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Abstract Cryptosporidium is a significant cause of diar-

rhea worldwide especially in children. Infection may end

fatally in immunocompromised patients. Multi-attribute

analysis was used to determine the lab utility of 4 diag-

nostics; coproscopy of AF stained fecal smear, fecal

immunoassays by ICT and ELISA and copro-nPCR assay

targeting Hsp90 gene, for detection of Cryptosporidium in

stool of 250 Egyptian children (150 diarrheic and 100 non-

diarrhaeic children). Also, to determine Cryptosporidium

molecular prevalence. Cryptosporidium was an important

enteric pathogen among both diarrheic and non-diarrheic

study children with a clearly high prevalence of 16.4 %

(n = 41). Conventional methods had perfect specificity

(100 %) but couldn‘t be used as a consistent single

detection method due to their lowered sensitivities. Multi-

attribute analysis ranked nPCR the highest test for lab use.

Being the test with the best diagnostic yield, nPCR is a

reliable diagnostic test and is going to replace conventional

methods for reliable detection of Cryptosporidium.

Keywords Cryptosporidium � Hsp90 � Copro-DNA �
Nested PCR � Multi-attribute � Fecal immunoassay �
ELISA � ICT � AF stain

Introduction

Cryptosporidium, the apicomplexan intracellular protozoan

parasite, is a significant cause of diarrhea worldwide

especially in children and immuno-compromised patients

that may have devastating consequences and end fatally

(Caccio et al. 2005). In Egypt, it is reported as a virulent

agent of diarrhea especially in childhood with varied

prevalence (Youssef et al. 2008). It can infect a wide range

of many vertebrates, including humans (Chalmers et al.

2009).

Laboratory diagnosis of cryptosporidiosis is usually done

by microscopic detection of Cryptosporidium oocyst in

stained smears from stool specimens (Weitzel et al. 2006).

Variety of fecal immunoassays has been developed to

establish more sensitive and cost-effective methods to

diagnose Cryptosporidium. These methods are based on the

detection of parasite copro-antigens using conjugated anti-

Cryptosporidium monoclonal antibodies (mAb). Three

approaches have proven useful; (1) immunofluorescence

assays, (2) enzyme linked immunosorbent assay (ELISA)

and (3) immunochromatography (ICT) lateral-flow immu-

noassays, with available varieties of commercial kits. Each

has a more or less similar level of sensitivity (Morgan et al.

1998). However, using conventional methods (coproscopy

and copro immunoassays) had limitation as some Cryptos-

poridium infections remained undetected (Kehl et al. 1995).

Recently, PCR based methods for the laboratory diag-

nosis of cryptosporidiosis were developed and showed

excellent specificity and sensitivity, compared with antigen

detection, and microscopy (Salyer et al. 2012).

The aim of the present study is to compare between 4 of

the used diagnostic methods; 3 conventional (microscopy

of AF stained fecal smear and 2 fecal immunoassays; ICT

and ELISA) and one molecular (nPCR targeting Hsp90

gene) for detection of cryptosporidiosis in human stool

samples concerning their diagnostic yield and lab use.

Also, is to determine the molecular prevalence of Cryp-

tosporidium among study individuals.
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Materials and methods

Study type and population

This cross sectional study was conducted over 250 chil-

dren; 150 diarrheic patients (symptomatic group = GI)

attending outpatient clinic in Abu El Rish hospital, Kasr

Al-Ainy School of Medicine, Cairo University, Cairo,

Egypt and 100 age matched non diarrheic, apparently

healthy children (asymptomatic group = GII) from May

2012 to February 2013.

Specimen collection and processing

A single fecal sample was obtained from each child and

part of the specimen was preserved in formalin saline fix-

ative for parasitological coproscopic examination and AF

staining and the rest of the specimen was divided into two

parts and stored at -20 �C for immunoassays and molec-

ular studies.

Coproscopy and immunoassays were carried out in the

Diagnostic and Research Unit of Parasitic Diseases

(DRUP) and copro-nPCR assay was held in Lab of

Molecular Medical Parasitology (LMMP), Department of

Medical Parasitology, Faculty of Medicine, Cairo Univer-

sity, Egypt. All fecal samples were examined as follow:-

Parasitological coproscopy and AF stain

Fecal samples were examined directly by wet mount and

after using modified Ritchie’s biphasic concentration

method (Garcia 2007), the samples were permanently

stained using cold kinyoun’s AF stain (Biostain Ready

Reagents Ltd Manchester, England) to detect Cryptospo-

ridium copro-oocyst.

Copro–immunoassays

Part of fecal samples that were submitted frozen, were

examined for detection of Cryptosporidium coproantigen

using two immunoassays; ICT lateral flow dip strip test

using RIDA�QUICK Cryptosporidium ICT dip strip (R-

Biopharm AG, Germany) and ELISA using RIDA-

SCREEN� Cryptosporidium ELISA Kit (R-Biopharm AG,

Landwehrstr. 54, D-64293 Darmstadt, Germany) according

to manufacturer‘s instructions.

Copro-nPCR assays

The remained part of frozen fecal samples were subjected to

thermal shock (5 cycles of deep freezing in liquid nitrogen and

immediately transferred into water bath 95 �C each for

5 min.), and then extraction of genomic DNA was performed

using Favor Prep stool DNA isolation Mini Kit (Favorgen

Biotech corporation ping-Tung 908, Taiwan, Cat. No. FAS-

TI001) with modification in the form of prolongation of

incubation to 95 �C for one hour then the purified DNA was

measured for concentration and purity. Amplification of

835–844 of Hsp90 using two sets of oligonuclutide primers:

Hsp90-F3 (50-CTA GTG AAA GCT ACG AGT TCC AA-30)
and Hsp90-R3 (50-TCT ATTTCA CCT TCG GCG GAA AA

30) for the primary reaction and a fragment of 676–685 for the

secondary reaction using: Hsp90-F4 (50-GGA TAT TAT TAT

TAA CTC TCT CTA TTCTCA GAA-30) and Hsp90-R4 (50-
CCA TAT TGC CTT TTC TAC ATT AAC-30) (Fig. 1). The

reaction mixture consisted of 12.5 ll master mix, 200 nM

from each primer, 0.2 units of Taq polymerase (as an acti-

vator) and 3 ll of the template DNA for the primary reaction

and 1 ll for the secondary reaction in a total volume of 25 ll.

The cycling conditions were carried out according to Feng

et al. (2009) with modification in the form of 50 �C annealing

temperature for the primary and the secondary reactions. The

amplified products were visualized with 1.5 % agarose gel

electrophoresis after ethidium bromide staining.

Statistical analysis

Data were coded and entered using the statistical package

SPSS version 17 (Chicago, IL, USA) for statistical ana-

lysis. Comparisons between groups were done using Chi

square test for qualitative variables and data were consid-

ered statistically significant if P values was \0.05.

Sensitivity, specificity, PPV, NPV, accuracy were cal-

culated to test the diagnostic yield and kappa agreement

was done to test the validity of conventional microscopy

and immunoassays in relation to nPCR results considering

it a nominated gold standard.

L         1        2      3       4         5        6         7   8

700 →→ ←670

500 →

Fig. 1 Agarose gel electrophoresis for the products of the nPCR

targeting Hsp90 gene of Cryptosporidium at 676–685 bp. L 100 bp

DNA molecular weight marker. Lane 1 positive control. Lanes 2

negative control. Lanes 3–7 positive samples
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The Multi-attribute utility theory (Mac Pherson and Mc

Queen 1993) and analytical hierarchy process (Dolan 1989)

were used to evaluate the lab utility of the used diagnostic

procedure. Six attributes (listed in Table 1) prioritized by

assigning its importance over the other as per the labora-

tory’s infrastructure and, then were given a rank order from

1 to 4, with 1 being least desirable and 4 being most

desirable. Subsequently attribute priority value (Table 1)

was multiplied by the ranks given for each attribute for

every diagnostic technique.

Results

Multi-attribute analysis ranked nPCR the highest one for lab

use followed by AF stain, ICT and lastly ELISA (Table 1).

Screening of the 250 samples revealed that n-PCR tar-

geting Hsp90 gene was able to detect Cryptosporidium

copro-DNA in 35(23.4 %) of GI and 6(6 %) in GII, fol-

lowed by ELISA and ICT assays, they were able to detect

Cryptosporidium copro-antigen in 16(10.7 %) and 15

(10 %) samples, respectively of GI and in 2(2 %) and one

(1 %) samples, respectively of GII.

AF stained stool smears detected Cryptosporidium

oocyst in 14(9.3 %) samples of the GI and no positive

cases were detected among GII (Table 2).

Considering n-PCR as a nominated reference standard,

ELISA showed the highest sensitivity followed by ICT, AF

stain came lastly.

The diagnostic yield, accuracy and Kappa agreement of

the used diagnostics were shown in Table 3. There were

moderate agreements between the used tests.

Discussion

Evaluation of the true ranking of one diagnostic method

over another for decision making, should be based on the

laboratory utility instead of being limited to the diagnostic

yields (sensitivity and specificity) (Tahira et al. 2012). The

Multi-attribute utility theory (Mac Pherson and Mc Queen

1993) and analytical hierarchy process (Dolan 1989) that

identify, characterize and combine different parameters

that were used in the present study to evaluate the true

ranking of the used diagnostics for detection of Cryptos-

poridium. Multi-attribute analysis proved that nPCR had

the highest rank for lab use followed by AF stain then ICT

and ELISA was the last one.

Similar findings were reported by El-Hamshary et al.

(2008), El-Settawy and Fathy (2012). However, Elgun and

Koltas (2011) reported that ELISA had the highest score

followed by PCR and AF stain, while Kehl et al. (1995)

ranked AF stain higher than ELISA.

Based on the obtained results Cryptosporidium was a

prevalent public health problem among the studied Egyptian

children (16.4 %, 41 cases) and was detected in both

symptomatic and asymptomatic groups indicating the pos-

sibility of occurrence of asymptomatic carrier state for

Cryptosporidium in non diarrheic immuno-competent chil-

dren. Cryptosporidiosis is under diagnosed and laboratories

should screen all stool specimens for Cryptosporidium.

Using PCR, different Cryptosporidium prevalence rates

were reported in Egypt (Hassan et al. 2002; El-Mohamady

et al. 2006; El-Shazly et al. 2007; El-Hamshary et al. 2008;

El-Settawy and Fathy 2012) and worldwide (Morgan et al.

1998; Khurana et al. 2012; Salyer et al. 2012), in Egypt the

prevalence ranged from 10.7 to 25.5 %. The difference in

the reported prevalence may be attributed to differences in

study population, demographic, behavioral, environmental

and socioeconomic factors, diagnostic methods, time of the

study (summer vs. winter), nutritional status of the chil-

dren, and educational level of parents (AL-Hindi et al.

2007).

Due to its higher sensitivity, PCR-based methods were

nominated by many authors (Jex et al. 2008; Salyer et al.

2012) and the present study as the gold standard test.

Table 1 Ranks given for each attribute in Multi-attribute evaluation of the used different diagnostic techniques

Evaluation item (attributes) Totala

Performance Costs Ease of Batch ability Species identific-ation

Sensitivity Specificity Use Interpretation

Priority value 0.35 0.35 0.95 0.9 0.15 0.5 0.07 –

Rank of method

AF stain 1 4 4 3 1 1 0 8.90

ICT 2 4 1 4 4 3 0 8.75

ELISA 3 4 2 2 2 2 1 7.52

nPCR 4 4 3 1 3 4 4 9.28

a In order to obtain lab use, priority values were multiplied by the ranks given for each attribute for every diagnostic technique, sum up was

given in total
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Microscopy and copro immunoassays were of prefect

specificity with 100 % specificity and PPV. However they

were of limited sensitivity with many cases escaping

diagnosis. Conflicting reports concerning the sensitivity of

fecal immunoassays over microscopy were recorded (Kehl

et al. 1995).

Different sensitivities of immunoassays for detection of

Cryptosporidium coproantigen were reported (Morgan

et al. 1998; Abdel-Baki et al. 2004; El-Hamshary et al.

2008; Elgun and Koltas 2011; El-Settawy and Fathy 2012),

possible explanation was that commercially available co-

proantigen detection formats react to different sets of sur-

face epitopes using mAbs which may react weakly or may

not react with antigens of different Cryptosporidium spe-

cies in clinical samples. Added to this, microscopy and

fecal immunoassays had a detection limit that had been

reported to be 50,000–500,000 oocysts/g of stool (Smith

2008).

The advantage of rapid detection using immunoassay

was limited by the persistence of antigens for several days,

after treatment or an abortive infection or by a cross-

reaction with other antigens (Garcia and Shimizu 1997). It

was reported that several mAbs against oocysts antigens of

C.parvum cross react with other parasitic life cycle stages,

other Cryptosporidium species or other coccidian parasites

(Chrisp et al. 1991; McDonald et al. 1995; Nina et al. 1992;

Ortega-Mora et al. 1992; Robert et al. 1994).

Beside its poor sensitivity, consuming time, the need of

expertise and the technical experience, the reduced excre-

tion of Cryptosporidium oocysts in non-diarrheic patients

may explain failure of AF staining microscopy to detect

oocysts in any of the present study formed stool samples

(Current and Garcia 1991; Tzipori et al. 1995; Weitzel

et al. 2006).

Challenge to incomparable sensitivity of PCR (Salyer

et al. 2012) is the reliable extraction of Cryptosporidium

copro-DNA from oocyst stage in stools. This requires a cell

disruption; include thermal treatment; boiling, and freeze–

thaw cycles, chemical and/or mechanical treatment. Also,

the highly sensitive primer set specific to the Hsp90 gene

Table 2 Results of AF stain, ICT, ELISA and nPCR in detection of Cryptosporidium among both studied groups

Symptomatic group (n = 150) Asymptomatic group (n = 100) All study groups (n = 250)

NPCR nPCR nPCR

?ve -ve Total ?ve -ve Total ?ve -ve Total

AF stain

?ve 14 0 14 0 0 0 14 0 14

-ve 21 115 136 6 94 100 27 209 236

Total 35 115 150 6 94 100 41 209 250

ICT

?ve 15 0 15 1 0 1 16 0 16

-ve 20 115 135 5 94 99 25 209 234

Total 35 115 150 6 94 100 41 209 250

ELISA

?ve 16 0 16 2 0 2 18 0 18

-ve 19 115 134 4 94 89 23 209 232

Total 35 115 150 6 94 100 41 209 250

Data presented as n

Table 3 Results of diagnostic yield, accuracy and Kappa agreement of the used diagnostics among all study individuals

AF stain ICT ELISA

Sensitivity 34 % 39 % 43.9 %

Specificity 100 % 100 % 100 %

PPV 100 % 100 % 100 %

NPV 88.5 % 89.3 % 90 %

Accuracy 94.8 % 96.4 % 98 %

Kappaa 0.46 0.51 0.56

a Key for Kappa: Poor agreement \0, Slight agreement 0.01–0.20, Fair agreement 0.21–0.40, Moderate agreement 0.41–0.60, Substantial

agreement 0.61–0.8, Almost perfect agreement 0.81–1.00

J Parasit Dis

123

Author's personal copy



together with the nPCR procedure further enhance the

specificity in addition to sensitivity of PCR.

Being the test with highest diagnostic yield, perfor-

mance and lab use, copro-nPCR amplification technique

using nPCR makes it a more appropriate option financially

particularly in developing countries and an obvious choice

for improved detection of Cryptosporidium from stool that

is going to replace conventional methods in near future.
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