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Abstract 
Background: Echinococcus granulosus is spread by the excretion of cystic organs into 
the environment. The dog is infected via eating the cystic organ. It then contami-
nates the environment with eggs of E. granulosus, which are infective to humans 
and animals. We aimed to determine the E. granulosus genotypes that cause infec-
tion in humans in the Van region, Türkiye.  
Methods: Sixty patients between 18 and 100 years of age, who underwent the 
puncture, aspiration, injection, re-aspiration (PAIR) procedure in the Department 
of Radiodiognastics of Van Yüzüncü Yıl University, Van, Türkiye were included 
in the study. PAIR fluids were examined microscopically and DNA was isolated 
from the fluids. After DNA isolation, polymerase chain reaction (PCR) was per-
formed using primers that amplify the E. granulosus NADH dehydrogenase subunit 1 
(NAD1) gene region. After sequence analysis of the PCR amplicons, Basic Local 
Alignment Search Tool (BLAST) was performed.  
Results: In the microscopic examination, protoscolex or hook was detected in 42 
(70%) of the samples. DNA was successfully extracted from all of the cyst fluids 
containing protoscolex and hook, and the NAD1 gene region was PCR-amplified. 
After using BLAST, all of the samples were determined to be an E. granulosus sen-
su stricto G1 genotype. Sequence comparison revealed that four (9.5%) isolate 
sequences showed single nucleotide polymorphism (SNP). Sequences of isolates 
with SNP submitted to the GenBank with accession numbers OR565864 to 
OR565867.   
Conclusion: E. granulosus s.s. G1 genotype, known as sheep strain, is common in 
human hydatid disease in the Van region of Türkiye. 
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 Introduction 
 

chinococcus granulosus, a cestode belong-
ing to the Taeniidae family, is the caus-
ative agent of cystic echinococcosis 

(CE), a common zoonotic disease worldwide. 
Canines are the final host for these tapeworms 
and herbivores/omnivores are intermediate 
hosts. Human infection occurs incidentally by 
ingestion of E. granulosus eggs. In humans, it 
causes the development of fluid-filled hydatid 
cysts localized in the liver and lungs, and to a 
lesser extent in the abdominal cavity, muscle, 
heart, bone, and nervous system (1,2). 

The Echinococcus genus includes five species 
including E. granulosus sensu lato, E. multilocu-
laris, E. shiquicus, E. vogeli, and E. oligarthra. E. 
granulosus s.l.  is a complex of genotypes that 
cause CE in humans and animals. Five species 
complexes of E. granulosus s.l. are now known 
Because of phylogenetic analysis: E. granulosus 
sensu stricto (G1 and G3 genotypes), E. equi-
nus (G4 genotype), E. ortleppi (G5 genotype), E. 
canadensis (G6/G7, G8/G10 genotypes), and 
E. felidis. The highest number of human cases 
worldwide were found as the sheep strain, that 
is, the G1 genotype. Genotype G2 is no long-
er recognized as a valid genotype but as a mi-
crovariant of G3 (3,4). 

This wide diversity of genotypes also influ-
ences several characteristics of the parasite, 
such as drug susceptibility, including its life 
cycle, transmission, pathogenicity, and bio-
chemical characteristics. It has been noted that 
each genotype of E. granulosus tends to infect a 
certain intermediate host and certain organs of 
the body. Therefore, in a given geographic 
area, the dominant genotypes of E. granulosus 
can be determined, and appropriate planning 
can be made to prevent transmission of para-
sites and transmission to humans between in-
termediate and definitive hosts (3). 

Chemotherapy-related open surgery was the 
treatment of choice for the treatment of E. 
granulosus, but a mini-invasive procedure 
called puncture, aspiration, injection, re-

aspiration (PAIR) was recommended by a Tu-
nisian team in 1986. Today, it is an accepted 
method for the treatment of hydatid cysts by 
the WHO (5). 

This study was carried out to determine the 
E. granulosus genotypes that cause infection in 
humans in the Van region of Türkiye. 
 
Materials and Methods 
 
Ethical approval 

Ethical approval for this study was obtained 
from the Clinical Research Ethics Committee 
of Yüzüncü Yıl University, Faculty of Medi-
cine, with the decision no. 04 dated 
15/12/2021. 

 
Samples collection 

Sixty patients, between 18 and 100 years of 
age, who underwent the PAIR procedure in 
the Department of Radiodiognastics of 
Yüzüncü Yıl University, Faculty of Medicine, 
were included in the study. The fluids ob-
tained from the patients because of the PAIR 
procedure were centrifuged at 4000 rpm for 5 
min and the underlying precipitate was used. 
 
Microscopic examination 

In order to distinguish between sterile cysts 
and fertile cysts, the precipitate obtained be-
cause of centrifugation was examined under a 
microscope. The 10-lens objectives of the 
light microscope were used to detect proto-
scolices. The sediments in which no protosco-
lex could be detected were examined with 40 
and 100 lenses to investigate the presence of 
hooks. After the examination, the samples 
were stored at –20 °C until DNA isolation. 
 
DNA isolation 

After the materials stored at –20 °C were 
thawed at room temperature, total DNA isola-
tion was performed with the Genomic DNA 
Purification Kit (Thermo Scientific GeneJET 

E 
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K0722, Lithuania) in accordance with the kit 
manufacturer's instructions. 
 
Conventional PCR 

In the polymerase chain reaction (PCR) 
method, primers NAD1F 5' - TATTCT-
CARTYTCGYAAGGGHCC - 3' and 
NAD1R 5' -
AACCATTTCTTGAAGTTAACAGCAG-
CATC - 3' amplifying the E. granulosus NADH 
dehydrogenase subunit 1 (NAD1) gene region 
were used (6). The reaction was adjusted to a 
total volume of 50 µL, containing 25 µL of 
Taq 2x Master Mix (with 12.5 mM MgCl2) 
(Ampliqon), 0.5 mM of MgCl2, 0.2 µM from 
each primer (Sentegen), and 4 µL of sample 
DNA.  

Reactions were run on an Applied Biosys-
tems SimpliAmp Thermal Cycler PCR instru-
ment. PCR was programmed for 45 cycles of 
40 s at 95 °C, 40 s at 50°C, and 65 s at 72 °C. 
In addition to the PCR process, a 4-min dena-
turation step at 95 °C was performed before 
the first cycle, as well as an extension phase at 
72 °C for 10 min following the last cycle. In 
order to display the results, 15 µL of the ob-
tained reaction products were run in gel elec-
trophoresis and visualized in the UVP Gel 
documentation system.  

DNA Sequence Analysis of the partial NAD1 
Gene Region 

The PCR product of the mitochondrial 
NAD1 gene region was sent to BM Labosis 
(Ankara/Türkiye) for bidirectional DNA se-
quence analysis. Blast 
(www.ncbi.nlm.nih.gov/BLAST/) was per-
formed using reference genotypes (Table 1) 
from GenBank. Reference gene sequences and 
bidirectional sequence analysis results were 
compared using the SnapGen program. Base 
changes in both strands of the same sample 
were considered single nucleotide polymor-
phism (SNP). Changes seen in a single chain 
were evaluated as a read error in sequence 
processing and were corrected according to 
the reference sequence. Phylogenetic analysis 
was performed using nad1 sequence data rep-
resenting nucleotide variations seen in the pre-
sent study, sequences for genotypes of E. 
granulosus sensu lato from previous studies as 
well as Taenia saginata as the outgroup. The 
phylogenetic analysis was constructed accord-
ing to the neighbor-joining (NJ) method using 
MEGA11 software. The distances were com-
puted using the Maximum Composite Likeli-
hood method.   

 
Table 1: Reference sequences of the Echinococcus granulosus genotypes used in the study. 

 
Genotype Genbank accession number Reference 

G1 KU925392 Kinkar et al. (7) 

G3 KJ559023 Wang et al. (8) 

G4 KT363809 Chaabane-Banaoues et al. (9) 

G5 KT363810 Chaabane-Banaoues et al. (9) 

G6 KT363811 Chaabane-Banaoues et al. (9) 

G7 KT363812 Chaabane-Banaoues et al. (9) 

G8 AB235848 Nakao et al. (10) 

G10 AB745463 Nakao et al. (11) 
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Results 
 

Overall, 39 (65%) of the sixty patients who 
received PAIR fluid were female and 21 (35%) 
were male. In the microscopic examination, 
protoscolex (Fig. 1) or hook (Fig. 2) was de-
tected in 42 of the samples (70%). DNA was 
successfully extracted from all of the cyst flu-
ids containing protoscolex and hook, and the 
NAD1 gene region was amplified by PCR. 
When the sequence results were examined, it 
was determined that the gene region with a 
length of 777 bp was free of errors for all of 
the samples. After performing BLAST, all of 

the samples were determined to be a E. granu-
losus s.s. G1 genotype. 

Sequence comparison revealed that 38 
(90.5%) isolates showed 100% homology with 
the G1 (KU925392.1) genotype, while the 
other four (9.5%) isolate sequences showed 
SNP (Figs. 3 and 4). Sequences of VANG1.1, 
VANG1.2, VANG1.2, VANG1.2 isolates 
with SNP were submitted to the GenBank 
(https://www.ncbi.nlm.nih.gov/nucleotide/)  
with accession numbers of OR565864, 
OR565865, OR565866 and OR565867, re-
spectively  

 

 
 

Fig. 1: Protoscoleces image of a human liver E. granulosus isolate of this study (X400) 
 

 
 

Fig. 2: Hooks image of a human liver E. granulosus isolate of this study (X1000) 
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Fig. 3: Sequence comparison of four isolates of E. granulosus G1 genotype with SNP from this study with G1 
reference sequence (KU925392). 

 

 
 

Fig. 4: Genetic relationships of four isolates of E. granulosus from this study and reference sequences for E. 
granulosus sensu lato selected from previous studies as well as T. saginata as the outgroup using the Neighbor-

Joining method in MEGA11 software 
 
Discussion 
 

Hydatid cyst disease is an infection in which 
humans are an incidental intermediate host 
and is caused by the larvae stage of E. granu-
losus. The disease occurs most commonly in 
the liver, and secondarily in the lungs. There 

are various treatment methods for this disease. 
Although surgery is the most common and 
well-known treatment method, it is associated 
with significant morbidity and long hospital 
stay. With the developing technology, optimal 
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treatment methods based on minimally inva-
sive procedures such as ultrasound-guided 
PAIR have been developed (12). PAIR treat-
ment together with oral anthelmintic therapy 
is very effective and gives better results than 
surgery in Gharbi type I-III cysts (13). Cyst 
hydatid materials (isolates) can be obtained 
during surgical removal of the cyst as well as 
during the PAIR procedure (14). During the 
PAIR procedure, if the cyst is fertile, hydatid 
sand containing protoscolex is obtained to-
gether with the cyst fluid. Molecular studies 
can be done by isolating DNA from the pro-
toscolex obtained. Most studies of the geno-
typing of CE cases have used cyst materials 
obtained by surgical procedure (15-18). In one 
study, cyst materials obtained by surgical pro-
cedure and PAIR procedure were used to-
gether (14). With this study, the cyst isolates 
obtained using the PAIR procedure could also 
be genotyped. However, it is a disadvantage 
that DNA cannot be obtained from sterile 
cyst fluids obtained using the PAIR procedure. 
In this study, because the cyst fluid of 18 
(30%) patients was sterile, DNA could not be 
obtained from these samples. 

The genotyping of human CE cases plays an 
important role in the formulation of control 
strategies to prevent transmission of this para-
site. Genotype variation in parasites varies in 
host specificity and transmission dynamics 
(19). Worldwide, the E granulosus s.s. geno-
types most commonly associated with CE in 
humans are the G1 and G3 genotypes 
(20).The G1 genotype is known as sheep 
strain. Although the G1 genotype can infect 
other intermediate hosts, such as cattle, goats, 
and dogs, the fertility rate of cysts in these an-
imals is either low or the cysts are not fertile at 
all (21). In Türkiye, different genotypes have 
been detected, but the G1 genotype was de-
termined as the dominant strain. In Istanbul, 
all of human CE isolates were the G1 geno-
type (21). In Ankara, 94.5% of the human CE 
isolates belonged to the E. granulosus s.s (G1 
and G3) complex, and 5.5% to the E. canaden-
sis (G6/7) complex (22). In Aydın, 75% of 

their human CE isolates were G1 and 25% 
were E. canadensis (G6/G7) genotype (15). In 
another study, 95% of the human CE isolates 
collected in Van Province were G1 and 5% 
(one) were the G3 genotype (3). In Konya, a 
human isolate was the G4 genotype in addi-
tion to G1 and G3 (23). In this study, all of 
the isolates were determined to be the G1 
genotype and point mutations were detected 
in the NAD1 gene region in four isolates. 

In Van, 70% of the total surface area is 
meadow-pasture and the land conditions are 
particularly suitable for sheep-goat breeding. 
For this reason, sheep breeding is widely prac-
tised under extensive conditions (24). In addi-
tion to intensive sheep breeding, the preva-
lence of CE in sheep raised in Van was too 
high to be underestimated. In one study, CE 
was detected in 46.4% of 525 sheep slaugh-
tered in Van slaughterhouses (25). On the 
other hand, in Türkiye, mostly sheep are 
slaughtered during the feast of sacrifice. The 
disease is still common in Türkiye due to rea-
sons such as not properly destroying the cystic 
organs in the slaughter and throwing them out 
for the dogs to eat (15). 

In light of this information and the determi-
nation of the G1 genotype, which is known 
only as a sheep strain in this study, sheep 
breeding has an important place in hydatid 
cyst disease seen in people living in the Van 
region. 
 
Conclusion 
 

The E. granulosus s.s. G1 genotype, known as 
sheep strain, is common in the Van region, 
that sheep breeders should be made aware of 
hydatid cyst eradication, slaughtering should 
be done in a controlled manner, and suspi-
cious organs should be destroyed appropriate-
ly. 
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