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ABSTRACT 

This study has been carried out to determine the genotypes of Echinococcus granulosus cysts in cattle, buffaloes, 
sheep and goats raised in Afyonkarahisar region. Cysts were collected from the internal organs of 258 animals, 
including 65 goats, 71 sheep, 119 cattle and 3 buffaloes infected with hydatid cysts. DNA was isolated from a 
total of 78 cysts from germinal membranes and protoscoleces extracted from cysts to identify the genotypes of E. 
granulosus in infected animals. PCR-RFLP was carried out using the Hin6I and StuI restriction enzymes in the 
ND1 gene and no polymorphism could be determined in all isolates. In the COX1 gene analysis, G1 strain 
known as domestic sheep strains and 18 different haplotypes were found in all isolates from cattle, buffaloes, 
sheep and goats. As a result, it was concluded that all isolates of the cattle, buffaloes, sheep and goats grown in 
Afyonkarahisar region determined in the analyses carried on the COX1 gene were G1 strain.  
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Afyonkarahisar’da Sığır, Manda, Koyun ve Keçilerde Bulunan Echinococcus granulosus İzolatlarının 

Moleküler Karakterizasyonu  
 

ÖZ 
Bu çalışma, Afyonkarahisar yöresinde yetiştirilen sığır, manda, koyun ve keçilerde bulunan Echinococcus granulosus 
kistlerinin genotiplerinin belirlenmesi amacıyla yapılmıştır. Araştırmada, hidatik kistle enfekte 65 keçi, 71 koyun, 
119 sığır ve 3 manda olmak üzere toplam 258 hayvanın iç organlarından kistler toplanmıştır. Enfekte 
hayvanlardaki E. granulosus genotiplerini belirlemek amacıyla kistlerden çıkarılan germinal membran ve 
protoskolekslerden toplam 78 kistten DNA izole edilmiştir. ND1 gen bölgesi Hin6I ve StuI restriksiyon enzimleri 
kullanılarak PCR-RFLP yapılmış ve tüm izolatlarda polimorfizm belirlenememiştir. COX1 gen bölgesi analizinde 
sığır, manda, koyun ve keçilerden elde edilen izolatların tümünde evcil koyun suşu olarak bilinen G1 suşu ve 18 
farklı haplotip bulunmuştur. Sonuç olarak, Afyonkarahisar yöresinde yetiştirilen sığır, manda, koyun ve keçilerde 
bulunan izolatların COX1 geninde yapılan genetik analizler sonucunda tüm izolatların G1 suşu olduğu kanısına 
varılmıştır. 
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INTRODUCTION 
 
Cystic echinococcosis is common worldwide, 
especially in underdeveloped and developing 
countries (Köse and Sevimli 2008). Cystic 
echinococcosis is a common and important parasitic 
zoonosis caused by the larval stage of the genus 
Echinococcus (Cadona and Carmena 2013). Adult 
parasites are found mainly in the small intestine of the 
canids including dogs, foxes, wolves, jackals while the 
larval form is found mainly in the liver, lungs and 
sometimes the spleen of mostly goats, cattle, pigs, 
camel, deer, rabbits, monkeys, kangaroos and 
sometimes settling into the liver, lungs, spleen, heart, 
kidneys, brain and bone marrow of humans as well as 
poultry to cause serious public health problems as 
well as important economic losses. E. granulosus and 
E. multilocularis species are the causes of 
echinococcosis in Turkey. Most cases of hydatidosis 
encountered in Turkey are caused by the E. granulosus 
species (Merdivenci 1963, Unat et al. 1995, Barış et al. 
1989, Markel et al. 1999, Toparlak and Tüzer 2000, 
Dalimi et al. 2002, Thompson and McManus 2002, 
Gıcık et al. 2004, Ayaz and Tınar 2006). The genetic 
diversity of Echinococcus species is evaluated as 10 
different genotype strains (Nakao et al. 2007, 
Thompson 2008, Saarma et al. 2009, Nakao et al. 
2010). These strains are G1 (sheep strain), G2 
(Tasmanian sheep strain), G3 (buffalo strain), G4 
(horse strain), G5 (bovine strain), G6 (camel strain), 
G7 (pig strain), G8 (deer strain G9 (human strain), 
G10 (Fennoscandian deer strain) (Eckert and 
Thompson 1997, Haag et al. 1997, Scott et al. 1997, 
Thompson and McManus 2002, Lavikainen et al. 
2003, Romig et al. 2006). Full mitochondrial genome 
analysis of Echinococcus species led to taxonomic 
revision and G1-G3 genotypes were grouped as 
Echinococcus granulosus sensu stricto, G4 Echinococcus 
equinus, G5 Echinococcus ortleppi and G6-G10 
Echinococcus canadensis. (Nakao et al. 2007, Thompson 
2008, Saarma et al. 2009, Nakao et al. 2010). The 
domestic sheep strain (G1) is the most common 
strain in the world and host specificity is not limited 
to sheep. Cysts that develop in cattle are mainly sterile 
while those in mammals such as buffalo, camel and 
kangaroo are fertile (Bowles and McManus 1993, 
Eckert and Thompson 1997). It has been 
demonstrated by many molecular studies that the 
source of human infections is often the domestic 
sheep strain. Examinations of isolates obtained from 
different hosts in Turkey have determined that 
domestic sheep strains are the active strains (Utuk et 
al. 2008, Vural et al. 2008, Snabel et al. 2009). 
 
The objective of this study was to determine the 
strains and genetic affinity of ND1 and mt-COX1 
gene zones of E. granulosus isolates obtained from 
cattle, buffaloes, sheep and goats raised in central 

Afyonkarahisar province and its districts by PCR-
RFLP and DNA sequence analysis. 

 
MATERIAL and METHODS 

 
Collecting the samples 
In order to determine E. granulosus strains in cattle, 
buffaloes, sheep and goats raised in Afyonkarahisar 
City center and Emirdağ, Bolvadin, Şuhut, Dinar, 
İhsaniye districts, hydatid cysts were collected from 
the internal organs of 258 animals, including 65 goats, 
71 sheep, 119 cattle and 3 buffaloes slaughtered in 
slaughterhouses between March 2010 and April 2012. 
The contents of the cysts from the same organ were 
numbered separately. Both germinal membranes and 
cyst fluids were examined by microscopy for 
protoscoleces and evaluated as fertile or sterile. The 
germinal membranes and protoscoleces were washed 

with PBS and stored at 20°C in microcentrifuge 
tubes with 70% alcohol until use. 
 
DNA isolation and PCR 
Protoscoleces were used primarily in the samples 

stored in alcohol (70%) at 20°C while germinal 
membranes were used as necessary. The samples were 
washed with PBS before DNA extraction. DNA 
extraction was carried out according to Boom et al. 
(1990) and Höss&Paabo (1993). The DNA samples 
were checked for integrity on a 0.6% agarose gel, the 
amount and quality were measured using 
spectrophotometer devices (Multiscan GO and 
Qubit). DNA samples were adjusted to 20 ng / µl 

and stored at 20°C until analysis.  
The primers required to amplify mitochondrial 
NADH dehydrogenase 1 (ND1) and cytochrome 
oxidase 1 (COX1) genes were designed using the 
FastPCR software (Kalendar et al. 2009) (Table 1). 
 
Table 1. Primers, Tm and length of genes. 
 

Gene Primer 5´    3´ 
Tm 
(°C) 

Base 
pair 

ND1 F gtagttactcttatgttggt 
56 1038 

ND1 R cttgaagttaacagcatcacg 

COX1 F tacgttgcctgttttggctgc 
57 550 

COX1 R ccagtaatcaaaggccatcacc 

 
The total of the PCR mixture which was 25 µl 
contained 50 ng DNA, 1x PCR buffer (supplied), 2 
mM MgCl2, 0.2 mM dNTP set (Fermantas), 3 pmol 
each primer (Alpha DNA), and 1 Unit Platinum Taq 
DNA polymerase (Invitrogen). Reactions were 
carried out in an Eppendorf EpGradientS Thermal 
Cycler. The PCR was programmed for ND1 and 
COX1 at 95°C for 2 min pre-denaturation, followed 
by 35 cycles at 94°C for 30 s denaturation, binding at 
56 - 60°C for 45 s (Table 1), elongation at 72°C. for 1 
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min, final elongation step at 72°C for 10 min. The 
PCR products were checked under UV by using 1% 
agarose gel and GelRed (Biotium, 41003). 
 
PCR-RFLP 
ND1 gene PCR products were cut separately with 
Hin6I (Thermo) and StuI (Thermo) restriction 
enzymes. For this, 8 μl of PCR product, 1 μl of 
restriction enzyme, 2 μl of restriction buffer and 9μl 
of distilled water were used. Subsequently a 14-hour 
incubation at 37ºC was carried out. After incubation 
the Hin6I and the StuI enzymes were inactivated at 
65ºC and 80ºC respectively for 20 min. The products 
subjected to cutting were examined under UV with 
2.5% agarose gel supplemented with GelRed and the 
band patterns of the samples were displayed (Figure 1 
and 2).  
 

 
 
Figure 1. Agarose gel electrophoresis image of PCR-
RFLP products of the ND1 gene cut with Hin6I. M: 
Marker D: DNA P: PCR product H: PCR products 
treated with Hin6I restriction enzyme.  
 

 
 
Figure 2. Agarose gel electrophoresis image of PCR-
RFLP products of the ND1 gene cut with StuI M: Marker 
D: DNA P: PCR product S: PCR products treated with 
StuI restriction enzyme. 

 
Sequence analysis 
DNA double-sided sequence analysis of the PCR 
products of 78 isolates for the COX1 gene was 
carried out. PCR products were purified using 0.5μl 
Exo I and 1μl FastAp mixture prior to DNA 
sequence analysis. The mixture was kept at 37ºC for 

15 minutes and at 85ºC for 15 minutes. All of 
samples sequenced using the BigDye® Terminator 
v3.1 Cycle Sequencing Kit (Life Technologies).  
Sequence PCR products were purged with ethanol / 
EDTA / sodium acetate and the reactions were run 
on an ABI 3500Genetic Analyzer. The DNA 
sequences were edited with the Sequencher 5.4.1 
computer program (Gene Code Corporation, Ann 
Arbor, Michigan, USA) and were aligned with 
BioEdit 7.0.9 Sequence Alignment (Hall 1999) 
programs. 
 
Phylogenetic and Statistical Analysis 
The nucleotide differences between haplotypes (π), 

the haplotype mutation rate (Ѳ) and the Tajima D 
value were calculated and UPGMA dendrogram was 
created with the Mega 4 computer package program 
(Tamura et al. 2007).  
 

RESULTS 
 
As a result of DNA isolation from the internal organs 
of 258 animals, including 65 goats, 71 sheep, 119 
cattle and 3 buffaloes infected with hydatid cysts, 
DNA was isolated from 78 cysts (30 goats, 26 sheep, 
19 cattle and 3 buffaloes).  
 
ND1 gene 
DNA obtained from 78 isolates was used for PCR-
RFLP and after the PCR analysis, a DNA sequence 
with the length of 1038 bp was obtained. As a result 
of cutting the PCR products with Hin6I and StuI 
restriction enzymes, two bands (Figure 1) with a 1038 
bp band and two bands measuring 391 and 647 bp 
were observed (Figure 2), respectively. All samples 
showed an exemplary band structure in terms of the 
ND1 gene. 
 
COX1 Gene 
After PCR analysis, a length of 550 bp DNA 
sequence was obtained in the 1608 bp mt-COX1 gene 
zone. As a result of the comparison of sequence 
analysis, 18 different haplotypes (GenBank ID: 
MT318680-MT318697) were found for domestic 
sheep strain G1 and variants of isolates. When the 
distribution of these 18 haplotypes in goats, sheep, 
cattle and buffaloes and percentage ratios are 
observed, it is evident that TR_AF001 (MT318680) 
haplotype is more common (Table 2). 
 
The total number of polymorphic zones(S) for the 
nucleotide sequences of E. granulosus, polymorphic 
siteratio (ps), nucleotide differences (π), population 
mutation rate (Θ) and Tajima D value are given in 
Table 3. 
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Table 2. Haplotype Distributions and Percentage Ratios in Goats, Sheep, Cattle and Buffaloes. 
 

(GenBank 
Accession No) Haplotype   

GOAT SHEEP CATTLE BUFFALO TOTAL 

n % n % n % n % % 

(MT318680)   TR_AF001 6 20,0 19 73,1 4 21,1   37,2 

(MT318681)   TR_AF002 1 3,3       1,3 

(MT318682)   TR_AF003 6 20.0       7,7 

(MT318683)   TR_AF004 1 3,3       1,3 

(MT318684)   TR_AF005 10 33,3       12,8 

(MT318685)   TR_AF006 4 13,3       5,1 

(MT318686)   TR_AF007 1 3,3       1,3 

(MT318687)   TR_AF008 1 3,3   3 15,8   5,1 

(MT318688)   TR_AF009   2 7,7 3 15,8   6,4 

(MT318689)   TR_AF010   2 7,7     2,6 

(MT318690)   TR_AF011   1 3,8     1,3 

(MT318691)   TR_AF012   2 7,7     2,6 

(MT318692)   TR_AF013       3 100 3,8 

(MT318693)   TR_AF014     1 3,8   1,3 

(MT318694)   TR_AF015     3 15,8   3,8 

(MT318695)   TR_AF016     1 3,8   1,3 

(MT318696)   TR_AF017     1 3,8   1,3 

(MT318697)   TR_AF018     3 15,8   3,8 

TOTAL 30  26  19  3   

 
Accordingly, the polymorphism of the 20 COX1 gene 
of 78 E. granulosus was determined and the 
polymorphism rate was approximately (ps) 3.6%, the 
population mutation rate (Θ) 0.7%, nucleotide 
difference (π) 0.4% and Tajima D value was 

calculated as 1.1067 (Table 3). The average 
evolutionary differentiation coefficient and standard 
error of the studied E. granulosus cysts was estimated 
to be 0.351 ± 0.042 (Table 4).  

 
 
Table 3. Tajima Neutrality Test Results of Samples. 
 

m S ps Θ π D 

78 20 0.036 0.007 0.004 -1.1067 

 
 
Table 4.  Mean evolutionary differentiation between DNA sequences belonging to E. granulosus in species. 

Species d S.E. 

Goat 0.005 0.002 
Sheep 0.001 0.001 
Buffalo 0.000 0.000 
Cattle 0.005 0.002 

 
 
The nucleotide differences of the haplotypes in the 
mt-COX1 gene are given in Table 5. When the 
genetic relationships between haplotypes are 
examined, it is observed that TR_AF013 (MT318692) 
haplotype which is formed by buffalo isolates and 
TR_AF003 (MT318682) haplotype consisting of goat 
isolates (Figure 3) and evolutionary distance value is 

calculated as 0,007 (Table 6). When the haplotypes 
are evaluated in terms of evolutionary distances, the 
highest TR_AF018 (MT318697) haplotype was found 
between the TR_AF004 (MT318683) haplotype and 
TR_AF018 (MT318697) haplotype and TR_AF014 
(MT318693) haplotype (0.015) (Table 6).  

 



156 

 

Table 5. Nucleotide differences of haplotypes in mt-COX1 gene zone 
 

  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 

  
6 6 6 6 6 7 7 7 8 8 8 9 9 9 0 0 0 0 0 0 0 

(GenBank 
 

1 3 6 6 8 1 2 8 0 1 5 1 7 8 0 0 2 5 5 8 9 

Accession No) Haplotype 
 

6 3 7 9 4 7 3 4 0 0 5 8 2 6 1 8 0 6 9 9 9 

NC_008075.1 A C T A T C T A C C T C A A T T A G A G A 

(MT318680)   TR_AF001 
 

. . . . . . . . . . C . . . . . . . . . . 

(MT318681)   TR_AF002 
 

. . . . C . . . . . C . . . . . . . . . . 

(MT318682)   TR_AF003 
 

. . . . . T . . . T C T . . C . . . . . . 

(MT318683)   TR_AF004 
 

. . . G . . . . . . C . . . . . . . . . . 

(MT318684)   TR_AF005 
 

. . . . . . G . . . C . . . . . . . . . . 

(MT318685)   TR_AF006 
 

. . . . . . . . G T C . . . C . G . . . . 

(MT318686)   TR_AF007 
 

. . . . . . G . G T C . . . . . G . . . . 

(MT318687)   TR_AF008 
 

. . . . . . . . T . C . . . . . . . . . . 

(MT318688)   TR_AF009 
 

. . . . . . . . . T C . . . C . . . . . . 

(MT318689)   TR_AF010 
 

. . . G . . . . . . C . . . . . . . . A . 

(MT318690)   TR_AF011 
 

. . . . . . C . . . C . . . . . . . . . . 

(MT318691)   TR_AF012 
 

G . . . . . . . . . C . . . . . . . . . . 

(MT318692)   TR_AF013 
 

. . . . . . . G . T C . . . C C . . . . . 

(MT318693)   TR_AF014 
 

. . . . . . . . . . C . . . . . . . . . G 

(MT318694)   TR_AF015 
 

. . C . . . . . . . C . G . . . . T . . . 

(MT318695)   TR_AF016 
 

. . . . . . . . . T C . . . . . . . . . . 

(MT318696)   TR_AF017 
 

. . . . . . . . T T C . . . . . . . . . . 

(MT318697)   TR_AF018 
 

. T . . . . . . T . C . . G . . . . G . . 

 
 
Table 6. Evolutionary distances between haplotypes 
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TR_AF001 ***                  

TR_AF002 0.002 ***                 

TR_AF003 0.007 0.009 ***                

TR_AF004 0.002 0.004 0.009 ***               

TR_AF005 0.002 0.004 0.009 0.004 ***              

TR_AF006 0.007 0.009 0.007 0.009 0.009 ***             

TR_AF007 0.007 0.009 0.011 0.009 0.006 0.004 ***            

TR_AF008 0.002 0.004 0.009 0.004 0.004 0.007 0.007 ***           

TR_AF009 0.004 0.005 0.004 0.005 0.005 0.004 0.007 0.005 ***          

TR_AF010 0.004 0.005 0.011 0.002 0.006 0.011 0.011 0.005 0.007 ***         

TR_AF011 0.002 0.004 0.009 0.004 0.002 0.009 0.007 0.004 0.005 0.005 ***        

TR_AF012 0.002 0.004 0.009 0.004 0.004 0.009 0.009 0.004 0.005 0.006 0.004 ***       

TR_AF013 0.007 0.009 0.007 0.009 0.009 0.007 0.011 0.009 0.004 0.011 0.009 0.009 ***      

TR_AF014 0.002 0.004 0.009 0.004 0.004 0.009 0.009 0.004 0.005 0.006 0.004 0.004 0.009 ***     

TR_AF015 0.006 0.007 0.013 0.007 0.007 0.013 0.013 0.007 0.009 0.009 0.007 0.007 0.013 0.007 ***    

TR_AF016 0.002 0.004 0.005 0.004 0.004 0.006 0.006 0.004 0.002 0.005 0.004 0.004 0.005 0.004 0.007 ***   

TR_AF017 0.004 0.005 0.007 0.005 0.005 0.006 0.006 0.002 0.004 0.007 0.005 0.005 0.007 0.005 0.009 0.002 ***  

TR_AF018 0.007 0.009 0.015 0.009 0.009 0.013 0.013 0.005 0.011 0.011 0.009 0.009 0.015 0.009 0.013 0.009 
0.00

7 
*** 
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Figure 3. UPGMA dendrogram showing relationships of genetic distances between haplotypes 
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DISCUSSION 
 
Cystic echinococcosis is an important and widespread 
parasitic zoonosis all over the world and mainly in 
less developed and developing countries observed in 
humans and animals caused by the larval stage of the 
genus Echinococcus (Köse and Sevimli 2008, Cadona 
and Carmena 2013). Although the last host is usually 
carnivores like dogs, foxes, jackals, wolves, different 

strains of the agent can be found in different 
geographical regions in numerous intermediate host 
mammals such as cattle, sheep, goats, deer, camels, 
buffaloes, rabbits, kangaroos, pigs, horses, donkeys 
able to infect humans (McManus et al. 2003). 
Studies on E. granulosus species have been carried out 
in different regions of the world by using molecular 
techniques. These studies are shown in Table 7. 
 

 
 
 

Table 7. DNA sequence analysis studies on E. granulosus. 
 

Country Source Gene Strain 

Spain Gonzalez et al., 2002 mt-COX1, ND1 G1,G7 
Bulgaria Breyer et al., 2004 ND1 G1 
Italy Capuano et al., 2006 mt-COX1 G1,G3 

China Bart et al., 2006a mt-COX1 G6 
Romania Bart et al., 2006b mt-COX1, ND1 G1,G2,G7 
Greece Varcasia et al., 2007 mt-COX1, ND1 G1,G3,G7 
Turkey Vural et al., 2008 mt-COX1 G1,G3 
Turkey Snabel et al., 2009 mt-COX1, ND1 G1,G3,G7 
Kenya Casulli et al., 2010 mt-COX1, ND1 G1,G6 
Pakistan Latif et al., 2010 mt-COX1 G1,G3 
Argentina Soriano et al., 2010 mt-COX1 G1,G3,G6,G7 
Turkey Simsek et al., 2010 mt-COX1 G1,G3 
Turkey Beyhan and Umur, 2011 mt-COX1 G1,G2,G3 
Iran  Pour et al., 2011 mt-COX1 G1,G3 
Japan Guo et al., 2011 mt-COX1, ND1 G1,G2,G3 
Mongolia Jabbar et al., 2011 mt-COX1, ND1 G1,G3,G6,G10 
India Singh et al., 2012 mt-COX1 G1,G3 
Peru Sanchez et al., 2012 mt-COX1, ND1 G1,G7 
Egypt Aboelhadid et al., 2013 mt-COX1, ND1 G1,G7 
Palestine Adwan et al., 2013 mt-COX1 G1,G2,G3 

 
 
 
In this study, the ND1 gene zone of the isolates was 
examined by PCR-RFLP technique and shows that 
the isolates may have a similar genetic structure and 
the same strain. The DNA sequence analysis of the 
mt-COX1 gene of the isolates suggests that all 
isolates are G1 genotype. As a result of the mutations 
in the COX1 gene region, 18 different haplotypes 
have been manifested. Table 1 shows that most 
haplotypes are from goat and cattle species with eight 
haplotypes. Five haplotypes have been found in 
sheep. The presence of fewer haplotypes in sheep is 
probably explained by sampling in nearby regions. In 
the analyzes, the TR_AF005 (MT318684) haplotype 
(33.3%) found in goats and the frequency of the 
TR_AF001 (MT318680) haplotype in sheep and 
cattle was 21.1% and 73.1%, respectively. The fact 
that haplotype frequencies vary according to species 
suggests that the examined animals may have come 
from the same location. Results in Table 6 confirm 
this. When Table 6 is examined, it is noted that the 
frequency of TR_AF001 (MT318680) haplotype in 
sheep and cattle is high because of the animals in 

Şuhut district and the high frequency of the 
TR_AF005 (MT318684) haplotype in goats is caused 
by animals from Dinar district. The presence of only 
one haplotype in buffaloes (TR_AF013 (MT318692)) 
suggests that the number of buffaloes is low and that 
the samples may have been collected from the same 
area or from the same herd. The prevalence of the 
TR_AF001 (MT318680) haplotype over the entire 
Afyonkarahisar province (37.2%) can be explained by 
the fact that this haplotype is more likely to produce 
different types of infection than other haplotypes, or 
that it may be more widely distributed by animal 
movements. 
 
The results of the study show that E. granulosus is a 
dominant genotype of domestic sheep strain in 
Afyonkarahisar and the limited number of studies 
(Vural et al. 2008, Utuk et al. 2008, Beyhan and Umur 
2011, Eryıldız and Şakru 2012) in this subject support 
the study results. 
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CONCLUSION 
 
A sequencing analysis of the mt-COX1 gene zone of 
E. granulosus was carried out in this study and as a 
result of the evaluation of the obtained sequence 
analysis information, the intermediate hosts were 
found to be infected with the domestic sheep strain 
(G1) which is accepted to be the most common and 
most pathogenic strain in Afyonkarahisar region and 
the World.  
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