specific amplification of target genetic loci 

from small amounts of parasite DNA. PCR 

was integrated into different genotyping te-

chniques, such as restriction fragment length 

polymorphism analysis (RFLP), random am-

plification method and methods detecting 

conformational polymorphisms or sequen-

cing (Pangasa et al, 2009). Because of the 

increased interest in genetic analysis of path-

ogen, there was an extensive spotlight on 
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mutation scanning methods, which depend 

up on melting characteristics of amplicons. 

PCR-based melting-curve and high-resolu-

tion melting-curve (HRM) analyses signifi-

cantly diminish the time, required for tes-

ting, and accomplish high mutation detect-

ion rates for small amplicons (Montgomery 

et al, 2007). 

   The current study aimed to determine the 

prevalence of Cryptosporidium spp. among 

a cohort of Egyptian children using copro 

AF stain, copro n-PCR/RFLP targeting the 

COWP gene and evaluating real time PCR-

coupled HRM-curve analysis, targeting ITS-

2 as the genetic marker, for detection of the 

predominant species of Cryptosporidium sp. 

infecting humans, and discuss the implica-

tions of this molecular-diagnostic approach. 
 

Material and Methods 

      Study plan: A cross sectional prospective 

study was designed including 335 stool sam-

ples collected from diarrheic children. Sam-

ples were collected from cases attending the 

outpatient GIT clinic at Cairo University 

Pediatric Hospital from July 1
st,

 2014 to 

January 1
st
 2016. 

   Sample collection and processing: A 

single fecal sample was taken from each 

child. Part of each stool specimen was 

preserved in formalin saline fixative for 

parasitological coproscopic examination and 

AF staining and other part was stored at -

20
o
C for molecular assays. Coproscopy was 

carried out in the Diagnostic and Research 

Unit of Parasitic Diseases (DRUP), copro-

nPCR/RFLP assay was performed in Lab of 

Molecular Medical Parasitology (LMMP), 

Department of Medical Parasitology, Facul-

ty of Medicine, Cairo University, Egypt and 

real-time PCR assay was done at Biotech-

nology unit of the faculty of Veterinary, 

Kafr El-Sheikh University, Egypt. 

   Parasitological coproscopy and AF stain: 

Fecal samples were examined directly by 

wet mount and after concentration using a 

modified Ritchie’s biphasic method (Garcia, 

2007), and then were permanently stained 

using cold Kinyoun’s AF stain (Biostain 

Ready Reagents Ltd Manchester, England) 

to detect Cryptosporidium sp. copro-oocyst. 

   Extraction of the genomic DNA: Genomic 

DNA was extracted utilizing Favor Prep 

stool DNA isolation Mini Kit (Favorgen 

Biotech corporation ping-Tung 908, Taiwan, 

Cat. No. FASTI001) with modification in 

the prolongation of incubation after 56
O
C at 

10 minutes to 95
O
C for one hour after 

thermal shock (cycling of deep freezing in 

liquid nitrogen for 5 min & immediately 

transferred into water bath 95°C for 5 min. 

repeated for 5 cycles) the obtained DNA was 

measured for concentration and purity. 

   Copro n-PCR / RFLP analyses: Copro-

nPCR was done targeting COWP gene. PCR 

amplification was performed in a 25µl vol-

ume containing 12.5 µl master mix, 200 nM 

from each primer, and 3µl of the template 

DNA for the primary reaction and 1µl for 

the secondary one. The cycling conditions 

were 35 cycles at 94 °C for 1 min, (63°C for 

1 min for 1ry & 54°C for 30 s for nested 54) 

and 72°C for 1 min, followed by 10 min at 

72°C. The amplified products were visuali-

zed with 1.5% agarose gel electrophoresis 

after ethidium bromide staining. Amplified 

products of nPCR of positive sample of 

COWP gene were digested using Rsa I 

endonuclease after manufacture instruction 

and resolved using 3% Metaphor electro-

phoresis after ethidium bromide staining.     

   Enzymatic amplification and HRM curve 

analysis: The ITS-2 region (440-450 bp) was 

PCR-amplified from genomic DNA samples 

using primers AP58SF (forward: 5’-ATC 

TCT CAA GCG AAA TAG CAG TAA-3’) 

and APITS-2R (reverse: 5’-CCC ATT GAT 

AAA CGG ATT TCC-3’) (Pangasa et al, 

2009). PCR was performed in 25ml volumes 

containing 200 nM of each primer, 12.5µl of 

Luminaris color HRM master mix (Thermo 

scientific), 4.5µl nuclease-free water and 3 

µl of the template DNA using the thermo 

cycling conditions (Pangasa et al, 2009). In 

every run, positive and negative controls 

were included, and the cycle threshold and 

melting-curve values were recorded. 
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   Statistical analysis: Data were coded and 

entered using the statistical package SPSS 

version 17 (Chicago, IL, USA) for statistical 

analysis.  
 

Results 
   Demographic, clinical and initial labo-

ratory data of study samples: Cases pre-

sented variable GIT symptoms were asse-

ssed medically. The mean age of subjects 

under study was 4.59 years ±3.38 standard 

deviation (SD), 56.1% of them were males 

and 43.9% were females with male/female 

ratio 1:3. Total of 326 (97.3%) children used 

tap water and 81 (24.2%) had a history of 

animal contact. Main symptom of all was 

diarrhea in 141(42.1%) cases. 

   Occurrence and Genotyping of Cryptos-

poridium: Out of 335 examined stool sam-

ples with AF stain (Figure 1), Cryptospo-

ridium oocysts were found in 12 samples 

(3.6%). Further assessment by nPCR tar-

geting COWP gene revealed positivity in 43 

(12.8%) stool samples (Figs. 2 & 3). 

The specific categorization of samples using 

PCR-coupled HRM identified 38 cases for 

which C. hominis presented two peaks 

(profile 1), and 5 cases were C. parvum with 

one peak (profile 2) (Tab.1; Fig. 4).  

   Cryptosporidium genotypes and risk fact- 

ors: The study showed no significant corre-

lation between Cryptosporidium species and 

demographic and clinical variants. However, 

there was a positive correlation between 

Cryptosporidium species and with sympto-

matic patient (P˂0.05).  

Table 1: Used primers and their sequences. 
 Primers Sequence Expected product size (bp) Reference 
 

COWP  
gene  

 

1ry 

PCR 

BCOWPF 5'ACCGCTTCTCAACAACCATCTTGTCCTC-3'  
769-bp 

 

(Pedraza-Díaz 

et al, 2001) BCOWR 5'-CGCACCTGTTCCCACTCAATGTAAACCC-3' 

nPC

R 

Cry-15 5 -GTAGATAATGGAAGAGATTGTG-3  553-bp 

Cry-9 5 -GGAC GAAA ACAGGCA  A C  G-3  
 

Table 2: Number of samples and the profile of PCR-coupled melting-curve analysis targeting ITS-2 amplicons. 
 

N. of samples Peak 1 Peak 2 

 Profile I (C. hominis) 38 72.70C 74.90C 

Profile II (C. parvum) 5 77.80 C - 
 

Discussion 
   In the last decades in Egypt, there has 

been a reported varying Cryptosporidium 

preva-lence, a high of molecular prevalence 

rate of infection was shown in many studies 

up to 25% of the examined patients (El-

Settawy and Fathy, 2012; Fathy et al, 2014; 

Ghallab et al, 2014). In contrast, much 

lower results (4.6%) reported (Abd El-

Kader et al, 2011). The diminished 

sensitivity of AF stain in the study might be 

due to the high threshold ne-cessary for 

oocyst detection in watery stool where the 

detection rate could be accom-plished at a 

concentration of 10,000 oocysts/ g stool 

(Weber et al, 1991).  

  Genotypic discrimination, PCR-RFLP ana-

lysis yielded C. hominis predominance in 38 

samples (88.4%) and C. parvum in 5 cases 

(11.6%). Mixed infection wasn't detected, 

indicating that the main source of Cryp-

tosporidium infection was anthroponotic ra-

ther than zoonotic. These findings agreed 

with two Egyptian studies (Abdel-Kader et 

al, 2011; Ibrahim et al, 2016) and differred 

from two studies (Eida et al, 2009; Sadek, 

2014). In industrialized nations, C. hominis 

predominates among human cryptosporidio-

sis, as in Spain (65.7%), USA (67%), Japan 

(68%), Australia and Canada (76%). As 

well as, in developing countries, as Peru 

(79%), South Africa (82%) and Thailand 

(83%), indicating that anthroponotic species 

were the main cause of human infection. 

The re-lation of C. parvum/C. hominis was 

however more balanced in other countries, 

as England and Wales (49.2%), France 

(51%) and Bel-gium (54.2%), while C. 

parvum dominated in the Netherlands (72%) 

and Italy (90%) (Ong et al, 2002; Samie et 

al, 2006; Liorente et al, 2007; Geurden et 

al, 2009).   

  PCR coupled HRM curve analysis tar-

geting ITS-2 gene confirmed the results of 

http://www.new.puj.eg.net/searchresult.asp?search=&author=Gehan+S+Sadek&journal=Y&but_search=Search&entries=10&pg=1&s=0
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copro-nPCR/RFLP. PCR coupled HRM cur-

ve achieve parasite specific identification 

and differentiation (Monis et al, 2005). The 

presence of multiple peaks in HRM is 

diagnostically informative, giving a unique 

profile with an increased number of charac-

ters for the resolution of species and/or 

genotypes (Robinson et al, 2006).  PCR-

coupled HRM-curve analysis is suited for 

the quick screening of many Cryptospori-

dium oocyst DNA samples as there was no 

requirement for the handling, pouring, and/ 

or scanning of electrophoretic gels, thus 

con-siderably diminishing overall time and 

cost. It is a closed-tube genotyping method 

that eliminates risk of contamination. The 

qualit- a tive approach, exhibited certain 

advantages over other electrophoretic ones 

(Gasser et al, 2001), mainly in relation to 

sample through-put, analysis time, analysis 

capacities and data storage. Risk of carry-

over contamina-a tion and materials’ cost 

were much lower than that for others 

(Zhang et al, 2012).  

   HRM master mix used in this study con-

tained a third-generation florescent dye (Eva 

green). This dye proved ideal with good sta-

bility and instrument compatibility coupled 

with optimal DNA-binding characteristics, 

including low or no affinity for ssDNA, and 

short DNA fragments and a just-right affini-

ty for dsDNA, thus increasing the specifici-

ty of HRM reaction (Mao et al, 2007). 

   In the present study, only children with 

diarrhea and other GIT symptoms showed 

significant cryptosporidiosis association.  In 

contrast, El-Helaly et al. (2012) and Jiang et 

al. (2014) reported a higher infection rate in 

males than females, Park et al. (2006) found 

a significant correlation between cryptospo-

ridiosis and sexes, as boys were more sus-

ceptible than girls to infection. Untreated 

water, animal contact and farm visit have 

been reported as risk factors for infection in 

many studies. Others did not find relation- 

ship between infection and drinking water 

or animal contact (Khalili and Mardani, 

2009). 

GIT symptoms including diarrhea, abdomi-

nal pain, flatulence, itching, vomiting, or ap-

petite loss (Chauret et al, 1999) are known 

risk factors for cryptosporidiosis.  

 Clinical manifestations in cryptosporidiosis 

might be correlated to different species and 

subtypes. Cama et al. (2008) reported that 

cases with C. parvum, C. felis, C. canis, and 

C. meleagridis infection were associated 

with diarrhea only, but diarrhea, nausea, 

vomiting, and general malaise were 

associated with cryptosporidiosis. Mumtaz 

et al. (2010) reported that environmental, 

clinical and host behavioral factors acted as 

important risk factors for infection but nei-

ther affecting the pathogenicity nor the dis-

ease course. In the present study, the high 

population densities with greater chance of 

person-to-person transmission and variation 

in socioeconomic population status within 

same geographical areas might play an im-

portant role in the differences reported in 

the prevalence of the disease and may 

explain the obtained results in the present 

study.  

Conclusion 
 There is C. hominis predominance among 

Egyptian children. HRM curve analysis, a 

closed-tube genotyping method, confirmed the 

results of copro-nPCR/RFLP. It is simple, with-

out probe, rapid, has more sample throughput, 

analysis capacities and data storage with less 

carry-over contamination and cost. 
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Explanation of figures 
Fig. 1: Cryptosporidium oocysts stained with cold Kinyoun’s AF stain. 
Fig.2: Agarose gel electrophoresis for products of nPCR targeting COWP gene of Cryptosporidium at 533 bp., Lane 1: 100 bp DNA 

molecular weight marker, Lane 2: Positive control, Lanes 3: Negative control &Lanes 4- 6: Positive samples. 
Fig. 3: Agarose gel electrophoresis for COWP RFLP products after digestion with RsaI endonuclease. Lane 1:  100 bp DNA marker ladder, 

Lanes 2&3: C. hominis genotype I digestion products at 34, 106, and 410 bp using RsaI & Lane 4&5:  C. parvum gentype II digestion 

products at 34, 106, 125 and 285 bp. 
Fig. 4: Representative profiles in melting-curve analysis of ITS-2 amplicons for C. hominis (red) (A), C. parvum (black) (B). 
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