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This research includes a study of hydatid cysts Echinococcus granulosus (larval stage on the 
molecular level, where 7 samples of hydatid cysts were collected from parasite intermediate hosts " 
Human (liver, spleen, lung) and liver of sheep, goat, cattle and buffaloes”. DNA was extracted from 
germinal layer cells of hydatid cysts which were isolated shortly or preserved for various periods in 
70% ethanol. Genetic analysis of isolated DNA from hydatid cysts collected from human and animals 
was done by polymerase chain reaction (PCR) to determine genetic variation depending on random 
amplified polymorphic DNA. In the present study 10 primers have been used, during which the genetic 
variations were revealed among isolated (extracted DNA) of hydatid cysts which was collected from 
human and other intermediate hosts except Cows and Buffaloes. The current results of this study have 
shown the following: 1 - It was found one primer (OPA – 01) was able to diagnose sample numbered 1 
which represent the isolated DNA of liver hydatid cyst which was obtained from human at age group 10  
– 20 years old. 2 - The ability of primer OPC – 10 to determine fingerprinting of DNA sample of Sheep 
liver hydatid cyst. 3 - The ability of primer OPC – 05 to determine fingerprinting of DNA sample of 
human spleen hydatid cyst which was obtained from human at age group 30 – 40 years old. 4 - The 
ability of primer OPE – 07 to determine fingerprinting of DNA sample of goat liver hydatid cyst. 5 – 
Amplification process to the DNA samples which extracted from cows and buffaloes liver hydatid cysts 
was not completed by using all 10 primers. 
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INTRODUCTION 

 
Echinococcosis (Hydatidosis) is a cosmopolitan, hyper 
endemic zoonotic disease caused by infection with (larval 
stage) of Echinococcus granulosus. Its one of the most 
important parasitic diseases in under developed countries 
especially rural communities, where man in close contact 
with the dogs (definitive hosts) and various domestic 
animals which acts as intermediate hosts (Nepalia et al., 
2006). Hydatid cyst consider as major public health 
problem that can cause severe morbidity in human, as a 
result economic losses occur for individual, family and 
society, hydatidosis infects wide range of livestock which 
lead to further economic losses (Taherkhani and Rogan,  
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2000). Hydatidosis is diagnosed by different ways as X-
ray, CT scan, other immunological and serological tests 
including modern technique polymerase chain reaction 
(PCR) which have high sensitivity and specificity in 
detection of hydatidosis infection added to that used in 
genotyping of E. granulosus to facilitate treatment and 
vaccination. Also, by using PCR purification soluble 
protein of whole parasite body that’s give 100% 
protection (Leder and Weller, 2003). By using PCR 
diagnostic antigen (EgP-29) cloned from E. granulosus 
and expressed in Escherichia coli encode protein give 
protection 96.6% to prevent secondary hydatidosis 
against different geographical isolates (Bartleltt, 2003). 

Mitochondrial cytochrome oxidase sub unit 1(CO 1) and 
NADH dehydrogenase by using PCR determine the 
strains of E. granulosus (G1-G10) and sub strains also to 



 
 
 

 

facilitate controlling (Stefaniak, 1997). Other applications 
for PCR in the world ensure the environmental source in 
CE transmission by examination of soil samples through 
using specific primer for sheep strain (G1) and this 
positive result explain why children suffering from CE 
without contact with risk factors and why epidemiologic 
studies that have failed to detect an association with dog 
ownership or contact as a risk factor for developing CE 
(Dowling and Torgersson, 2000), in this study using of 
PCR to determine the genetic variations between 
samples taken from different intermediate hosts (Human, 
Sheep, Cow and Buffaloes) and known the fingerprinting 
to each sample by using different random primers. 
 

 
MATERIALS AND METHODS 
 
Patients and samplling 
 
This study was conducted in four general teaching hospitals in 
Baghdad governorate: Baghdad teaching hospital, Al- Shaheed 
Adnan teaching hospital, Liver and Digestive disease teaching 
hospital and Ibn –Al - Nafees teaching hospital, from January, 2009 
to February, 2010, the cysts were in the liver, lung, ovary and 
spleen. And the samples of hydatid cysts from animal origin getting 
from slaughterhouses. In the period of this study, 30 cases of space 
occupying lesions have been enrolled. Among these cases, 14 
patients were found suffering from liver hydatidosis, 7 patients with 
lung hydatidosis, 6 female with ovarian hydatidosis and other in 
different organs. The diagnosis of patients was confirmed by 
serological tests including indirect hemagglutination test and 
radiological tests such as plain radiography (X-ray), computed 
tomography (C.T. scan), ultrasound and magnetic resonance 
imaging (MRI). 

 

Materials used in this study as followed 
 
Go Taq Green master , 2x ((pH 8.5) promega Co.Nuclease free 
water promega Co. 100 (bp) DNA ladder promega Co.Blue orange 
6x loading dye promega Co.DNA extraction solution which consist 
of 100 µl of Tris – HCL, 10 ml of EDTA and 0.5 ml Tween 20 then 
complete the volume to 100 ml by adding 89.400 of D.w. All these 
solutions sterilized by autoclave and kept in cooling state to be used 
(Al-Ghezi, 2008). Random primers and their sequences (Table 1) 
used in this study provided by Alpha DNA Co. 

 

Isolation of germinal layer of hydatid cysts 
 
Germinal layer of hydatid cyst from human will be taken after 
surgical operation, from different animals after slaughtering. Both of 
them taken to laboratory by clean containers, sterilizing of outer 
surface by 70% ethanol then discarding of hydatid fluid, germinal 
layer would be taken and kept in ethanol 70% for different periods. 

 
DNA extraction 
 
By adding 250 µl of sample (Thawed germinal layer by ultra sound 
sonicator high speed / 10 min (Welch et al., 1990) in specific 
Eppendrof tubes (1.5 ml) containing 1000 µl of PBS after that 
centrifugation at 12000 rpm /10 min the supernatant was taking 
away and the sediment was remaining, it was repeated three times. 
*Added to the remaining sediment 500 µl from extraction solution 
and 6 µl of Proteinase – K. *Incubate all tubes in water path (37°C) 

 
 

 
 

 
until the next day. *After that, inhibit the action of Proteinase - K by 

rising the degree of water path to 100°C (boiling degree ) for 5 min 
then kept the samples in freezing by adding 50 µl of (TE) buffer until 

it will be used in PCR reaction (Vicidomini, 2007). 

 

Gel electrophoresis of DNA 
 
*Preparation of Agarose gel at concentration 1% by dissolving 0.5 g 
of Agarose in 50 ml TBE buffer (1x) then heating. *Add Ethidium 
bromide stain solution 1 µl /50 ml Agarose. *The heated Agarose 
solution was poured into the gel tray and allowed to cool at room 
temperature for 30 min. *The comb was carefully removed from 
Agarose and mixed extracted DNA with bromo phenol blue in the 
ratio of 3:1 loaded in the wells of the Agarose gel. *The tray placed 
into electrophoresis chamber, the chamber was filled with 
electrophoresis buffer TBE (1x) until cover the surface of the gel.* 
Add Ethidium bromide stain solution 1 µl to the electrophoresis 
chamber. *Electrical current was connected into the electrophoresis 
chamber, cathode was connected to the side of samples, at voltage 
(65 V) for 45 min. *Finally transport of gel into ultraviolet (UV) 
Trans-illminator. *Either 50 µl of TE buffer added to crude DNA to 
kept in freezing for long periods or used directly in PCR technique 
as following procedure: *PCR kit (Green master mix, Primers, 
Nuclease free water, extracted DNA) and these constituents put in 
ice container:- *A new PCR tubes (0.5 ml) were labeled with 
number of sample for amplification reaction (located in ice). *To 
avoid contamination, all solutions should be taken with separate 
clean tips under a septic condition. *Added 5 µl of DNA sample to 
PCR tube, 2 µl of primer then 12.5 µl of Green master mix and 5.5 
µl of nuclease free water to complete the volume to 25 µl. *All tubes 
were closed, the mixture was spin for 5 s by light vortex, the PCR 
tubes were transferred to preheated thermocycler. 

 

PCR program 
 
3 major steps in PCR, (30 - 35) cycles each comprising this is done 
on automated Thermocycler. 
(1) Denaturation at 94°C (60 s): The double strand helix melts to 
become single stranded DNA. 
(2) Annealing at 45 - 65°C for (60 s): Binding of primers to DNA 
strand, this temperature depend on type, length and G-C content of 
primer.  
(3) Extension at 72°C for (60 s): Taq DNA polymerase synthesize a 
new DNA strand complimentary to the DNA template by adding 
dNTPs in the 5 3 direction, temperature differ according to DNA 
length (Weigand et al. , 1993) Table 2. 
After that Gel electrophoresis is made to all PCR tubes as in case 
of DNA extraction except 1 g (instead of 0.5 mg) of Agarose 
dissolve in 50 ml of TBE (1x) and apply all above steps in Gel 
electrophoresis of extracted DNA after that observe the results by 
UV light. 

 

 

RESULTS AND DISCUSSION 
 
Results obtained from random amplified polymorphic 

DNA (RAPD) 
 
The samples used in (RAPD) are DNA isolated from 

germinal layer of hydatid cysts of human at three different 
age groups also from Sheep, Goats, Cattle and Buffaloes 
tested by (10) ten primers provided by Operon 
technologies Co. which are: OPA – 01, OPA – 0 , OPA – 
03, OPA – 13, OPC – 05 OPC – 10, OPC – 12, OPB – 



 
 
 

 
Table 1. Random primers and their sequences.  

 
 Primer no. Primer sequence  

 OPA – 01 3 CAGGCCCTTC 5  

 OPA – 02 3 TGCCGAGCTG 5  

 OPA – 03 3 AGTCAGCCAC 5  

 OPA – 13 3 CAGCACCCAC 5  

 OPB – 12 3 CCTTGACGCA 5  

 OPE – 07 3 AGATGCAGCC 5  

 OPD – 20 3 ACCCGGTCAC 5  

 OPC – 05 3 GATGACCGCC 5  

 OPC – 10 3 TGTCTGGGTG 5  

 OPC – 12 3 TGTCATCCCC 5  

 

 
Table 2. Explain steps of PCR technique (Yang, 2005).  

 
 Steps Temperature (°C) Time No. of cycles 

 Initial denaturation 95 5 min 1 

 Denaturation 94 30 s  

 Annealing 55 45 s 30 

 Extension 72 1 min  

 Final extension 72 5 min 1 
 

 

12, OPE – 07 and OPD – 20 . 
The optimum conditions in this experiment corresponding 
to other previous tests (Williams et al., 1990; Al-Rubaie, 
2005; Bart et al., 2006). E. granulosus exists as a series 
of genetic variants or strains which differ in a wide variety 
of criteria that impact on the epidemiology, transmission, 
pathology and vaccination to control of cystic hydatid 
disease in intermediate hosts. Also, possibility to get the 
fingerprinting to these samples.  

Results obtained from using of these primers in (RAPD) 
reactions led to that those primers differ in production of 
amplified bands which differ in number and its molecular 
weights resulted from differences in complementary loci 
on the genome of each sample and this reflex the genetic 
variance between these samples and this finding is well 
documented by (Bart et al., 2006; Busi et al., 2007). 
 

 

Analysis the results of RAPD 

 

Depending on the results obtained from newly studies in 
numerate and expression of amplified bands to determine 
the genetic varieties on the Agarose gel to obtained 
samples and known the fingerprinting between them 
(Carmena et al., 2008; Andresiuk, 2009). Fingerprinting 
depending on scientific researches in studied genome 
represented either by presence of specific band in one 
sample and does not found in others or presence of 
unique pattern of bands in one sample differ from others 
(Dengri et al., 2002). Both of genetic variance and 
fingerprinting depend on presence of amplification or not 

 
 

and molecular weight of bands which depend on the 
number of complementary loci to primer’s sequences on 
the template DNA (Dopchiz, 2009). In this study three 
human samples from liver cysts at age groups (10 - 20, 
20 - 30 and 30 - 40 years old); Sheep; Goat; Cattle and 
Buffaloes liver hydatid cysts which have numbers 1, 2, 3, 
4, 5, 6 and 7 respectively Figure 1, the results as follow: 
 

1 - OPA – 01: Many amplified bands differ in molecular 
weights (m.w) 200 – 1050 bp, 3 bands in sample 1; 1 
band in sample 2 ; 4 bands in sample 4 and 3 bands in 
sample 5, from other hand disappearance of amplified 
bands in case of samples 3 , 6 , 7 (Figure 3).  
2 – OPA – 02: Two amplified bands in sample 1 ; 1 band 
in sample 2; 4 bands in samples 4 , 5 with m.w 100 - 800 
bp also disappearance of amplified bands in case of 
samples 3 , 6 , 7 (Figure 5).  
3 - OPA – 03: There are two amplified bands with m.w 
300 - 400 bp appear in samples 1, 2, 4 and absence of 
bands in samples 3, 5, 6, 7 (Figure 6).  
4 - OPA – 13: There is one amplified band with m.w 600 
bp appear in samples 1, 2, 4, and 5. Absence of bands in 
samples 3, 6, 7 (Figure 4).  
5 - OPB – 12: There is one amplified band with m.w 300 - 
400 bp appear in samples 1, 2, band with m.w 900 bp in 
samples 1, 4, 5. Absence of bands in samples 3, 6, 7 
(Figure 4).  
6 - OPC – 05 : There is one amplified band with m.w 300 

bp appear in samples 1, 2, 3, 4 , 5 , band with m.w 900 - 

1000 bp in 2, 4, 5. Absence of bands in samples 6, 7 

(Figure 2). 
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Figure 1. Explain electrophoresis to the end products of 
DNA extraction to the following samples: (1) Human liver 
hydatid cyst at age group (10-20) years old, (2) Human 
Lung hydatid cyst at age group (20-30) years old, (3) 
Human spleen hydatid cyst at age group (30-40) years 
old, (4) Sheep liver hydatid cyst, (5) Goat liver hydatid 
cyst, (6) Cow liver hydatid cyst, (7) Buffaloes liver hydatid 
cyst, L: Ladder. 

 
 

 

  OPC – 05      OPE – 07  

L 1 2 3 4 5 6 7 1 2 3 4 5 6 7  

  
             

   OPA – 01     OPC – 10   

L 1 2 3 4 5 6 7 1 2 3 4 5 6 7  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 3. Explain electrophorosis to the PCR end products by 
using OPA – 01 and OPC – 10: (1) Human liver hydatid cyst at 
age group (10-20)years old, (2) Human lung hydatid cyst at 
age group (20-30)years old, (3) Human spleen hydatid cyst age 
group (30-40)years old, (4) Sheep liver hydatid cyst, (5) Goat 
liver hydatid cyst, (6) Cow liver hydatid cyst, (7) Buffaloes liver 
hydatid cyst, L : Ladder. 
 
 

 
   OPA – 13      OPB – 12   

L 1 2 3 4 5 6 7 1 2 3 4 5 6 7  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 2. Explain Electrophorosis to the PCR end products by 
using OPE – 07 and OPC – 05: (1) Human liver hydatid cyst at 
age group (10-20) years old, (2) Human lung hydatid cyst at age 
group (20-30) years old, (3) Human spleen hydatid cyst at age 
group (30-40) years old, (4) Sheep liver hydatid cys, (5) Goat 
liver hydatid cyst, (6) Cow liver hydatid cyst, (7) Buffaloes liver 
hydatid cyst, L: Ladder. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 4. Explain electrophorosis to the PCR end products by 
using OPA – 13 and OPB – 12: (1) Human liver hydatid cyst at 
age group (10-20)years old, (2) Human lung hydatid cyst at age 
group (20-30)years old, (3) Human spleen hydatid cyst at age 
group (30-40)years old, (4) Sheep liver hydatid cyst, (5) Goat liver 
hydatid cyst, (6) Cow liver hydatid cyst, (7) Buffaloes liver hydatid 
cyst, L : Ladder. 



         

   OPA – 02      OPC – 12    
L 1 2 3 4 5 6 7 1 2 3 4 5 6 7  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 5. Explain electrophorosis to the PCR end products by 
using OPA – 02 and OPC – 12: (1) Human liver hydatid cyst at 
age group (10-20) years old, (2) Human lung hydatid cyst at 
age group (20-30) years old, (3) Human spleen hydatid cyst at 
age group (30-40) years old, (4) Sheep liver hydatid cyst, (5) 
Goat liver hydatid cyst, (6) Cow liver hydatid cyst, (7) Buffaloes 
liver hydatid cyst, L : Ladder. 

 

 
  OPA – 03      OPD – 20     

L 1 2 3 4 5 6 7 1 2 3 4 5 6 7  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 6. Explain electrophorosis to the PCR end products by 
using OPA– 03 and OPD – 20: (1) Human liver hydatid cyst at 
age group (10-20) years old, (2) Human lung hydatid cyst at age 
group (20-30) years old, (3) Human spleen hydatid cyst at age 
group (30-40) years old, (4) Sheep liver hydatid cyst, (5) Goat 
liver hydatid cyst, (6) Cow liver hydatid cyst, (7) Buffaloes liver 
hydatid cyst, L: Ladder. 

 
 
 
 

 

7 - OPC – 10: Absence of amplified bands in samples 1, 
2, 3, 6, and 7. Band with m.w 500 bp in samples 4 and 5, 
other amplified band with m.w 1000 bp in sample 4. 
Absence of bands in samples 6, 7 (Figure 3).  
8 - OPC – 12: One amplified band with m.w 400 bp in 
samples 1, 2, 4. Absence of amplified bands in samples 
3, 5, 6, 7 (Figure 5).  
9 - OPE – 07: One amplified band with m.w 200 - 300 bp 
in samples 1, 2, 4, 5, band with m.w 500 bp in samples 4, 
5, band with m.w 900 - 1000 bp in sample 5. Absence of 
amplified bands in samples 3, 6, 7 (Figure 2).  
10 - OPD – 20: Amplified band with m.w 500 bp in 
samples 1, 2, 4, 5 band with m.w 300 bp in samples 4, 5, 

band with m.w 1000 bp in samples 4, 5. Absence of 

amplified bands in samples 3, 6, 7 (Figure 6). 
 

 

DISCUSSION 
 
By using ten primers (OPA-01, OPA-02, OPA-03, OPA-
13, OPC-05, OPC-10, OPC -12, OPB-12, OPE-07, OPD-
20), the recently results explain wide variety in genetic 
material (DNA) of tested hydatid cysts samples seen as a 
different number of amplified bands or fluorescence 
intensity of band (the last one not considerable due to un 
exacted conditions) and their molecular weights. So, the 
(RAPD) can be applied to differentiate between these 
samples. The differences between the numbers of 
amplified bands may be due to difference in loci to which 
the primers were bind or number of loci on same genome 
may be as a result of mutation included in genetic 
material as deletion, insertion, replacement or inversion 
of one or more nucleotides of hydatid cyst DNA 
nucleotide sequences (Lahmar et al., 2007). Difference in 
molecular weight which appears through using of these 
primers this may reflex the differences in the distance 
between loci on the template DNA of hydatid cysts in 
different samples with which primer’s complimentary 
nucleotide sequences is binding (Rinaldi et al., 2008), 
also by using this technique (PCR), we determine the 
fingerprinting to certain samples as in case of using 
primer (OPA-01) the amplified band with m.w 400 bp was 
found in sample 1 only which is represent human liver 
hydatid cyst at age group 10 – 20 years old and not found 
in other samples known as marker band so it is consider 
as fingerprinting and can be used to detect this sample by 
using this primer and this result also reported by 
(Lavikainen et al., 2003). 

Also, amplified band with m.w 1000 - 1050 bp in case 
of sheep liver hydatid cyst does not find in other samples 
so that consider as fingerprinting to facilitate detection of 
sheep hydatid cyst by using this primer and this result 
does not agree with Mrad et al. (2005) . In case of using 
primer (OPC – 10) marker band with m.w 1000 bp in case 
of sheep sample and do not appear in other samples so it 
is consider as fingerprinting to detect sheep liver hydatid 
cyst by using this primer also reported by Kamenetzky et 
al. (2002). Also, by using primer (OPE - 7) 



 
 
 

 

amplified band with m.w 900 – 1000 bp appear in case of 
goat liver hydatid cyst only as marker band can consider 
as fingerprinting specified to this sample also reported by 
Saarma et al. (2009). Added to that by using primer (OPC  
– 05) amplified band with m.w 400 bp appear as marker 
band which consider fingerprinting to detect spleen 
hydatid cyst of human, from previous results we can see 
sample number 3 which represent DNA of human spleen 
hydatid cyst give positive result only by using primer 
(OPC – 05) and do not amplify by using other primers 
that may give a suggestion that the hydatid cyst strain 
which effect spleen differ from other strains which 
effected liver and lung in human and this finding is 
reported for the first time. While we see many similarities 
in the molecular weights to the amplified bands in 
samples of (1) liver and (2) lung in human that may 
explain the relationship between the effected strains of 
hydatid cyst as reported by (Spicher et al., 2008).  

In this study we observed the uncompleted amplifi-
cation process to the DNA of cattle and buffaloes hydatid 
cysts samples and did not see the amplified bands 
through using different tenth primers due to incompati-
bility between primers and DNA nucleotides sequences, 
this may be due to differences in E. granulosus strains in 
this study compared with other previous studies in 
different our country regions as evidenced by many 
researchers as Al-Rubaei, (2005); Al-Qadhi, (2005) in 
study on cattle and sheep in south, middle, east, and 
north of Iraq by using different primers and the results 
obtained ensure the differences in genetic material of 
hydatid cysts strains even in same species of 
intermediate hosts. This may be due to differences in 
strains and sub strains of adult stage (E. granulosus) may 
be according to geographical distribution of E. granulosus 
isolates, passage infections from other countries or 
because of occurring of the infection by the final hosts 
(chiefly stray dogs) which infected with more than one 
strain and sub strains of E. granulosus may be due to 
getting different food sources (imported freezing meat 
and viscera as liver) from different world regions in case 
of infected meat or liver with unobserved hydatid cysts 
(undiagnosed by veterinarian) and this phenomenon 
widely spread in Arab-Gulf countries (Saul et al., 2008). 
Also these genetic variances may be due to genetic 
variation in same hydatid cyst with daughter cysts or its 
Protoscolieces which may be resulted from mutation by 
physical agents as X- rays, chemical agents as different 
anthelminthic drugs or any other mutagenic agents lead 
to alteration in genetic material to the offspring (Dopchiz, 
2006).  

In this study differences in the number of amplified 
bands through using primers, such as in case of OPA – 
01 primer there are 1–5 bands, led to a conclusion that 
do not found any relationship between primer content of 
G C and this result is in agreement with Ahmed, (1999) 
who explain that there is no any relationship with primer content 

of G C and disagree with Christofi et al. (2002) who explain the 
efficiency of primer in RAPD increase 

 
 

 
 

 

with increasing of G C ratio due to presence of 3 
hydrogen bonds compared with 2 hydrogen bonds 
between A=T therefore, the binding become more 
strength between the primer and complementary loci in 
template DNA and when the number of amplified bands 
depend on the number of binding loci this lead to 
increasing in amplified bands. And unobserved 
relationship between G C content and the primer’s 
efficiency in this study may be due to the tough binding of 
primer do not lead to increase in the number of binding 
loci which are constant in certain species.  

Number of these primers as OPA–02, OPA–03, OPA– 
13, OPB–12, OPC–05, OPC–12 could not recognize or 
detect the fingerprinting of studied samples of DNA and 
this result disagree with Torgerson et al. (2002) who 
ensure presence of genetic variances between species 
and sub species of hydatid cysts by using more advanced 
technique, but there are different number of amplified 
bands having the same molecular weight among some of 
studied samples can be used to resist unfavorable 
environmental conditions and presence of these bands 
make to us the RAPD more suitable from other 
techniques to study other genetic relationships which is 
based on the presence of these bands and this result is in 
agreement with Leder and Weller (2003). 
 

 
REFERENCES 
 
Ahmed F (1999). Random amplified polymorphic DNA (DNA) analysis 

reveals genetic relationships among the annual Cicer species. Theor. 
Appl. Genet., 98: 657-663. 

Al-Ghezi ZS (2008). Epidemiology and diagnosis of hydatid disease in 
human and ruminant animals in Thi-Qar governorate. M.Sc. Thesis 
Thi-Qar University. 

Al-Qadhi BN (2005). Study of some immunological and biochemical 
aspects of patients infected with hydatidosis. Ph.D. Thesis. College of 
Science, University of Baghdad. 

Al-Rubaie SSM (2005). Genetic and morphological study of 
protoscolices of E. granulosus from human, sheep and human. Ph.D 
Thesis. College of Science, University of Baghdad. 

Andresiuk MV (2009). Determinación de cepas de Echinococcus 
granulosus y su importancia en la epidemiología de la hidatidosis-
echinococcosis en el sudeste de la provincia de Buenos Aires. Tesis 
Doctoral, Universidad Nacional de Mar del Plata, Buenos Aires, 
Argentina. 

Bart JM, Abdukader M, Zhang YL, Lin RY, Wang YH, Nakao M (2006).  
Genotyping of human cystic echinococcosis in Xinjiang, PR China. 
Parasitol., 133: 571-579. 

Bart JM, Morariu S, Knapp J, Ilie MS, Pitulescu M, Anghel A (2006).  
Genetic typing of Echinococcus granulosus in Romania. Parasitol. 
Res., 98: 130-137. 

Bartlett S, Stirling D (2003). A short history of the Polymerase Chain 
Reaction . Methods Mol. Biol., 226: 3-6. 

Busi M, Snabel V, Varcasia A, Garippa G, Perrone V, DeLiberato C 
(2007). Genetic variation within and between G1 and G3 genotypes 
of Echinococcus granulosus in Italy revealed by multilocus DNA 
sequencing. Vet. Parasitol., 150: 75-83.  

Carmena D, Sánchez-Serrano LP, Barbero-Martýínez I (2008). 
Echinococcus granulosus Infection in Spain. Zoonoses Public Health, 
55: 156-165. 

Christofi G, Deplazes P, Christofi N, Tanner I, Economides P, Eckert J 
(2002). Screening of dogs for Echinococcus granulosus coproantigen 
in a low endemic situation in Cyprus. Vet. Parasitol., 104: 299-306. 

Dengri GM, Elissondo MC, Dopchiz MC (2002). Situación de la 



 
 
 

 
hidatidosis -echinococcosis en la República Argentina. Mar del Plata, 

Buenos Aires, Argentina, Editorial Martín. 
Dopchiz MC (2006). Aspectos epidemiológicos de la hidatidosis / 

echinococcosis en el sudeste de la provincia de Buenos Aires. Mar 
del Plata, Buenos Aires, Argentina, Editorial Martin. 

Dopchiz MC, Elissondo MC, Andresiuk MV, Maiorini E, Gutiérrez AM, 
Muzulin PM (2009). Pediatric hydatidosis in the south-east of the 
Buenos Aires province, Argentina. Rev. Argent. Microbiol., 41: 105-
111 .  

Dowling PM, Torgerson PR (2000). A cross-sectional survey to analyse 
the risk factors associated with human cystic echinococcosis in an 
endemic area of mid-Wales. 
http://www.ajtmh.org/cgi/external_ref?access_num=10884868&link_t 
ype=MED. Ann. Trop. Med. Parasitol., 94: 241-245. 

Kamenetzky L, Gutiérrez AM, Canova SG, Haag KL, Guarnera EA, 
Parra A (2002). Several strains of Echinococcus granulosus infect 
livestock and humans in Argentina. Infect. Genet. Evol., 2: 129-136. 

Lahmar S, Chéhida FB, Pétavy AF, Hammou A, Lahmar J, Ghannay A 
(2007). Ultrasonographic screening for cystic echinococcosis in 
sheep in Tunisia. Vet. Parasitol.,143: 42-49 . 

Lavikainen A, Lehtinen MJ, Meri T, Hirvela-Koski V, Meri S (2003). 
Molecular genetic characterization of the Fennoscandian cervid 
strain, a new genotypic group (G10) of Echinococcus granulosus. 
Parasitology, 127: 207-215.  

Leder K, Weller PF (2003). Clinical manifestation and diagnosis of cystic 
and alveolar echinococcosis. www.uptodate.com .  

Mrad S, Filisetti D, Oudni M, Mekki M, Belguith M, Nouri A (2005). 
Molecular evidence of ovine (G1) and camel (G6) strains of 
Echinococcus granulosus in Tunisia and putative role of cattle in 
human contamination. Vet. Parasitol., 129: 267-272.  

Nepalia S, Joshi A, Shende A, Sharma SS (2006). Management of 
Echinococcosis . Department of Gastroenterology , SMS Medical 
College and Hospital , Jai Pur . JAPI. p. 54. 

Rinaldi L, Maurelli MP, Capuano F, Perugini AG, Veneziano V, Cringoli 

S (2008). Molecular update on cystic echinococcosis in cattle and 
water buffaloes of southern Italy. Zoonoses Public Health, 55: 119-
123. 

 
 
 
 

 
Saarma U, Jõgisalu I, Moks E, Varcasia A, Lavikainen A, Oksanen A 

(2009). A novel phylogeny for the genus Echinococcus based on 
nuclear data challenges relationships based on mitochondrial 
evidence. Parasitology, 21: 1-12.  

Saul J, Santivanez AM, Gutierrez MC, Mara C, Hector HG (2008). 
Human hydatid disease in Peru is basically restricted to E. 
granulosus genotype G1. Am. J. Trop. Med. Hyg., 79(1): 89-92.  

Spicher M, Roethlisberger C, Lany C, Stadelmann B, Keiser J, Ortega-
Mora LM, Gottstein B, Hemphill A (2008). In vitro and in vivo 
Treatments of Echinococcus Protoscoleces and Metacestodes with 
Artemisinin and Artemisinin Derivatives. Antimicrob. Agents 
Chemother., 52: 3447-3450.  

Stefaniak J (1997). Fine needle aspiration biopsy in the differential 
diagnosis of the Liver Cyst Echinococcosis . Acta. Tropica, 67: 107-
111. 

Taherkhani H, Rogan MT (2000). General characterization of laminated 
layer of Echinococcus granulosus. (cited by Al- Saad , 2007). Iran. J. 
Med. Sci., 25(3, 4): 95-104. 

Torgerson PR, Shaikenov BS, Baitursinov KK, Abdybekova AM (2002).  
The emerging epidemic of echinococcosis in Kazakhstan. Trans. R. 
Soc. Trop. Med. Hyg., 96: 124-128. 

Vicidomini S, Cancrini G, Gabrielli S, Bartoloni A (2007). Muscular cystic 
hydatidosis : case report. B.M.C.  

Weigand F, Baum M, Udupa S (1993). DNA molecular markers 
techniques: Technical manual. No. 20. Int. Cent. Agric. Res. Dry 
Areas, Aleppo. 

Welch J, McClelland M (1990). Fingerprinting genomes using PCR with 
arbitrary primers . Nucl. Acids. Res., 18: 7213-7218. 

Williams JGK, Kublik AR, Livak KJ, Rafalski JA, Tingey SV (1990). DNA 

polymorphism amplified by arbitrary primers and useful as genetic 

markers. Nucl. Acid. Res., 18: 6531-6535. 


