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Molecular characterization of cystic echinococcosis: 
First record of G7 in Egypt and G1 in Yemen
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Abstract
Few molecular studies have identified the current status of cystic echinococcosis in Egypt. The present study aimed to ascer-
tain the genotype(s) of Echinococcus granulosus responsible for human hydatidosis in different Egyptian governorates 
(regions). Animal isolates were collected from 40 camels, 5 pigs and 44 sheep. 27 human isolates were included in the present
study. Specific PCR was performed and followed by DNA sequencing for mitochondrial 12S ribosomal RNA gene and BLAST
analysis.The sheep cysts were not hydatid cysts. G6 genotype (camel starin) predominates in human, camel and pig isolates.
G7 genotype (pig strain) was detected in two human isolates and one pig isolate. G1 genotype (sheep strain) was detected in
one human isolate from Yemen and in no animal isolates. This is the first record of G7 in Egypt and G1 in Yemen.
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Introduction

Studying cystic echinococcosis (CE) genotypes is of great epi-
demiological importance. Molecular studies using mitochondr-
ial DNA sequences have identified 10 distinct genetic types
(G1-10) within Echinococcus granulosus (Thompson and 
McManus 2002; McManus and Thompson 2003). To date, 7
genotypes have been identified in Middle East and North Africa:
G1, G2, G3, G4, G5, G6 and G7 (Sadjjadi 2006; Omer et al.
2010; Ahmed et al. 2013; Adwan et al. 2013; Cardona and Car-
mena 2013; Alvarez Rojas et al. 2014). Only G1, G4 and G6
have been characterized in Egypt (Abd El Baki et al. 2009; Aaty
et al. 2012; Aboelhadid et al. 2013). Few molecular studies have
identified the current status of E. granulosus genotypes in
Egypt. Moreover, Egyptian reports concerning the predominant
E. granulosus genotype in human and animal isolates are con-
troversial (Azab et al. 2004; Abd El baki et al. 2009; Tawfeek
et al. 2009; Aaty et al. 2012). Therefore, the present study aimed
to ascertain the genotype(s) of E. granulosus responsible for
human hydatidosis in different Egyptian governorates (regions).

Materials and Methods

The study was conducted from June 2011 to December 2012 and
included different Egyptian governorates (regions), see Fig.1.

Ethical consideration

An informed consent was taken from the patients after ex-
plaining the aim of the study to them. The study was approved
by the Research Ethics Committee, Faculty of Medicine, Ain
Shams University.

Human isolates

Human isolates were collected from different Egyptian hos-
pitals of different governorates; 10 from Qalyubiya, 5 from
Giza, 4 from Cairo, 3 from Buhayra, 2 from Fayoum, 1 from
Sharqiya (Zagazig), 1 from Bani Suwayf and 1 from Menufiya
(Fig. 1). The 27 patients had confirmed CE by HCF examina-
tion or histopathological examination. The isolates were col-
lected either after surgical removal of hydatid cysts or after
PAIR (Percutaneous Aspiration-Injection-Reaspiration) tech-
nique. It included: 20 hepatic CE, 5 pulmonary CE and 2 mul-
tiple organ CE.

Animal isolates

Animal isolates were collected from different Egyptian abat-
toirs and consist of 89 isolates (40 camels, 5 pigs and 44 sheep
cysts). The camel and pig cysts were fertile and confirmed to
be E. granulosus by HCF examination. The sheep cysts were
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confirmed by histopathology to be the cysticercus of Taenia
hydatigena which is known as cysticercus tenuicollis.

DNA extraction

Parasitic materials collected from human and animal isolates
were processed according to Zhang et al. (1998). DNA 
extraction was performed using "QIAamp® DNA Mini Kit"
supplied by QIAGEN, Germany (cat. No.: 51304). The man-
ufacturer protocol for DNA extraction from tissue was used
for protoscoleces and germinal layer samples, whereas the
manufacturer protocol for DNA extraction from fluid was used
for HCF samples.

PCR assay

PCR assay was done according to Dinkel et al. (2004) to de-
tect E. granulosus G1 and G5/6/7 genotypes. This PCR study
was carried out to amplify the 254 bp fragment corresponding
to the mitochondrial 12S rRNA gene. The PCR program is 40
cycles (denaturation for 30 s at 94°C, annealing for 1 min at
57°C (for G1) and at 53°C (for G5/6/7), and elongation for 40
s at 72°C). Reference strains supplied by Dr. Mara Cecilia
Rosenzvit were used as controls.

DNA sequencing

PCR purification kit (AxyPrep PCR Clean-up Kit" cat. No.:
AP-PCR-50, from Axygen Biosciences, USA) was used to pu-
rify the PCR products. The G5/6/7 PCR was followed by for-
ward and reverse sequencing to detect the specific genotype.

The G1 PCR was also followed by sequencing. Sequencing
was done for mitochondrial 12S rRNA gene using ABI 3730xl
DNA analyzer. Nucleotide sequence analysis was done by
using the National Center for Biotechnology Information
BLAST programs and databases.

Results

G1 PCR assay and DNA sequencing for human and animal
isolates

G1genotype of E. granulosus was detected in one out of 
27 CE patients and in no animal isolates. The absence of the
G1 genotype in the animal isolates called for further inves-
tigation about the positive human case to inspect the source
of his infection. The G1 human isolate was from Yemeni pa-
tient. He lived in Yemen and came to Egypt 3 weeks before
the discovery of his case. He had a history of contact to
sheep herd and dog in Yemen. He had a pulmonary cyst
measuring 6 cm, indicating its development before his re-
cent residence in Egypt. Therefore, the source of the G1
genotype in the human isolate in the present study was from
Yemen.

To confirm the PCR results, the amplified fragments of the
G1 PCR assay were sequenced and deposited in the Gen-
BankTM under the accession numbers of KJ801848 (Argen-
tinean reference strain) and KJ801849 (Yemeni human
isolate). The obtained sequences were compared with the
Brazilian G1 sequence of Dinkel et al. (2004) deposited in the
GenBankTM. The Yemeni and the Argentinian nucleotide se-
quences are identical to the Brazilian G1 of Dinkel et al.
(2004). 

G5/6/7 PCR assay and DNA sequencing for human and an-
imal isolates

All isolates from camels, pigs and CE patients, included in the
current study, were positive for the G5/6/7 PCR. DNA se-
quencing was performed to characterize the specific genotype
of G5/6/7. It revealed that all isolates were of G6 genotype
(camel strain) except two Egyptian CE patient isolates and one
pig isolate were of the G7 genotype (pig strain). The obtained
G7 sequence was deposited in the GenBankTM under the ac-
cession number of KM098121. Comparison of the Egyptian
G7 genotype with the Slovakian G7 of Dinkel et al. (2004)
showed 100% identity. The obtained G6 genotype nucleotide
sequence is identical to the Egyptian G6 deposited by Aaty
et al. (2012).

Discussion

In the present study, we expand the research area to include
different Egyptian governorates to ascertain the genotypes re-

Fig. 1. Map showing distribution of CE patients in Egyptian gover-
norates (regions) 
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sponsible for CE in Egypt. All animal isolates were of G6
genotype except one pig isolate which was G7 genotype. In
the present study, 4 pigs were found to harbour the G6 geno-
type. This was previously reported by Dinkel et al. (2004) in
Kenya and Aaty et al. (2012) in Egypt. 

None of the sheep isolates were hydatid cysts, although
large number of sheep cysts was examined and abattoirs of
different regions were surveyed. All sheep cysts were the cys-
ticercus of Taenia hydatigena which is known as cysticercus
tenuicollis as reported by Azab et al. (2004) and Aaty et al.
(2012). However, Abd El Baki et al. (2009); Tawfeek et al.
(2009); Taha (2012) reported the presence of hydatid cysts in
sheep. This controversy may be also due to changes in time
and/or place (region) of the studies. Moreover, the cysts of
Taenia hydatigena may be mistaken as hydatid cysts by some
research groups. 

In the present work, all tested human isolates were of G6
genotype except two Egyptian patients of G7 genotype and
one Yemeni patient of G1 genotype. The absence of G1 geno-
type and the predominance of G6/7 genotype in all animal iso-
lates (reservoir hosts), coincided with the absence of G1
genotype and the predominance of the G6/7 genotypes in the
Egyptian human isolates. Both Azab et al. (2004) and Aaty
et al. (2012) reported that camels are the source of infection
and that G6 genotype is predominant in Egypt. The G6 geno-
type is also predominant in human and animal isolates in
Sudan and Mauritania (Bardonnet et al. 2002; Dinkel et al.
2004; Maillard et al. 2007; Omer et al. 2010). 

For the first time, we report the presence of G7 genotype
of E. granulosus in Egypt. G7 genotype was reported in
human by different authors in Poland, Austria, Turkey and
Mongolia (Pawlowski and Stefaniak 2003; Schneider et al.
2010; Snabel et al. 2009; Jabbar et al. 2011).The small num-
bers of pigs raised and slaughtered may indicate the presence
of other reservoir hosts for E. granulosus G7 genotype in
Egypt. Goats, camels and sheep are reported to harbor G7
genotype in neighboring countries like Sudan and Mauritania
(Dinkel et al. 2004; Farjallah et al. 2007; Omer et al. 2010).

In the current work, G1 genotype was identified in one
human isolate which was proved to be of Yemeni origin. This
study is the first to genetically characterize E. granulosus
genotypes in Yemeni human isolate and to record the presence
of G1 genotype in Yemen. E. granulosus G1 genotype was
previously reported in countries neighboring Yemen like Jor-
dan, Palestine and Iran (Zhang et al. 1998; Yanagida et al.
2012; Adwan et al. 2013). However, molecular data concern-
ing E. granulosus from Arabian Peninsula is lacking.

The contradictory results about the status of G1in the
Egyptian reports may be due to change in the region of the
study. Moreover, using non-specific techniques like RAPD-
PCR (Azab et al. 2004; Taha 2012) and RFLP-PCR (Tawfeek
et al. 2009) may lead to inability to distinguish between the
banding patterns (McManus 2002; Dinkel et al. 2004). Also,
the difference between the recent address and the residence of
the patients may lead to misleading data about the presence or

absence of G1 genotype in Egypt like in the case of the
Yemeni patient in our study. Therefore, tracing the source of
CE in patients with history of travelling is mandatory.

Further molecular studies are recommended on different
reservoir hosts and regions to explore the E. granulosus geno-
types in Egypt.
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