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Abstract 

The tapeworm, Echinococcus granulosus,  causes a major public health as its 

larval stage causes the life threatening cyclozoonotic disease, in different parts of the 

world. E. granulosus were isolated from different livestock (camel, sheep and goat) 

of Riyadh in Saudi Arabia. The possibility of intra-genotype variation was 

investigated using randomly amplified polymorphic DNA (RAPD) analysis by 20 

random primers of 8-10 mers. After isolation of protoscolices from fertile cyst, DNA 

was extracted and Internal Transcribed Spacer gene 1 (ITS1) was amplified using 

specific primer and followed by Restriction Fragment Length Polymorphism (RFLP) 

with the four restriction enzymes (HhaI, AluI, MspI & RsaI). Our study showed no 

ITS1 variants could be detected and no genotypic variation among Saudi animal 

isolates of E. granulosus on the basis of RAPD fingerprinting and RFLP-PCR. 

 

Keywords: 

Echinococcus granulosus, Genotype identification, ITS1-PCR, PCR-RFLP, RAPD-

PCR and Saudi Arabia.  
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INTRODUCTION 

Echinococcus granulosus, one of the smallest tapeworms of the Taeniidae 

family, causes a major public health and veterinary importance as its larval stage 

causes the life threatening cyclozoonotic disease cystic echinococcosis (CE), in 

different parts of the world (Eckert &  Deplazes, 2004). Many domestic and wild 

animals act as intermediate hosts harboring hydatid cysts in their liver, lungs and 

other internal organs. Human can serve as end-stage, accidental hosts, since the life 

cycle cannot be completed. The adult worms infect wild and domestic canids such as 

wolves (Canis lupus) and domestic dogs (WHO/OIE Manual, 2002). Many studies 

have indicated that hydatid cysts are commonly found in sheep, camels, cattle and 

goats in different countries as Iran and Indian (Arbabi  et al., 1998; Shareif, 2000; 

Ahmadi, 2005; Bhattacharya  et al., 2008; Rokni, 2009). 

 In Riyadh, Saudi Arabia hydatid cysts are commonly found in camels, sheep 

and goats. Ten different genotypes (G1–G10) have been described for E. granulosus 

based on analysis by mitochondrial and nuclear genetic markers (Bowles  et al., 

1992, 1994; Lavikainen et al., 2003; Saarma et al., 2009; Scott et al., 1997; 

Thompson, 2008). 

Saudi camel, goat, and sheep are considered important hosts in the life cycle of 

E. granulosus, such animals affect on the economic importance of the livestock and 

human health in Saudi Arabia. To the best of our knowledge, no previous studies 

have been done to compare the genotypes of E. granulosus isolates in the hosts 

aforesaid.  

Various genotypes show differences in morphology, life cycle pattern, 

transmission dynamics, development rates, host range, pathogenicity and sensitivity 

to chemotherapeutic agents (Thompson et al., 1995). These differences have 

important implications in epidemiology and control of hydatid disease.  Several 

molecular studies have identified the presence of two distinct genotypes including 

the common sheep strain (G1) and camel strain (G6) of E. granulosus (Sharbatkhori  

et al., 2010). However, there are some contradictions in the results. For instance, 

Harandi et al. (2002) could detect G6 genotype in different intermediate hosts 

including camels, sheep, cattle and humans whereas some surveys failed to detect the 

G6 genotype; others have found G6 only in camels.  

The aim of this study was to evaluate the genetic profile of camel, sheep and 

goat isolates of E. granulosus on the basis of RAPD-PCR and PCR-RFLP to identify 

ITS1 variant. Variations were investigated among different species of the 

intermediate hosts and between hosts of the same species.  
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MATERIALS AND METHODS 

Hydatid cysts were collected from liver of camel, sheep and goat during the 

period of October 2012- June 2013 from slaughter houses in Riyadh city, Saudi 

Arabia. The Study and all procedures were carried out in accordance with 

institutional guidelines for human and animal care and use. Only isolates with clean 

and transparent cyst fluid and the whitish germinal layer were chosen for molecular 

processes. Protoscolices were aspirated from fertile cysts and rinsed extensively in 

physiological saline, fixed in 70% ethanol and washed with sterile distilled water to 

remove the ethanol residuals. Finally, isolates were preserved at −20°C until use for 

DNA extraction (Table I). 

 

Table.I. Host and number of  Echinococcus cysts 

Samples of hydatid cysts collected from Riyadh KSA from hosts liver. 

Host Camel, Sheep and Goat 

Number of cysts found 

in each host   
 2 or 4 

4 final total 

Serial number species Number of samples kept in freezer at -80 ͦ C 

    

Tissues  hydatid cysts Germinal layer 

Eppendorf 
Centrifuge tubes 

Centrifuge tubes 
scolices Fluid 

1 camel 16 8 7 2 

2 sheep 22 19 10 1 

3 goat 8 3 3  1 

 

DNA extraction:  

The total genomic DNA from each cyst was extracted using Q-BIO gene kit, 

USA and its concentration was determined using Nanodrop and stored at -20°C till 

further use. 

Molecular Analysis: 
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Eighteen E. granulosus DNA samples, representative of different intermediate 

hosts (5 camels, 5 sheep and 5 goats) and 3 of infected liver tissue were examined by 

RAPD-PCR. Amplification was carried out in a total volume of 25 μl of 12.5 μl 

master mix of GoTaq® Green Master Mix (Promega, Cat # M712c), 10.5 μl RNAse 

free water, 1 μl DNA extraction, 1 μl primer (10pmole), RAPD-PCR reaction was 

run as follows 5 min at 95 °C followed by 45 cycles of 1 min at 94 °C,1 min at 35 °C 

and 1 min at 72 °C. Finally, an extension step of 10 min at 72 °C was carried out and 

cooling to 4°C. The amplified DNA products were separated by electrophoresis on 

2% agarose gel. The DNA bands stained by ethidium bromide (SIGMA, USA), 

finally, visualized under UV light (Sambrook and Russel, 2001) and digitally 

photographed. RAPD band patterns of all 18 samples were compared with each other 

for each primer. The data were analyzed and the similarity coefficients (S) between 

isolates were calculated according to Nei and Li (1979). 

Genomic DNA samples were examined for ITS1 gene by PCR using 2 primers, 

the forward was 5’-GTCGTAACAAGGTTTCCGTA-3’, and the reverse was 5’ -

CTAGATGCGTTCGAA(G/A)TGT CGATG-3’(Invirtogen, Germany). The PCR 

reaction was carried out as follow: 95 °C for 5 min, 35 cycle of 94 °C for 1 min, 

50°C for 1 min and 72 °C for 1 min, and finally an extension step at 72°C for 10 min.  

PCR-mediated RFLP was carried out according to Bowles and McManus, (1993). 

 The PCR products were separated by agarose gel electrophoresis (1.5% 

agarose) and stained with ethidium bromide. The amplicons were extracted from gel 

using clean Quick gel extraction kit (Qiagen, Cat. No.  28704). 10µl gel PCR 

purified products derived from E. granulosus were digested with 10 units restriction 

endonucleases MspI, Rsa1, AluI and HhaI for 4 h, using buffers recommended by the 

manufacturer (Promega, USA). Restriction fragments were separated by gel 

electrophoresis on 2 % agarose. 
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RESULTS 
 

In the present work we used RAPD-PCR and RFLP-PCR to characterize E. 

granulosus DNA isolated from cysts of camel, goat and sheep in Saudi Arabia. 

Twenty primers were used in the RAPD-PCR, in E. granulosus isolates. The RAPD-

patterns of all camel, sheep, goat isolates were identical. The ITS1-PCR and ITS1-

PCR-RFLP with BD1 and 4S primers yielded two amplification products. 

Echinococcus granulosus isolates were examined by PCR-RFLP analysis of 

the ITS1 region from 15 fertile cysts 5 from each of camel, sheep and goat which 

produced after digestion of the ITS1 fragments using four restriction endonucleases 

(MspI, RsaI, HhaI and AluI). The result of RFLP patterns of all camel, sheep and 

goat isolates were identical (Figs. 1-8). 

 

Fig.1. Ethidium bromide stained (2%) agarose gel showing amplicons of internal 

transcribed spacer gene 1 (ITS1) of Echinococcus granulosus after digestion with 

HhaI. first comb lanes 2,4,6&8 are undigested camel scolices and lanes1,3,5, &7are 

digested camel scolices. Second comb lanes 2,4,6,8&10 are undigested sheep 

scolices  and lanes1,3,5,7 &9 are digested sheep scolices.     
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Fig.2. Ethidium bromide stained (2%) agarose gel showing amplicons of internal 

transcribed spacer gene 1 (ITS1) of Echinococcus granulosus after digestion with 

HhaI. Lanes 2,4,6&8 are undigested goat scolices and lanes1,3,5 &7are digested goat 

scolices. 
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Fig.3. Ethidium bromide stained (2%) agarose gel showing amplicons of internal 

transcribed spacer gene 1 (ITS1) of Echinococcus granulosus after digestion with 

AluI. First comb lanes 2,4,6 & 8 are digested camel scolices and lanes1,3,5 &7 are 

undigested camel scolices. Second comb lanes 2,4,6,8&10 are digested sheep 

scolices and lanes 1,3,5,7 &9 are undigested sheep scolices. 
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Fig.4. Ethidium bromide stained (2%) agarose gel showing amplicons of internal 

transcribed spacer gene 1 (ITS1) of Echinococcus granulosus after digestion with 

AluI. Lanes 2,4 & 6 are digested goat scolices and lanes1,3,5, &7 are undigested goat 

scolices. 
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Fig.5. Ethidium bromide stained (2%) agarose gel showing amplicons of internal 

transcribed spacer gene 1 (ITS1) of Echinococcus granulosus after digestion with 

MspI. First comb lanes 2,4,6 & 8 are undigested camel scolices  and lanes1,3,5 &7  

are digested camel scolices. Second comb lanes 2,4,6,8&10 are undigested sheep 

scolices and lanes1,3,5,7 &9 are digested sheep scolices.     

 

         

  

Kb 
4 
3 
2 
1.5 
1 

0.5K
b 

4 

3 
2 

1.5 
1 

0.5 

1 2 3 4 5 6 7 9 8 10 

Kb 
4 
3 
2 

1.5 
1 

0.5 



64(2014) 9

MITTEILUNGEN KLOSTERNEUBURG

www.mitt-klosterneuburg.com

204 Sep 2014

 
 

Fig.6. Ethidium bromide stained (2%) agarose gel showing amplicons of internal 

transcribed spacer gene 1 (ITS1) of Echinococcus granulosus after digestion with 

MspI. Lanes 2,4,6 &8 are undigested goat scolices and lanes1,3,5 &7, are digested 

goat scolices. 
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Fig.7. Ethidium bromide stained (2%) agarosegel showing amplicons of internal 

transcribed spacer gene 1 (ITS1) of Echinococcus granulosus after digestion with 

RsaI. First comb lanes 2,4,6&8 are undigested camel scolices and lanes 1,3,5 &7 are 

digested camel scolices. Second comb lanes 2,4,6,8&10 are undigested sheep 

scolices and lanes 1,3,5,7 &9 are digested sheep scolices.     
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Fig.8. Ethidium bromide stained (2%) agarose gel showing amplicons of internal 

transcribed spacer gene 1 (ITS1) of Echinococcus granulosus after digestion with 

RsaI. Lanes 2,4,6 &8 are undigested goat scolices and lanes 1,3,5 &7 are digested 

goat scolices. 
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             DISCUSSION 

In Saudi Arabia, the camel, sheep and goat considered an important livestock 

which play a role in the income and the main source of milk and meat. Saudi camel, 

sheep and goat isolate of E. granulosus has been characterized earlier. 

It has been reported that there are differences in some studied genes among 

several species, one of them the genotype variation in E. granulosus (Shahnazi  et al., 

2011). There are studies reported the existence of different strains from different 

animals and others gave identical patterns which may influence on a lot of factors 

which control the life cycle patterns, host specificity, development rate, antigenicity, 

transmission dynamics, sensitivity to chemotherapeutic agents and pathology of such 

organism. Since several years extensive literature on the application of molecular 

biological methods has been published in order to discriminate Echinococcus 

strains/species (McManus, 2006; Craig  et al., 2007; Utuk  et al., 2008). 

The present work is considered the first study about the RAPD analysis 

amplification profiles obtained from twenty primers to compare the genotype of 

DNA isolates from E. granulosus extracted from camel, sheep and goat in Saudi 

Arabia. 

 The RAPD-patterns of all camel, sheep, goat isolates were identical; the result 

may be affected by several factors like the quality of extracted DNA and the program 

plan of the PCR (Siles-Lucas et al., 1993; Rinder et al., 1997). For this reason the 

result of RAPD analysis should be confirmed by one or more other DNA techniques. 

So, PCR-RFLP analysis is used to give more information about identification and 

variability of E. granulosus (McManus, 2002). Our work showed that the result of 

RFLP patterns of all camel, sheep and goat isolates were also identical. 

Several studies have been published about the molecular characterization of E. 

granulosus isolated from different places in the world; the majority of it used PCR-

RFLP analysis, e.g. from Mexico (Maravilla et al., 2004; Villalobos  et al., 2007), 

Sardinia (Varcasia  et al., 2006), Iran (Harandi  et al., 2002; Ahmadi and Dalimi, 

2006; Shahnazi  et al., 2011; Khademvatan et al., 2013), Turkey (Utuk  et al., 2008), 

India (Bhattacharya  et al., 2008), Tunisia (M’rad  et al., 2005), Argentina (Rosenzvit  

et al., 1999), Australia (Gasser and Chilton, 1995) and Slovakia (Sna´bel  et al., 

2000). Our result agreed with Bowles and McManus (1993) who reported the 

existence of different strains of E. granulosus in sheep, camel, horse, cattle and pig. 

All “sheep strain” (G1) isolates examined gave identical RFLP patterns and 

disagreed with other studies which reported that there are a variation in the genotype 

in  different isolates form different hosts. Sheep and human isolates belonged to 

same genotype while camel isolates belonged to a different genotype (Ahmadi and 

Dalimi, 2006). To the best of our knowledge, there is no reports on the strain 

characteristics of E. granulosus in Saudi Arabia have been published. In this study, 

the results of RAPD were further tested by ITS1-RFLP for the characterization of E. 

granulosus samples taken from cysts infesting camel, sheep and goat inhabiting 

Saudi Arabia. As such, no ITS-1 variant could be detected by Rsa1, HhaI, MspI, 

AluI. The result is indicative of absence of ITS-1 variant which could not be 

discriminated by using these four restriction enzymes.  
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The echinococcosis still remains a major public health problem in Saudi Arabia 

and the hygiene practices and stricter control of animal slaughter one of the most 

important factors which play a great role in this problem. The present study is the 

first comprehensive genotypic analysis of E. granulosus infecting camel, sheep and 

goat intermediate hosts by using RAPD and PCR-RFLP analysis in Saudi Arabia.  
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