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Abstract
Background and Aim: In Kazakhstan, the study of Echinococcus infection among farm animals is crucial to monitor the 
invasion among livestock and map the data obtained. Unfortunately, there are only partial data on the study of Echinococcus 
among cattle’s in Kazakhstan, which makes it difficult to conduct a comparative analysis of the epidemiological situation 
among livestock animals. The present study aimed to molecularly identify the species and haplotypes of the E. granulosus 
complex infecting cattle in Kazakhstan and investigate their genetic variation relative to mitochondrial (mt) targets.

Materials and Methods: Individual cyst isolates (n = 700) were collected from infected cattle lungs and livers after 
slaughter from the slaughterhouse. Total DNA was extracted from the germinal layers of the cyst from each isolate. This 
DNA sequenced partial mt genes of cytochrome c oxidase 1 (450 bp) and NADH dehydrogenase 1 (1200 bp).

Results: We determined that all the sequences were detected as E. granulosus s.s., of which 69 (94.5%) samples belonged 
to G1, and only 4 (5.4%) samples belonged to the G3 genotype. After bioinformatic analysis, 38 haplotypes were identified.

Conclusion: Our findings revealed that the G1 genotype of E. granulosus s.s. is the predominant cattle genotype in 
Kazakhstan. However, only one region showed the presence of two genotypes G1 and G3, in the sequence, which suggests 
that further research is needed to investigate the epidemiology of Echinococcus infection in cattle in Kazakhstan.

Keywords: cattle, cystic echinococcosis, Echinococcus granulosus, genotypes, haplotype, Kazakhstan.

Introduction

Cystic echinococcosis (CE) is a chronic hel-
minthic zoonosis with a worldwide distribution. CE 
affects a wide variety of livestock species acting as 
intermediate hosts (IHs), whereas humans represent 
aberrant hosts of IHs [1]. Echinococcus parasites 
require carnivores as final hosts and herbivores as IHs 
to complete their life cycle. The adult stage inhabits 
the small intestine of a carnivore and produces hun-
dreds of worms that shed thousands of infected eggs 
in the stool of the host. As soon as the IH ingests the 
larvae, they move through the bloodstream to the inter-
nal organs, where they form fluid-filled cysts. These 
cysts may develop into thousands of protoscolices that 
can mature into adult worms if they are ingested by 

a definitive host. Human beings are accidental hosts 
that do not perpetuate the life cycle.

Thus, to date, the Echinococcus granulosus 
complex comprises five species: E. granulosus sensu 
stricto (s.s.) (clustering genotypes G1, G2, and G3), 
Echinococcus equinus (G4), Echinococcus ortleppi 
(G5), Echinococcus canadensis (grouping geno-
types G6–G8 and G10), and Echinococcus felidis 
(G9) [2–5]. E. granulosus s.l. exhibits a high geno-
typic diversity with 10 genotypes (G1–G10) that have 
been molecularly distinguished so far, predominantly 
based on genetic polymorphism of mitochondrial (mt) 
genes [6, 7]. E. granulosus s.s. (genotypes G1, G3) 
is the most wide-spread species of the E. granulo-
sus s.l. complex. In general, reported mt haplotypes 
are gathered by similarity around G1 or G3, whereas 
G2 seems to be a micro-variant of G1 or often of 
G3 [8, 9]. To date, data on the molecular typing of 
genotyping and haplotypes of E. granulosus complex 
circulating in Kazakhstan have not been published.

This study aimed to molecularly identify spe-
cies and haplotypes of the E. granulosus complex 
infecting cattle in Kazakhstan and to investigate their 
genetic variation respective to mt targets. Kazakhstan 
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is considered highly endemic to hydatid cysts in 
humans and animals.
Materials and Methods
Ethical approval

Samples of Echinococcus cysts from cattle 
were collected from the slaughterhouse and deliv-
ered to the parasitological laboratory of the Faculty of 
Veterinary Medicine. This study was approved by the 
Animal Ethics Committee of the National Center for 
Biotechnology (protocol No. 1 dated April 01, 2022). 
All animal experiments were conducted in accor-
dance with the World Medical Association Code of 
Ethics (Declaration of Helsinki) (http://ec.europa.eu/
environment/chemicals/lab_animals/legal_en.htm). 
Study period and location

The study was conducted from August 2022 to 
October 2023, in the laboratory of parasitology of the 
Seifullin Kazakh Agrotechnical University and the 
laboratory of biodiversity and genetic resources of the 
National Center of Biotechnology, located in Astana, 
Kazakhstan. Cattle samples were collected from 17 
regions of Kazakhstan (Kostanay, Akmola, South 
Kazakhstan, Pavlodar, Karaganda, East Kazakhstan, 
West Kazakhstan, Aktobe, Atyrau, Ulytau, North-
Kazakhstan, Almaty, Kyzylorda, and Mangystau 
regions).
DNA extraction and polymerase chain reaction (PCR) 
analysis

The cysts showed different conditions; some 
were calcified and others purulent. As a result, the 
most suitable samples were selected for future studies. 
DNA was successfully extracted from 73 cysts using 
a GeneJet genomic DNA purification kit (Thermo 
Fisher, USA, Cat.: K0701) with some modifications. 
Briefly, Echinococcus cysts extracted from organs 
were homogenized in Eppendorf tubes using a pestle, 
lyses buffer, and Proteinase K.

PCR was applied to identify the genetic diver-
sity of Echinococcus spp. using two primer pairs 
targeting cytochrome c oxidase subunit 1 (cox1: for-
ward 5′-TTTTTTGGGCATCCTGAGGTTTAT-3′ and 
reverse 5′-TAAAGAAAGAACATAATGAAAATG-3′) 
and dehydrogenase subunit 1 (nad1: forward 
5′-TGGAACTCAGTTTGAGCTTTACTA-3′ and 
reverse 5′-ATATCAAAGTAACCTGCTA TGCAG-3′) 
[4, 10]. Reactions were performed in 15 μL 2× GoTaq 
Hot Start MasterMix, 9 μL nuclease-free water, 1 μL 
total primers, and 2.5 μL extracted DNA.
Electrophoresis and sequencing

Agarose gels (1%) were prepared in 1× TBE 
solution containing 8 ng/μL ethidium bromide (Sigma, 
E1510). Electrophoresis was performed for 50 min at 
120 V using 10 μL PCR products with a DirectLoad 
100 bp Low ladder ready-to-use (Sigma, D3687-
1VL). The PCR-amplified target gene fragment was 
purified according to the manufacturer’s protocol 
using a QIAquick PCR Purification Kit, (Qiagen, 

Germany, Cat.: 28106). Sequencing was performed 
using the Seq Studio Genetic Analyzer (Thermo Fisher 
Scientific Applied Biosystems, USA) according to the 
manufacturer’s instructions. The resulting nucleotide 
sequences were visually checked using BioEdit ver-
sion 7.0. BLAST was used to compare the nucleotide 
sequences of the studied species with those of other 
sequences in the National Center for Biotechnology 
Information (NCBI) GenBank database. Nucleotide 
sequences of the studied species were deposited in the 
NCBI GenBank database.
Phylogenetic analysis

Nucleotide sequences obtained in the current 
study were submitted to GenBank and published 
under accession numbers for cox1 gene and nad1 
(Table-1). The obtained sequences were manually 
edited, and sequence similarity searches compared 
to the GenBank reference sequences were performed 
using BLAST (https://blast.ncbi.nlm.nih.gov). 
Nucleotide sequences for cox1 and nad1 partial genes 
were aligned with the MUSCLE multiple sequence 
alignment program. Phylograms were constructed 
using a concatenated dataset with the MEGA11 
software [11] using the maximum likelihood (ML) 
method. Mesocestoides spp. (MH998121) was used 
as an out-group.
Haplotype analysis

The haplotype data file was generated using the 
DnaSP v.6 software. Statistical parsimony networks 
were used to analyze haplotype genealogy in cox1 
and nad1 concatenated datasets using TCS (Statistical 
Parsimony by A. R. Templeton, K. A. Crandall, and C. 
F. Sing) implemented in PopART software [12]. We 
constructed the networks with a 95% probability limit. 
To distinguish between synonymous and non-synony-
mous mutations, nucleotide sequence translation was 
performed using the DnaSP v.6 software (http://www.
ub.edu/dnasp/downloadTv6.html).
Results
Characterization of mtDNA haplotypes

Throughout the study, 700 hydatid cyst samples 
were meticulously collected from 14 distinct regions, 
with an average of 3.7 cysts per host. Subsequently, 
DNA extraction was successfully performed on 
76 samples, and sequencing was performed on each 
of the selected samples. All cysts were identified 
as E. granulosus s.s. with 38 identified haplotypes 
among our datasets, including two concatenated mt 
gene markers: cox I and nad I.

The final aligned sequences with positions 
1100–1400 were converted in FASTA and NEXUS 
format for further analysis using MEGAX, DnaSP 
v.6, PopArt v. 1.7 software. Point mutations in the 
sequences were identified after the alignment. Table-1 
shows the nucleotide variation positions based on ref-
erence sequences. To evaluate the relationships among 
the different E. granulosus s.s. haplotypes, a network 
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Table-1: Cattle samples of Echinococcus spp. submitted to GenBank.

Geographical origin Isolate GB number (co×1) GB number (nad1) Genotype Haplotype
Akmola region 3-22-13 OR135798 OR294861 G1 hp1

3-22-14 OR136140 OR294862 G1 hp2
3-22-15 OR136142 OR294863 G1 hp3
3-22-16 OR136143 OR294864 G1 hp1
3-22-17 OR136144 OR294865 G1 hp4

Aktobe region 4-22-2 OR136163 OR294866 G3 hp5
4-22-3 OR136184 OR294867 G1 hp6
4-22-4 OR136190 OR294868 G1 hp5
4-22-5 OR140728 OR294869 G3 hp7
4-22-6 OR140736 OR294870 G3 hp7
4-22-7 OR140912 OR294871 G3 hp8
4-22-8 OR140735 OR294872 G1 hp9
4-22-9 OR140738 OR294873 G1 hp5

Almaty 5-22-4 OR136223 OR294874 G1 hp10
5-22-5 OR136294 OR294875 G1 hp10
5-22-6 OR136364 OR294876 G1 hp11
5-22-7 OR136456 OR294877 G1 hp12
5-22-8 OR136369 OR294878 G1 hp13

Atyrau 6-22-1 OR136380 OR294879 G1 hp5
6-22-2 OR136382 OR294880 G1 hp5
6-22-3 OR136455 OR294881 G1 hp5
6-22-4 OR136384 OR294882 G1 hp5
6-22-5 OR136386 OR294883 G1 hp14

West-Kazakhstan 7-22-1 OR136387 OR294884 G1 hp5
7-22-2 OR136397 OR294885 G1 hp15
7-22-3 OR136457 OR294886 G1 hp16
7-22-4 OR139966 OR294887 G1 hp15
7-22-5 OR139967 OR294888 G1 hp15

Dzhambul 8-22-9 OR136471 OR294889 G1 hp5
8-22-10 OR136492 OR294890 G1 hp15
8-22-11 OR136494 OR294891 G1 hp5
8-22-12 OR136509 OR294892 G1 hp17
8-22-13 OR136513 OR294893 G1 hp17

Karagandy 9-22-11 OR140739 OR294894 G1 hp18
9-22-12 OR140741 OR294895 G1 hp5
9-22-13 OR140744 OR294896 G1 hp19
9-22-14 OR140778 OR294897 G1 hp5
9-22-15 OR140783 OR294898 G1 hp20

Kostanay 10-22-1 OR140785 OR294899 G1 hp5
10-22-2 OR140786 OR294900 G1 hp21
10-22-3 OR140788 OR294901 G1 hp22
10-22-4 OR140819 OR294902 G1 hp23
10-22-5 OR140821 OR294903 G1 hp23

Kyzylorda 11-22-5 OR140830 OR294904 G1 hp24
11-22-6 OR140827 OR294905 G1 hp25
11-22-7 OR140824 OR294906 G1 hp26
11-22-8 OR140833 OR294907 G1 hp27
11-22-9 OR342713 OR294908 G1 hp29

Mangystau 12-22-16 OR140847 OR294909 G1 hp15
12-22-19 OR140849 OR294910 G1 hp5
12-22-24 OR140837 OR294911 G1 hp28
12-22-25 OR140852 OR294912 G1 hp5
12-22-26 OR140840 OR294913 G1 hp5

South-Kazakhstan region 13-22-1 OR140853 OR294914 G1 hp5
13-22-2 OR140855 OR294915 G1 hp5
13-22-3 OR140856 OR294916 G1 hp5
13-22-4 OR140857 OR294917 G1 hp29
13-22-5 OR140890 OR294918 G1 hp30

Pavlodar 14-22-5 OR140869 OR294919 G1 hp4
14-22-9 OR140862 OR294920 G1 hp5
14-22-11 OR140866 OR294921 G1 hp5
14-22-12 OR140867 OR294922 G1 hp31
14-22-13 OR140870 OR294923 G1 hp32

North-Kazakhstan region 15-22-14 OR140877 OR294924 G1 hp33
15-22-15 OR140880 OR294925 G1 hp33
15-22-16 OR140893 OR294926 G1 hp5
15-22-17 OR140910 OR294927 G1 hp34
15-22-18 OR140891 OR294928 G1 hp35

East-Kazakhstan region 16-22-16 OR140892 OR294929 G1 hp36
16-22-17 OR140899 OR294930 G1 hp12
16-22-18 OR140898 OR294931 G1 hp37
16-22-19 OR140906 OR294932 G1 hp38
16-22-21 OR140911 OR294933 G1 hp5

co×1 = Cytochrome c oxidase subunit 1
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of mt haplotypes based on the concatenated sequences 
was constructed (Table-1).
Phylogenetic analysis

These samples were subjected to bioinformatic 
analysis, and the resulting sequences were deposited 
on the NCBI GenBank platform for further reference.

The obtained sequences were manually edited 
and sequence similarity searches compared to the 
GenBank reference sequences were performed using 
BLAST (https://blast.ncbi.nlm.nih.gov/BLAST/). 
Nucleotide sequences for concatenated cox1 and nad1 
partial genes were aligned with the MUSCLE multi-
ple sequence alignment algorithms.

Analysis of the concatenated sequences of the 
two partial genes revealed that all samples belonging 
to E. granulosus were grouped together. A tree was 
rooted with an out-group by Mesocestoides spp. to 
produce this grouping (Figure-1).

A set of 84 nucleotide sequences was analyzed 
using the ML method and the Tamura-Nei model [11] 
to analyze the evolutionary history of a set of the 
resulting tree diagram, drawn on a scale, displays the 
relationships between sequences with branch lengths 
measured in terms of the number of substitutions per 
site. A tree with the highest log likelihood (11369.25) 
is presented, and the proportion of sites where at 
least one unambiguous base is present in at least one 

sequence for each descendent clade is indicated next 
to every internal node in the tree. The final dataset 
contained a total of 2551 positions.

Various point mutations were identified and ana-
lyzed after aligning the sequences. Table-2 summa-
rizes the study findings, which highlight the specific 
positions of nucleotide variations observed in ana-
lyzed sequences.

After analyzing the mt cox1 and nad1 gene 
sequences, 25 polymorphic sites were identified via 
alignment. According to parsimonious analysis, 76% 
(19/25) of these polymorphic sites were informative.
Genetic profile of E. granulosus

After performing a thorough haplotype analysis, 
the essential focal haplotype was identified and used 
to configure E. granulosus s.s. in a circular orienta-
tion. Among the 73 samples tested, 38 unique haplo-
types were identified, with the main haplotype (hp 5) 
accounting for 30.13% (22 out of 73) of the samples 
(Figures-2 and 3; Table-1).

The findings presented in Table-3 of the cur-
rent report indicate that the nad1 gene exhibits an 
increased number of haplotype variations and nucle-
otide differences.

The analysis indicates that the mt nad1 gene under-
goes a higher number of mutations than the cox1 gene, as 
evidenced by the large number of haplotypes observed. 

Figure-1: Maximum Likelihood phylogenic tree from concatenated sequences of partial genes cox1 and nad1 showing 
relationships between the examined Kazakhstan isolates and GenBank retrieved related sequences of E. granulosus from 
neighborhood countries. (*outgroup marked with red dot, E. granulosus studied in this research belong to the genotype G3 
marked with blue sing). E. granulosus=Echinococcus granulosus.
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Table-3: DnaSP output showing diversity and neutrality indices.

DNA n H hd Tajima’s D Fu’s Fs FLD p-value FLF p-value

E.g., co×1 76 5 0.352 −2.44548 −0.285 −6.26037 p < 0.01 −5.59824 p < 0.01
E.g., nadh1 74 34 0.843 −2.51838 −23.352 −4.86860 p < 0.02 −4.46276 p < 0.02

co×1 = Cytochrome c oxidase subunit 1, FLD=Fu and Li’s D test, FLF=Fu and Li’s F statistical test

In addition, the haplotype diversity of the nad1 gene was 
significantly higher, with an indicator value of 0.843 
compared to cox1 of 0.352. In addition, the analysis 
highlights a noteworthy observation regarding the sig-
nificantly high negative value of Fu’s Fs indicator for the 
nad1 gene (23.352). This observation could be indicative 
of recent population expansion or natural selection.

The analysis of haplotypes involved the exam-
ination of concatenated mt region of cox1 and nad1 

marker regions. Figure-2 clearly illustrates these hap-
lotypes, where each haplotype is differentiated by a 
unique color. The detailed analysis provides a com-
prehensive overview of the genetic variation within 
the studied population.
Discussion

E. granulosus sensu stricto (s.s.) is widely recog-
nized as one of the most prevalent genotypes respon-
sible for cystic Echinococcus (CE) worldwide [13]. mt 

Figure-2: The haplotype network for the concatenated mt cox1 and nad1 genes of Echinococcus granulosus. The size of 
the circles is proportional to the frequency of each haplotype. The number of mutations separating haplotypes is indicated 
by dash marks. Hap=Haplotype, mt=mitochondrial, cox1=Cytochrome c oxidase subunit 1.

Figure-3: Geographical locations of haplotypes analyzed in the study. The colors of circles on the map are indicated in 
accordance with the haplotype, and the number of identified haplotypes is shown inside the circle [Source: https://www.
qgis.org/en/site/about/].
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cox1 and NADH dehydrogenase subunit 1 (nad1) genes 
serve as crucial evolutionary markers to distinguish 
inter- and intra-specific variants. Asexual reproduction 
of Echinococcus spp. occurs during the larval stage, 
which can result in numerous genetic mutations and 
variations at both the genus and species level [14, 15].

In the present study, we performed thorough 
analyses to identify the specific genotypes and hap-
lotypes of Echinococcus cysts that were selected from 
the cattle population. The aim of this study was to gain 
a comprehensive understanding of the genetic makeup 
of these cysts, which would enable us to develop more 
effective strategies for their management and control.

Because only a few studies have addressed the 
genetic diversity of the parasite in Kazakhstan [16–18], 
we sequenced partial mt genes of cox 1 (450 bp) and 
nad 1 (1200 bp) in cattle metacestodes.

Figure-2 provides a clear visual representation 
of the widespread distribution of haplotype 5 across 
the country, with the presence of haplotype 5 being 
detected in 10 distinct regions. Significantly, haplo-
type 5 is also an ancestral haplotype, which is further 
important to its prevalence and distribution. The infor-
mation presented in Figure-2 highlights the possibil-
ity of a specific genetic variant spreading and visually 
represents the extensive prevalence of echinococcosis 
across the entire country.

Our research on genotyping revealed two dis-
tinct types of genotypes: G1 and G3. The G3 geno-
type was found exclusively in the Aktobe region. The 
genotypes G1 and G3 were classified into different 
haplotypes when constructing the haplotype network. 
Romig et al. [19] also observed a low level of differen-
tiation between G1 and G3 in the haplotype network. 
In general, the results of the current study demonstrate 
low nucleotide diversity but high haplotype diversity. 
Two genes were negative for Tajima’s D, suggesting 
population expansion or purifying selection. Recent 
population expansion or hitchhiking in E. granulo-
sus s.s. can be attributed to the significantly higher 
negative Fu’s Fs values in mt nad1 (23.352) than 
in cox1 (0.285) gene sequence comparison, which 
revealed the presence of rare haplotypes. Fu’s Fs test 
was created on the basis of haplotype distribution.

CE is prevalent in North Caucasus, 
Transcaucasia, Kazakhstan, Russia, Kyrgyzstan, 
Uzbekistan, Moldova, Ukraine, and Turkey, where 
livestock breeding is common [20–23]. The increase 
in the incidence of CE can be attributed to changes 
in agricultural practices following the collapse of the 
Soviet Union in 1991, which led to the introduction 
of private slaughterhouses in the backyard and subse-
quently to the promotion of dog infection. This disease 
is more common in rural areas where livestock are 
reared. Several factors contribute to the persistence of 
CE, including frequent illegal and home slaughtering 
of animals for food, feeding of raw offal to dogs, low 
public awareness of the disease, large populations of 
stray dogs, and poor hygiene conditions [24, 25].

Conclusion

The findings of our research indicate that 
Echinococcus in Kazakhstan has two distinct genetic 
variations (G1 and G3). Our analysis showed that 
the G3 genotype is predominant in a specific region, 
whereas the G1 genotype is prevalent throughout 
the country. As the first study of its kind on the ter-
ritory of Kazakhstan, our research is highly signifi-
cant in understanding the genetic characteristics of 
Echinococcus and its potential implications for pub-
lic health. In addition, our study highlights the need 
to continue monitoring the spread of echinococcosis 
throughout the country.
Authors’ Contributions

VK: Contributed to the conception and designed 
the study and drafted, revised, and finalized the man-
uscript for submission. RU and AS: Performed DNA 
extraction and PCR, interpreted the data, and per-
formed phylogenetic analysis, and drafted the man-
uscript for submission. SY, AA, and KJ: Collected 
samples and performed parasitological isolation 
and typing. LL and AT: Analyzed the data and per-
formed the statistical analyses. All authors have read, 
reviewed, and approved the final manuscript.
Acknowledgments

This study was supported by the Ministry 
of Science and Higher Education of the Republic 
of Kazakhstan to frame project AP14869645 
for 2022–2024. The authors are grateful to the 
“Committee of Veterinary Supervision and Control” 
of the Republican State Institution under the Ministry 
of Agriculture of the Republic of Kazakhstan for facil-
itating the collection of biological material.
Competing Interests

The authors declare that they have no competing 
interests.
Publisher’s Note

Veterinary World remains neutral with regard 
to jurisdictional claims in published map and institu-
tional affiliation.
References
1. Deplazes, P., Rinaldi, L., Alvarez Rojas, C.A., 

Torgerson, P.R., Harandi, M.F., Romig, T., Antolova, D., 
Schurer, J.M., Lahmar, S., Cringoli, G., Magambo, J., 
Thompson, R.C. and Jenkins, E.J. (2017) Global distribu-
tion of alveolar and cystic echinococcosis. Adv. Parasitol., 
95: 315–493.

2. Bowles, J., Blair, D. and McManus, D.P. (1992) Genetic 
variants within the genus Echinococcus identified by mito-
chondrial DNA sequencing. Mol. Biochem. Parasitol., 
54(2): 165–173.

3. Knapp, J., Nakao, M., Yanagida, T., Okamoto, M., 
Saarma, U., Lavikainen, A. and Ito, A. (2011) Phylogenetic 
relationships within Echinococcus and Taenia tapeworms 
(Cestoda: Taeniidae): An inference from nuclear pro-
tein-coding genes. Mol. Phylogenet. Evol., 61(3): 628–638.

4. Hüttner, M., Nakao, M., Wassermann, T., Siefert, L., 



Veterinary World, EISSN: 2231-0916 770

Available at www.veterinaryworld.org/Vol.17/April-2024/4.pdf

Boomker, J.D., Dinkel, A., Sako, Y., Mackenstedt, U., 
Romig, T. and Ito, A. (2008) Genetic characterization and 
phylogenetic position of Echinococcus felidis (Cestoda: 
Taeniidae) from the African lion. Int. J. Parasitol., 38(7): 
861–868.

5. Saarma, U., Jõgisalu, I., Moks, E., Varcasia, A., 
Lavikainen, A., Oksanen, A., Simsek, S., Andresiuk, V., 
Denegri, G., González, L.M., Ferrer, E., Gárate, T., 
Rinaldi, L. and Maravilla, P. (2009) A novel phylogeny 
for the genus Echinococcus, based on nuclear data, chal-
lenges relationships based on mitochondrial evidence. 
Parasitology, 136(3): 317–328.

6. Scott, J.C., Stefaniak, J., Pawlowski, Z.S. and McManus, D.P. 
(1997) Molecular genetic analysis of human cystic hydatid 
cases from Poland: identification of a new genotypic group 
(G9) of Echinococcus granulosus. Parasitology, 114(Pt1): 
37–43.

7. Lavikainen, A., Lehtinen, M.J., Meri, T., Hirvelä-Koski, V. 
and Meri, S. (2003) Molecular genetic characterization of 
the Fennoscandian cervid strain, a new genotypic group 
(G10) of Echinococcus granulosus. Parasitology, 127(Pt 
3): 207–215.

8. Snábel, V., Altintas, N., D’Amelio, S., Nakao, M., Romig, T., 
Yolasigmaz, A., Gunes, K., Turk, M., Busi, M., Hüttner, M., 
Sevcová, D., Ito, A., Altintas, N. and Dubinský, P. (2009) 
Cystic echinococcosis in Turkey: Genetic variability and 
first record of the pig strain (G7) in the country. Parasitol. 
Res., 105(1): 145–154.

9. Alvarez Rojas, C.A., Romig, T. and Lightowlers, M.W. 
(2014) Echinococcus granulosus sensu lato genotypes 
infecting humans--review of current knowledge. Int. J. 
Parasitol., 44(1): 9–18.

10. Bowles, J. and McManus, D.P. (1994) Genetic characteriza-
tion of the Asian Taenia, a newly described taeniid cestode 
of humans. Am. J. Trop. Med. Hyg., 50(1): 33–44.

11. Tamura, K., Stecher, G. and Kumar, S. (2021) MEGA11: 
Molecular evolutionary genetics analysis version 11. Mol. 
Biol. Evol., 38(7): 3022–3027.

12. Clement, M., Posada, D. and Crandall, K.A. (2000), TCS: 
A computer program to estimate gene genealogies. Mol. 
Ecol., 9(10): 1657–1659.

13. Kinkar, L., Laurimäe, T., Acosta-Jamett, G., Andresiuk, V., 
Balkaya, I., Casulli, A., Gasser, R.B., van der Giessen, J., 
González, L.M., Haag, K.L., Zait, H., Irshadullah, M., 
Jabbar, A., Jenkins, D.J., Kia, E.B., Manfredi, M.T., 
Mirhendi, H., M’rad, S., Rostami-Nejad, M., Oudni-
M’rad, M. and Saarma, U. (2018) Global phylogeog-
raphy and genetic diversity of the zoonotic tapeworm 
Echinococcus granulosus sensu stricto genotype G1. Int. J. 
Parasitol., 48(9–10): 729–742.

14. Khan, A., Ahmed, H., Simsek, S., Shahzad, K., Celik, F., 
Afzal, M.S., Khan, M.R., Liu, H., Shen, Y. and Cao, J. 
(2021) Haplotype comparisons of Echinococcus granulosus 

sensu lato via mitochondrial gene sequences (co1, cytb, 
nadh1) among Pakistan and its neighbouring countries. 
Parasitology, 148(9): 1019–1029.

15. Kesik, H.K., Celik, F., Kilinc, S.G., Simsek, S., Ahmed, H., 
Shen, Y. and Cao, J. (2022) Genetic diversity and haplotype 
analysis of cattle hydatid cyst isolates using mitochondrial 
markers in Turkey. Pathogens, 11(5): 519.

16. Torgerson, P.R., Shaikenov, B.S., Baitursinov, K.K. and 
Abdybekova, A.M. (2002) The emerging epidemic of echi-
nococcosis in Kazakhstan. Trans. R. Soc. Trop. Med. Hyg., 
96(2): 124–128.

17. Torgerson, P.R., Shaikenov, B.S., Rysmukhambetova, A.T., 
Ussenbayev, A.E., Abdybekova, A.M. and Burtisurnov, K.K. 
(2003) Modelling the transmission dynamics of 
Echinococcus granulosus in dogs in rural Kazakhstan. 
Parasitology, 126(Pt 5): 417–424.

18. Abdybekova, A., Sultanov, A., Karatayev, B., 
Zhumabayeva, A., Shapiyeva, Z., Yeshmuratov, T., 
Toksanbayev, D., Shalkeev, R. and Torgerson, P.R. (2015) 
Epidemiology of echinococcosis in Kazakhstan: An update. 
J. Helminthol., 89(6): 647–650.

19. Romig, T., Ebi, D. and Wassermann, M. (2015) Taxonomy 
and molecular epidemiology of Echinococcus granulosus 
sensu lato. Vet. Parasitol., 213(3–4): 76–84.

20. Šnábel, V., Kuzmina, T.A., Antipov, A.A., Yemets, O.M., 
Cavallero, S., Miterpáková, M., D’Amelio, S., Antolová, D., 
Vasilková, Z. and Sałamatin, R. (2022) Molecular study of 
Echinococcus granulosus Cestodes in Ukraine and the first 
genetic identification of Echinococcus granulosus sensu 
stricto (G1 genotype) in the country. Acta Parasitol., 67(1): 
244–254.

21. Chihai, O., Umhang, G., Erhan, D., Boué, F., Tălămbuţă,  N., 
Rusu, Ş. and Zamornea, M. (2016) Slaughterhouse sur-
vey of cystic echinococcosis in cattle and sheep from the 
Republic of Moldova. J. Helminthol., 90(3): 279–283.

22. Counotte, M.J., Minbaeva, G., Usubalieva, J., 
Abdykerimov, K. and Torgerson, P.R. (2016) The Burden of 
zoonoses in Kyrgyzstan: A systematic review. PLoS Negl. 
Trop. Dis., 10(7): e0004831.

23. Borhani, M., Fathi, S., Darabi, E., Jalousian, F., Simsek, S., 
Ahmed, H., Kesik, H.K., Hosseini, S.H., Romig, T., 
Harandi, M.F. and Mobedi, I. (2021) Echinococcoses in 
Iran, Turkey, and Pakistan: Old diseases in the new millen-
nium. Clin. Microbiol. Rev., 34(3): e0029020.

24. Torgerson, P.R. and Budke, C.M. (2003) Echinococcosis-
-an international public health challenge. Res. Vet. Sci., 
74(3): 191–202.

25. Possenti, A., Manzano-Román, R., Sánchez-Ovejero, C., 
Boufana, B., La Torre, G., Siles-Lucas, M. and Casulli, A. 
(2016) Potential risk factors associated with human cys-
tic echinococcosis: Systematic review and meta-analysis. 
PLoS Negl. Trop. Dis., 10(11): e0005114.

********




