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a b s t r a c t
Little is known about the epidemiology of Cryptosporidium in Jordan and no genotyping studies have been
conducted on Cryptosporidium isolates from humans or animals from Jordan. Genotyping of 44 Cryptosporidium isolates from Jordanian children at the 18S rRNA locus and a unique diagnostic locus identiﬁed
four Cryptosporidium species; C. parvum (22), C. hominis (20), C. meleagridis (1) and C. canis (1). Sub-genotype analysis of 29 isolates at the 60-kDa glycoprotein (GP60) locus identiﬁed three C. parvum, two C.
hominis subtype families and one C. meleagridis subtype. Several rare and novel subtypes were identiﬁed
indicating unique endemicity and transmission of Cryptosporidium in Jordan.
Ó 2010 Elsevier Inc. All rights reserved.

1. Introduction
Cryptosporidium is an enteric parasite that infects a wide range of
hosts including humans, domestic and wild animals. In humans,
Cryptosporidium infection can result in severe diarrhoea, which is
usually self-limiting in immunocompetent individuals, but may be
chronic and life-threatening to those that are immunocompromised
(Xiao, 2010). Cryptosporidium is prevalent in Jordan (Youssef et al.,
2000; Nimri, 2003; Abo-Shehada et al., 2004; Mahgoub et al.,
2004), but to date no genotyping studies have been conducted on
Cryptosporidium isolates from humans. The aim of the present study,
therefore, was to examine samples from sporadic cases of cryptosporidiosis in Jordanian children over a 2-year period (2007–2008) to
identify the species and subtypes of Cryptosporidium involved to better understand the transmission dynamics and distribution of the
parasite in Jordan.
2. Materials and methods
2.1. Cryptosporidium isolates
A total of 1585 diarrheic stool specimens were collected from
May 2007 to November 2008 from children from birth to 12 years,
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admitted to the Princess Rahma Teaching Hospital in Irbid, suffering from gastrointestinal illness. A total of 104 microscopy negative samples were also screened directly by PCR to determine the
percentage of samples not detected by microscopy. During this
period an outbreak of cryptosporidiosis occurred in Jordan and
samples were also collected from four sick children admitted to
King Abdulla Hospital in Irbid and screened by PCR.
2.2. Microscopy and DNA typing
Microscopy was performed using malachite green negative staining as previously described (Elliot et al., 1999). Brieﬂy, 1 g aliquots of
faeces were emulsiﬁed in 8 ml of distilled water and then spun at 800g
for 5 min and the supernatant removed. A drop of 5% malachite green
in distilled water was then placed on a slide and mixed with one drop
of the fecal pellet collected from the surface of the fecal pellet. Slides
were examined for the presence of Cryptosporidium oocysts under
40 and 100 objectives. Total DNA was extracted using a QIAmp
DNA Stool Kit (Qiagen, Germany). All samples were initially screened
using a C. parvum and C. hominis speciﬁc qPCR at a unique Cryptosporidium speciﬁc protein-coding locus previously described (Yang et al.,
2009). Isolates were further genotyped using a two-step nested PCR
and sequencing of a 540 bp product at the 18S rRNA locus (Ryan
et al., 2003). Positive samples were subtyped at the GP60 gene locus
using a two-step nested PCR that ampliﬁes a 830 bp fragment
(Strong et al., 2000; Sulaiman et al., 2005). In preparation for DNA
sequencing, secondary PCR products were puriﬁed and sequenced
as previously described (Ng et al., 2006).
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Nucleotide sequences were analyzed using ChromasPro version
2.3 (http://www.technelysium.com.au) and aligned with reference
genotypes from GenBank using ClustalW (http://clustalw.
genome.jp).

Table 2
Cryptosporidium GP60 subtypes identiﬁed in children in Jordan.
Cryptosporidium
species

GP60 subtype
family

GP60
subtype

No.
subtypes

C. hominis

Ib

IbA6G3
IbA9G3
IbA10G2
IbA20G2
IdA21
IdA24

3
3
1
1
2
5

IIaA15G1R1
IIaA20G3R1
IIcA5G3a
IIdA14G1
IIdA20G1
IIdA24G1
IIdA29G1

2
1
2
1
5
1
1

IIIaA12G3R1

1

3. Results
Id

3.1. Cryptosporidium species
A total of 28 samples from Rahma Hospital were positive by
microscopy for the presence of Cryptosporidium oocysts giving a
microscopy prevalence of 1.8% (28/1585). qPCR screening of 104
microscopy negative samples detected an additional 18 positives
however, indicating that the true prevalence was much higher
(>19%). All four samples collected from children at the King Abdulla Hospital were positive by PCR.
Amongst the 28 microscopy positive isolates, the most common
clinical symptoms were diarrhoea and abdominal pain, reported in
all 28 cases, vomiting and loss of appetite was the second most common symptom and was reported in 57.2% (16/28). The four children
admitted to King Abdulla Hospital during the outbreak were critically ill suffering from fever, vomiting and general weakness.
Amongst the 18 PCR positives identiﬁed from the microscopy negative samples, diarrhoea and abdominal pain were experienced by
83% (15/18) and the remaining 3 were asymptomatic. All the children were aged 2 months–12 years but the majority of Cryptosporidium-positive samples were from children less than 5 years old.
At the 18S locus, a total of 22 of the 28 microscopy positive isolates from the Princess Rahma Teaching Hospital were successfully
sequenced. Two Cryptosporidium species were identiﬁed; C. parvum
(12) and C. hominis (10) (Table 1). The 18 microscopy-negative but
qPCR-positive isolates were typed as C. parvum (9), C. hominis (8)
and C. meleagridis (1). The four isolates collected from the King
Abdulla Hospital during the outbreak were genotyped as C. hominis
(2), C. parvum (1) and C. canis (1).
3.2. GP60 sub-typing
A total of 29 isolates were successfully subtyped at the GP60 locus. Sequence analysis of the GP60 locus identiﬁed three C. parvum,
two C. hominis subtype families and one C. meleagridis subtype
(Table 2). There was 100% agreement between 18S and GP60
sub-typing i.e. isolates that typed as C. parvum at the 18S, also
typed as C. parvum at the GP60 locus, etc. The three C. parvum subtype families were IIa, IIc and IId. Within these three C. parvum
subtype families, seven different subtypes were identiﬁed;
IIaA15G1R1 (2), IIaA20G3R1 (1), IIcA5G3a (2), IIdA14G1 (1), IIdA20G1 (5), IId A24G1 (1), IIdA29G1 (1). The two C. hominis subtypes families were Ib and Id and six different C. hominis
subtypes were identiﬁed; IbA6G3 (3), IbA9G3 (3), IbA10G2 (1),
IbA20G2 (1), IdA21 (2) and IdA24 (5). The C. meleagridis isolate

Table 1
Cryptosporidium species identiﬁed in children in Jordan.
Source of isolates

No.
isolates
(n)

Cryptosporidium species

C.
C.
C.
C.
parvum hominis meleagridis canis
Rahma Hospital
(microscopy positive)
Rahma Hospital
(microscopy negative)
King Abdulla Hospital
Total

28
12
(22 were typed)
18
9

10

0

0

8

1

0

4
50

2
20

0
1

1
1

1
22

C. parvum

IIa
IIc
IId

C. meleagridis

IIIa

was typed as IIIa. Only one of the four isolates collected from the
King Abdulla Hospital was typed at the GP60 locus and this was
identiﬁed as C. hominis IbA10G2. The novel C. parvum GP60 IIdA29G1 subtype identiﬁed in the present study has been submitted to GenBank under the Accession No. GU458803.
4. Discussion
In the present study, the prevalence of Cryptosporidium was
1.8% (28/1585) using microscopy. Previous studies in Jordan have
reported a prevalence of 37.7% (112/300) in children from birth
to 12 years attending Princess Rahma Teaching Hospital in Irbid,
Jordan (Mahgoub et al., 2004). In that study, direct immunoﬂuorescence was used. An earlier study reported a much lower prevalence
(8%) in 200 stool samples from patients with gastroenteritis from
four health centers in a rural area of Jordan (Nimri, 2003). In that
study, isolates were screened using formalin-ethyl acetate concentration, wet mount preparations and modiﬁed acid-fast staining
methods (Nimri, 2003). Another study, which examined stool samples from 265 children, under 5 years of age, admitted to the pediatric ward at Princess Rahma Hospital for Children, Irbid, Jordan,
reported a prevalence of 1.5% for Cryptosporidium using thin
smears prepared from un-concentrated suspensions of stool
(Youssef et al., 2000).
Molecular analysis of 104 microscopy negative isolates identiﬁed an additional 18 positives (17.3%), indicating that a signiﬁcant
number of Cryptosporidium positives are not being detected by
microscopy and indicating that the true prevalence is much higher
(>19%).
In the present study, four different Cryptosporidium species
were detected; C. parvum, C. hominis, C. canis and C. meleagridis.
This is the ﬁrst genetic characterization of Cryptosporidium in human patients in Jordan and the ﬁrst report of C. canis and C. meleagridis in Jordan. The immune status of the patients was not
known. The patient infected with C. canis was critically ill in hospital and was suffering from additional parasitic (Giardia) and bacterial (Shigella) infections.
Of the 44 isolates that were typed, 50% were C. parvum and
45% were C. hominis. Previous studies in humans in the Middle
East have also reported that C. parvum is the predominant Cryptosporidium species. For example, in Iran, 15 microscopy positive human fecal samples analysed using molecular tools identiﬁed 11/15
as C. parvum and 4/15 as C. hominis (Meamar et al., 2007). In Kuwait, 94% (58/62) of children screened had C. parvum, 5% (3/62)
had C. hominis, and 1% (1/62) had both C. parvum and C. hominis
(Sulaiman et al., 2005). Another study in Shahriar (a suburb of
Tehran, Iran), identiﬁed 18/24 isolates as C. parvum and the
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remaining 6 isolates as C. hominis from patients with diarrhea
(Pirestani et al., 2008). However, another study which examined
Cryptosporidium samples from HIV patients in Iran identiﬁed
C. hominis in 15/21 and C. parvum in 6/21 (Zavvar et al., 2008). In
Turkey, C. parvum was identiﬁed in four samples from school children (Tamer et al., 2007). In Saudi Arabia, C. parvum was identiﬁed
in 15/35 (42.9%) Cryptosporidium-positive samples collected from
children in Jeddah city, C. hominis in 13/35 (37%), C. meleagridis
in one sample and C. muris in one sample (Al-Brikan et al., 2008).
One isolate was a mixed infection of C. parvum and C. hominis
(Al-Brikan et al., 2008).
The GP60 gene is highly polymorphic and within C. hominis,
C. parvum, and C. meleagridis, several subtype families have been
identiﬁed; seven subtype families in C. hominis (Ia–Ig), 2 zoonotic
(IIa, IId) and 10 non-zoonotic (IIb, IIc, IIe–IIl) subtype families in
C. parvum, and six subtype families in C. meleagridis (IIIa–IIIf)
(Plutzer and Karanis, 2009; Xiao, 2010). In the present study, sequence analysis of the GP60 locus identiﬁed three C. parvum and
two C. hominis subtype families. The C. parvum subtype
IIaA15G1R1 was identiﬁed in two children. This subtype was also
identiﬁed in two children in Kuwait (Sulaiman et al., 2005). Subtype IIaA20G3R1 was identiﬁed in one child. This subtype has been
identiﬁed in humans and cattle in Australia and in a drinking water
outbreak in Northern Ireland (Glaberman et al., 2002; Chalmers
et al., 2005; Ng et al., 2008; Waldron et al., 2009).
Four different subtypes (IIdA14G1, IIdA20G1, IId A24G1 and IIdA29G1) of the less common C. parvum subtype family IId were
identiﬁed. The IId subtype has previously been reported in humans
and cattle in Portugal (Alves et al., 2003, 2006), cattle in Hungary
(Plutzer and Karanis, 2007), lambs and goats in Spain (Quílez
et al., 2008) and humans in Ireland, Kuwait, The Netherlands and
Australia (Sulaiman et al., 2005; Wielinga et al., 2008; Waldron
et al., 2009; Zintl et al., 2009). Interestingly, C. parvum IId subtypes
have never been found in humans or calves in the United States
and Canada (Xiao, 2010). Two of the subtypes identiﬁed in the
present study (IIdA14G1 and IIdA24G1) have previously been reported in lambs in Spain (Quílez et al., 2008). The IIdA20G1 subtype identiﬁed in the present study has previously been
identiﬁed at a high prevalence in children in Kuwait (Sulaiman
et al., 2005). In that study, the other IId subtype identiﬁed was IIdA18G1. Subtype IIdA24G1 has previously been reported in one
human in Australia (Waldron et al., 2009). Subtype IIdA29G1 however appears to be new IId subtype indicating unique and possibly
anthroponotic transmission of C. parvum in Jordan.
The identiﬁcation of the C. parvum subtype IIcA5G3 in two isolates provides further evidence for anthroponotic transmission of
C. parvum in Jordan. The IIc subtype family has been found in humans in Portugal, Slovenia, The Netherlands, Australia, Japan
(Alves et al., 2006; Jex et al., 2008; O’Brien et al., 2008; Soba and
Logar, 2008; Waldron et al., 2009), but has not been identiﬁed in
animals. IIc subtypes are also commonly found in humans in developing countries (Xiao, 2010). There are four major types of IIc sequences, which differ from each other signiﬁcantly in the 30
region of the gene (Xiao, 2010). The subtype seen in the present
study was IIcA5G3a. This subtype was also identiﬁed in children
in Kuwait (Sulaiman et al., 2005).
In the present study, four C. hominis 1b subtypes were identiﬁed; IbA6G3, IbA9G3, IbA10G2 and IbA20G2. The clinical signiﬁcance of the various C. hominis subtypes in humans is not yet
clear. However a recent study reported that the Ib subtype family
appeared to be much more virulent than other subtype families
and was signiﬁcantly associated with diarrhea, nausea, vomiting
and general malaise (Cama et al., 2008). Worldwide, IbA9G3 and
IbA10G2 are the two common subtypes within the Ib subtype family. IbA9G3 is commonly seen in humans in Malawi, Kenya, India,
and Australia, and IbA10G2 is commonly seen in South Africa, Bots-
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wana, Jamaica, Peru, USA, Canada, Australia, and European countries (Glaberman et al., 2002; Leav et al., 2002; Alves et al., 2003,
2006; Chalmers et al., 2005; Gatei et al., 2006, 2007). In addition,
IbA10G2 is responsible for more than half of the waterborne outbreaks of gasterenteritis in the United States, United Kingdom,
Canada and France (Xiao, 2010). One of the stool samples collected
from four children from King Abdulla Hospital during the Cryptosporidium outbreak in Jordan was typed as IbA10G2. Subtype
IbA20G2 is a rare subtype and has only been reported in wastewater samples in Shanghai (Feng et al., 2009). Subtype IbA6G3 is also
a rare subtype and has only been reported previously in one human in Australia (Waldron et al., 2009).
In the present study, two Id subtypes were identiﬁed; subtype
IdA21 in one child and IdA24 in ﬁve children. The C. hominis subtype family Id has been commonly reported in Australia, Canada,
Kenya, Malawi, India, Peru, South Africa, and the USA (Strong
et al., 2000; Peng et al., 2001; Leav et al., 2002; Alves et al.,
2006; O’Brien et al., 2008; Ong et al., 2008; Xiao, 2010). In the present study, subtype IdA21 identiﬁed in one child, is a relatively rare
subtype and has previously been reported in China and South Africa (Leav et al., 2002; Accession No. EF591785, EF591786,
FJ707316). Subtype IdA24 has previously been identiﬁed in the
US, in a waterborne outbreak of gastroenteritis in south Burgundy,
France and in children in Kenya (Strong et al., 2000; Cohen et al.,
2006; Gatei et al., 2006).
Results of our study show that anthroponotic transmission is
important in the epidemiology of cryptosporidiosis in Jordan. This
conclusion is based on our ﬁnding of C. hominis and anthroponotic
C. parvum (IIc subtype family) as well as rare and novel IId subtypes that have not been reported in animals in 79% (23/29) of isolates subtyped. In addition, the identiﬁcation of rare and novel
C. hominis and C. parvum subtypes in children in Jordan suggest unique endemicity of cryptosporidiosis in Jordanian children. The
majority of cases were associated with clinical symptoms but
unfortunately, insufﬁcient epidemiological data were collected to
elucidate the source of Cryptosporidium infections and reasons
responsible for the unique endemicity. A well-designed case control study, with detailed collection of data on water and food
sources and animal contact, would be helpful in identifying risk
factors involved in the acquisition of Cryptosporidium infection
and in answering some of the above questions. Sampling of water
and domestic animals would also be useful. In particular, sub-typing C. parvum from domestic animals in Jordan is needed in the
determination of the extent of zoonotic transmission of cryptosporidiosis in Jordanian children.
Acknowledgments
We are grateful to the staff at Rahma Hospital especially Dr. Ahmad Al-Omari and Aroub Bataineh for their assistance in the
microscopic detection of positive samples. Part of the research
funding for this project was obtained from Hashemite University
Scientiﬁc Research and Graduate Studies Department.
References
Abo-Shehada, M., Hindyia, M., Saiah, A., 2004. Prevalence of Cryptosporidium parvum
in private drinking water cisterns in Bani-Kenanah district, northern Jordan.
International Journal of Environmental Health Research 14, 351–358.
Al-Brikan, F.A., Salem, H.S., Beeching, N., Hilal, N., 2008. Multilocus genetic analysis
of Cryptosporidium isolates from Saudi Arabia. Journal of the Egyptian Society
for Parasitology 38, 645–658.
Alves, M., Xiao, L., Sulaiman, I., Lal, A., Matos, O., Antunes, F., 2003. Subgenotype
analysis of Cryptosporidium isolates from humans, cattle and zoo ruminants in
Portugal. Journal of Clinical Microbiology 41, 2744–2747.
Alves, M., Xiao, L., Antunes, F., Matos, O., 2006. Distribution of Cryptosporidium
subtypes in humans and domestic and wild ruminants in Portugal. Parasitology
Research 99, 287–292.

Author's personal copy

164

N. Hijjawi et al. / Experimental Parasitology 125 (2010) 161–164

Cama, V.A., Bern, C., Roberts, J., Cabrera, L., Sterling, C.R., Ortega, Y., Gilman, R.H.,
Xiao, L., 2008. Cryptosporidium species and subtypes and clinical manifestations
in children, Peru. Emerging Infectious Diseases 14, 1567–1574.
Chalmers, R.M., Ferguson, C., Caccio, S., Gasser, R.B., Abs EL-Osta, Y.G., Heijnen, L.,
Xiao, L., Elwin, K., Hadﬁeld, S., Sinclair, M., Stevens, M., 2005. Direct comparison
of selected methods for genetic categorisation of Cryptosporidium parvum and
Cryptosporidium hominis species. International Journal of Parasitology 35, 397–
410.
Cohen, S., Dalle, F.A., Gallay, Di., Palma, M., Bonnin, A., Ward, H.D., 2006.
Identiﬁcation of Cpgp40/15 type Ib as the predominant allele in isolates of
Cryptosporidium spp. from a waterborne outbreak of gastroenteritis in South
Burgundy, France. Journal of Clinical Microbiology 44, 589–591.
Elliot, A., Morgan, U.M., Thompson, R.C.A., 1999. Improved staining method for
detecting Cryptosporidium oocysts in stools using malachite green. Journal of
General and Applied Microbiology 45, 139–142.
Feng, Y., Li, N., Duan, L., Xiao, L., 2009. Cryptosporidium genotype and subtype
distribution in raw wastewater in Shanghai, China: evidence for possible unique
Cryptosporidium hominis transmission. Journal of Clinical Microbiology 47, 53–
157.
Gatei, W., Hart, C.A., Gilman, R.H., Das, P., Cama, V., Xiao, L., 2006. Development of a
multilocus sequence typing tool for Cryptosporidium hominis. Journal of
Eukaryotic Microbiology 53, S43–S48.
Gatei, W., Das, P., Dutta, P., Sen, A., Cama, V., Lal, A.A., Xiao, L., 2007. Multilocus
sequence typing and genetic structure of Cryptosporidium hominis from children
in Kolkata, India. Infection, Genetics and Evolution 7, 197–205.
Glaberman, S., Moore, J.E., Lowery, C.J., Chalmers, R.M., Sulaiman, I., Elwin, K.,
Rooney, P.J., Millar, B.C., Dooley, J.S., Lal, A.A., Xiao, L., 2002. Three drinking
water associated cryptosporidiosis outbreaks, Northern Ireland. Emerging
Infectious Diseases 8, 631–633.
Jex, A.R., Pangasa, A., Campbell, B.E., Whipp, M., Hogg, G., Sinclair, M.I., Stevens,
M., Gasser, R.B., 2008. Classiﬁcation of Cryptosporidium species from
patients with sporadic cryptosporidiosis by use of sequence-based
multilocus analysis following mutation scanning. Journal of Clinical
Microbiology 46, 2252–2262.
Leav, B.A., Mackay, M.R., Anyanwu, A., O’Connor, R.M., Cevallos, A.M., Kindra, G.,
Rollins, N.C., Bennish, M.L., Nelson, R.G., Ward, H.D., 2002. Analysis of sequence
diversity at the highly polymorphic Cpgp40/15 locus among Cryptosporidium
isolates from human immunodeﬁciency virus-infected children in South Africa.
Infection and Immunity 70, 3881–3890.
Mahgoub, E.S., Almahbashi, A., Abdulatif, B., 2004. Cryptosporidiosis in children in a
north Jordanian paediatric hospital. Eastern Mediterranean Health Journal 10,
494–501.
Meamar, A.R., Guyot, K., Certad, G., Dei-Cas, E., Mohraz, M., Mohebali, M.,
Mohammad, K., Mehbod, A.A., Rezaie, S., Rezaian, M., 2007. Molecular
characterization of Cryptosporidium isolates from humans and animals in Iran.
Applied and Environmental Microbiology 73, 1033–1035.
Ng, J., Pavlasek, I., Ryan, U., 2006. Identiﬁcation of novel Cryptosporidium
genotypes from avian hosts. Applied and Environmental Microbiology 72,
7548–7553.
Ng, J., Eastwood, K., Durrheim, D., Massey, P., Walker, B., Armson, A., Ryan, U., 2008.
Evidence supporting zoonotic transmission of Cryptosporidium in regional New
South Wales. Experimental Parasitology 119, 192–195.
Nimri, L.F., 2003. Cyclospora cayetanensis and other intestinal parasites associated
with diarrhea in a rural area of Jordan. International Microbiology 6, 131–135.
O’Brien, E., McInnes, L., Ryan, U., 2008. Cryptosporidium GP60 genotypes from
humans and domesticated animals in Australia, North America and Europe.
Experimental Parasitology 118, 118–121.

Ong, C.S., Chow, S., Gustafson, R., Plohman, C., Parker, R., Isaac-Renton, J.L., Fyfe,
M.W., 2008. Rare Cryptosporidium hominis subtype associated with aquatic
center use. Emerging Infectious Diseases 14, 1323–1325.
Peng, M.M., Matos, O., Gatei, W., Das, P., Stantic-Pavlinic, M., Bern, C., Sulaiman, I.M.,
Glaberman, S., Lal, A.A., Xiao, L., 2001. A comparison of Cryptosporidium
subgenotypes from several geographic regions. Journal of Eukaryotic
Microbiology 48, 28S–31S.
Pirestani, M., Sadraei, J., Dalimi Asl, A., Zavvar, M., Vaeznia, H., 2008. Molecular
characterization of Cryptosporidium isolates from human and bovine using 18s
rRNA gene in Shahriar county of Tehran, Iran. Parasitology Research 103, 467–
472.
Plutzer, J., Karanis, P., 2007. Genotype and subtype analyses of Cryptosporidium
isolates from cattle in Hungary. Veterinary Parasitology 146, 357–362.
Plutzer, J., Karanis, P., 2009. Genetic polymorphism in Cryptosporidium species: an
update. Veterinary Parasitology 165, 187–199.
Quílez, J., Torres, E., Chalmers, R.M., Hadﬁeld, S.J., Del Cacho, E., Sánchez-Acedo, C.,
2008. Cryptosporidium genotypes and subtypes in lambs and goat kids in Spain.
Applied and Environmental Microbiology 74, 6026–6031.
Ryan, U., Xiao, L., Read, C., Zhou, L., Lal, A.A., Pavlasek, I., 2003. Identiﬁcation of novel
Cryptosporidium genotypes from the Czech Republic. Applied and
Environmental Microbiology 69, 4302–4307.
Soba, B., Logar, J., 2008. Genetic classiﬁcation of Cryptosporidium isolates from
humans and calves in Slovenia. Parasitology 135, 1263–1270.
Strong, W.B., Gut, J., Nelson, R.G., 2000. Cloning and sequence analysis of a highly
polymorphic Cryptosporidium parvum gene encoding a 60-kilodalton
glycoprotein and characterization of its 15- and 45-kilodalton zoite surface
antigen products. Infection and Immunity 68, 4117–4134.
Sulaiman, I.M., Hira, P.R., Zhou, L., Al-Ali, F.M., Al-Shelahi, F.A., Shweiki, H.M., Iqbal,
J., Khalid, N., Xiao, L., 2005. Unique endemicity of cryptosporidiosis in children
in Kuwait. Journal of Clinical Microbiology 43, 2805–2809.
Tamer, G.S., Turk, M., Dagci, H., Pektas, B., Guy, E.C., Guruz, A.Y., Uner, A., 2007. The
prevalence of cryptosporidiosis in Turkish children, and genotyping of isolates
by nested polymerase chain reaction-restriction fragment length
polymorphism. Saudi Medical Journal 28, 1243–1246.
Waldron, L.S., Ferrari, B.C., Power, M.L., 2009. Glycoprotein 60 diversity in C. Hominis
and C. parvum causing human cryptosporidiosis in NSW, Australia.
Experimental Parasitology 122, 124–127.
Wielinga, P.P., de Vries, A., van der Goot, T.H., Mank, T., Mars, M.H., Kortbeek, L.M.,
van der Giessen, J.W.B., 2008. Molecular epidemiology of Cryptosporidium in
humans and cattle in The Netherlands. International Journal of Parasitology 38,
809–817.
Xiao, L., 2010. Molecular epidemiology of cryptosporidiosis: an update.
Experimental Parasitology 124, 80–89.
Yang, R., Jacobson, C., Gordon, C., Ryan, U., 2009. Prevalence and molecular
characterisation of Cryptosporidium and Giardia species in pre-weaned sheep in
Australia. Veterinary Parasitology 161, 19–24.
Youssef, M., Shurman, A., Bougnoux, M., Rawashdeh, M., Bretagne, S., Strockbine, N.,
2000. Bacterial, viral and parasitic enteric pathogens associated with acute
diarrhea in hospitalized children from northern Jordan. FEMS Immunology and
Medical Microbiology 28, 257–263.
Zavvar, M., Sadraei, J., Emadi, H., Pirestani, M., 2008. The use of a nested PCR-RFLP
technique, based on the parasite’s 18S ribosomal RNA, to characterise
Cryptosporidium isolates from HIV/AIDS patients. Annals of Tropical Medical
Parasitology 102, 597–601.
Zintl, A., Proctor, A.F., Read, C., Dewaal, T., Shanaghy, N., Fanning, S., Mulcahy, G.,
2009. The prevalence of Cryptosporidium species and subtypes in human faecal
samples in Ireland. Epidemiology and Infection 137, 270–277.

