Eurasian Journal of Applied Biotechnology. Ne.3, 2022

UDC 619:616.995.121.56

Original articles

GASTROINTESTINAL HELMINTHIASES OF DOGS WITH MOLECULAR GENETIC
IDENTIFICATION OF ECHINOCOCCOSIS

Abdybekova A. M, Yalysheva S.V2, Zhaksylykova A.A', Uakhit R.S.%, Kiyan V.S.**

! Kazakh Scientific Research Veterinary Institute, 223, Raiymbek avenue, Almaty, 050016, Kazakhstan

2 Al-Farabi Kazakh National University, 71, Al-Farabi avenue, Almaty, 050040, Kazakhstan

* Kazakh Agrotechnical University named after S. Seifullin, 62, Zhenis avenue, Nur-Sultan, 010011, Kazakhstan.
* National Center for Biotechnology, 13/5, Korgalzhin Highway, Nur-Sultan, 010011, Kazakhstan

*yskiyan@gmail.com

ABSTRACT

Echinococcosis is a serious zoonotic disease caused by a larval stage of the tapeworm from genus Echinococcus. Dogs
act as definitive hosts and infect humans and farm animals. The article presents the results of a study of feces of 1020 dogs
from Zhambyl, Kyzylorda, Turkestan, Almaty, Zhetysu, Karaganda, Aktobe, Pavlodar and Akmola regions for Echinococcus
granulosus, collected in 2021-2022. Eggs of Taeniia spp., Toxocara canis, Toxascaris leonina, Trichuris vulpis, Ancylostoma
caninum were found using copro-ovoscopy methods. Helminth samples were differentiated by amplification and sequencing
using the Ef7a translation elongation factor marker gene. Based on the analysis of the nucleotide sequences of 22 egg samples,
two samples were identified as E. granulosus. Based on the G protein primer, the G1 genotype was established. These samples
were deposited in the NCBI GenBank database (accession numbers ON630760 and ON630761). For the first time, molecular
genetic characterization of the echinococcosis causative agent in the final hosts was carried out in Kazakhstan.
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INTRODUCTION

Echinococcosis is a zoonosis caused by cestodes of the
genus Echinococcus (family Taeniidae). This serious and
near-cosmopolitan disease continues to be a significant pub-
lic health issue [1]. The World Health Organization (WHO)
has listed echinococcosis as one of the 17 neglected diseases
targeted for control or elimination by 2050 [2]. In Kazakh-
stan the incidence rate continues to be high, especially in the
southern part of the country [3].

Since dogs are widely used as service animals, they play
an important role as disseminators of a number of danger-
ous helminthiases of humans and animals due to their preda-
tory origin and peculiarities of use, maintenance, feeding, ac-
tivity. In distant-pasture livestock rearing husbandries herd
dogs with loose keeping form the packs of dogs, what con-
tributes to the formation of particular parasitic communities
on these farms depending on many natural and anthropogenic
factors [4].

According to Abdybekova A.M. in the study of over a
thousand dogs from the Almaty, Zhambyl and South Kazakh-
stan regions of Kazakhstan, including 418 herd dogs from 15
farms and 694 villages dogs from 10 settlements, 8 species
of helminths were registered, five of which are Echinococcus
granulosus, Taenia hydatigena, Multiceps multiceps, Dipylid-
ium caninum, Toxocara canis - met in mass quantities, the rest
(Taenia pisiformis, Taenia ovis, Toxocara leonina) - sporad-
ically, in the form of isolated cases. In the study of shepherd
dogs in Almaty, Zhambyl and South Kazakhstan regions, the
infection rate was Taenia hydatigena - 38.99%, Echinococ-
cus granulosus - 25.36%, Toxocara canis - 14.83%, Multiceps
multiceps - 13.40%. Low infection was noted by Taenia ovis
- 0.24%, Dipylidium caninum - 5.50%. A high infestation of
village dogs with taeniids was also noted: Taenia hydatigena
- 21.61%, Taenia pisiformis - 1.44%, Echinococcus granulo-
sus - 2.16%, Multiceps multiceps - 2.59%. In stray dogs living
in anthropogenic zones, the most widespread helminths with a

high intensity of invasion were D.caninum (55.5-85.7%) and
T.canis (18.1-33.3%). The study was carried out in 2002-2005
and the infection rate in dogs was determined using diagnos-
tic deworming of dogs with a 1% aqueous solution of hydro-
bromic arecoline [5].

In 2017, to determine the epizootological and epidemio-
logical role of carnivores in the dissemination of helminthi-
ases that are dangerous for both animals and humans, scien-
tists from the Kazakh Scientific-Research Veterinary Institute
studied the feces of dogs from various rural districts of 12 re-
gions of the republic (Almaty, Kyzylorda, Zhambyl, South
Kazakhstan, Aktobe, West Kazakhstan, Kostanay, North Ka-
zakhstan, Pavlodar, Akmola, Karaganda, East Kazakhstan).
According to the results of studies the infected with Taenia sp.
village dogs were found in 4 regions of the republic: Almaty
region - (EI-35%), Karaganda (EI 16.66 - 41.66%), North Ka-
zakhstan (EI 5 - 16.66%), Kostanay (EI 3.03 - 40%) [5]. In
2019, out of 271 investigated samples, 15 (15.46%) samples
contained eggs of Taenia sp. with Al 1 - 188 eggs [6].

The aim of this study is to investigate the infection of
dogs with taeniids by coproovoscopic methods and to identify
Echinococcus granulosus using PCR and DNA sequencing.

MATERIALS AND METHODS

Parasitological methods

In order to evaluate the incidence of dog intestinal hel-
minths 820 samples of dog feces were taken from Zhambyl,
Kyzylorda, Turkestan, Almaty, Karaganda, Aktobe, Pavlodar
and Akmola regions (8 regions of the Republic of Kazakh-
stan) in 2021.

In the spring of 2022 feces from 200 dogs of various ser-
vice purposes were taken in 13 rural districts (Ulkenshygan,
Pinzhim, Ulkenagash, Baskunchi, Birlik, Koktal, Usharal, Ch-
ulakai, Taldy, Sarybel, Zhaskent, Aydarly, Konyrolen), in the
city of Zharkent, Panfilov district, Zhetysu region and in the
city of Taldykorgan, Zhetysu region.
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A total of 1020 samples of dog feces were studied using
the Darling method. Species identification of eggs was car-
ried out according to V.F. Kapustin [7], S.N. Boev et al. [8],
N.V. Demidov [9].

Extensiveness of invasion counted using the formula:

m
p=—-100%
" ©F
where, p is the proportion of infected animals;
m is the number of infected animals;
n - sampling size.
The invasion intensity was determined by counting the av-
erage number of eggs in each test sample of dog feces.
Molecular methods
DNA extraction and PCR analysis

To isolate DNA, taeniid eggs were collected from con-
taminated faecal samples by serial dilution in water and cen-
trifugation. The obtained fraction with eggs was incubated in
artificial gastric juice for 30 min at 50°C. Next, an alkaline
treatment was carried out to destroy the protective wall of the
eggs [10]. After that, further DNA isolation was carried out

ware (v.11).

RESULTS

In Zhambyl region from 100 collected dog faecal samples
none of helminth eggs were found. In Kyzylorda region from
100 collected dog faecal samples in 13 (13%) samples 7oxo-
cara canis eggs were detected with the invasion intensity of
3-41 eggs in one field of view of the microscope. In Turkes-
tan region from 100 collected dog faecal samples none of hel-
minth eggs were found.

In Almaty region from 200 collected dog faecal samples
18 were infected with various types of helminths. The exten-
siveness of invasion was 9%, the invasion intensity was 1-17
eggs. Of the 18 infected dogs, 10 (55.55%) had eggs of Tae-
nia spp. with the invasion intensity 1-17 eggs (Figure 1), 7
(38.88%) dogs had Toxocara canis eggs with the invasion in-
tensity 3-41 eggs, 2 (11.11%) dogs had Toxascaris leonina
eggs with the invasion intensity 1-14.

In Karaganda region from 50 collected samples in 15
(30%) samples Toxocara canis eggs with the invasion inten-
sity 1-51 were found, eggs of Taenia spp. were found in 1
sample with the invasion intensity 25 eggs.

w7
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In Aktobe region from 70 collected dog faecal samples

Figure 1 - Eggs of Taenia spp.

using a commercial kit Qiamp, Qiagen.

The amount and purity of the isolated DNA could be de-
termined by measuring the absorbance at 260 and 280 nm us-
ing a NanoDrop 2000 instrument (Thermo Scientific, USA).
DNA was dissolved in ddH20 and stored at —70°C.

PCR was performed in 25 pul reaction mixture contain-
ing 10x Taq buffer with (NH4)2S04, 2.5 mM MgCI2, 1 U
Taq DNA polymerase and 200 uM dNTP (Thermo Scientific,
Carlsbad, CA, USA), 10 pmol of each primer and 20 ng of the
extracted taeniid sample DNA as a template. Thermal reac-
tions were carried out for 25 cycles of denaturation (94°C, 30
s), annealing (56°C, 30 s), and elongation (72°C, 30 s). The
resulting restriction fragments were separated by electropho-
resis on ethidium bromide containing 1.5% agarose gel us-
ing 1x TAE buffer.

DNA obtained from parasite eggs was used as a template
for amplification of the mitochondrial gene Efla extension
factor 1 alpha. PCR was set using primers E. granulosus sensu
stricto EflaF (F: TCCTAACATGCCTTGGTAT) and EflaR
(R: GTTACAGCCTTGATCACG) (Boubaker, 2013) to deter-
mine the G1-G3 genotype [11].

Bioinformatics analysis

Multiple alignment of the obtained sequences was per-
formed using the ClustalW algorithm in the MEGA (v.11)
program [12]. The phylogenetic analysis was constructed by
the maximum likelihood (ML) method using the MEGA soft-
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none of helminth eggs were found.

In Pavlodar region from 100 collected dog faecal samples
Toxocara canis eggs with the invasion intensity 1 egg were
found in 1 (1%) sample, larvae of nematodes with the inva-
sion intensity 2-3 larvae were detected in 2 samples (2%).

In the Akmola region from 100 the invasion intensity
Toxocara canis eggs with the invasion intensity 1-25 eggs
were found in 4 (4%) samples, 1 egg of Taenia spp. in 1 sam-
ple.

As a result of a scatological study, out of 200 dogs (from
the Zhetysu region), 20 were infected with various species of
helminths. The extensiveness of invasion was 10%, the the
invasion intensity was 1-35 eggs. Of 20 infected dogs, 14
(70%) had eggs from . with the invasion intensity 1-35 eggs,
in 3 dogs (15%) Toxascaris leonina with the invasion inten-
sity 4-14 eggs (Figure 2A), in 2 (10%) Toxocara canis eggs
with the invasion intensity 1-4 (Figure 2B), in 2 (10 %) Trich-
uris vulpis eggs with the invasion intensity 1-13 (Figure 2C),
in 2 (10%) Ancylostoma caninum with the invasion intensity
1-3 eggs (Figure 2D). Thus, according to the results of a scat-
ological study of 200 dogs, 14 (EI 7%) were found to have
eggs of helminths of the family Taeniidae.

To identify Echinococcus granulosus by PCR, 22 sam-
ples of dog feces from Zhetysu, Almaty, Karaganda and Ak-
mola regions were studied, in which eggs of helminths of the
Taeniidae family were found (table 1).
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Figure 2 - Helminth eggs in the feces of dogs in the Zhetysu region

Table 1 — Dog faecal samples with eggs of helminths of Taeniidae family

sf;;lfe Locality Region The number of taeniid eggs
1 Taldykorgan Zhetysu region 2
2 Taldykorgan Zhetysu region 1
3 Taldykorgan Zhetysu region 15
4 Taldykorgan Zhetysu region 1
5 Birlik rural district Zhetysu region Panfilovsky district 3
6 Sarybel rural district Zhetysu region Panfilovsky district 2
7 Koktal rural district Zhetysu region Panfilovsky district 1
8 Ulken Agash rural district Zhetysu region Panfilovsky district 9
9 Taldykorgan Zhetysu region 1
10 Taldykorgan Zhetysu region 13
11 Ulken Shagan rural district Zhetysu region Panfilovsky district 35
12 Taldykorgan Zhetysu region 15
13 Taldykorgan Zhetysu region 4
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14 Zharkent Zhetysu region Panfilovsky district 2
Almaty region
15 Boleksaz rural district 2
Raimbek district
Almaty region
16 Boleksaz rural district 1
Raimbek district
Almaty region
17 Karatogan rural district 11
Raimbek district
Almaty region
18 Boleksaz rural district 1
Raimbek district
19 Zharkent Zhetysu region Panfilovsky district 2
Almaty region
20 Kegen rural district 8
Raimbek district
21 Sadovoye village Karagandy region 25
22 Nur-Sultan Akmola region 1

According to the results of PCR analysis using specific
primers, DNA of Echinococcus granulosus sensu stricto was
isolated in 2 samples - 8 and 11 (Figure 3). The molecular
weight of the PCR products was 706 bp.

From the data obtained, it can be concluded that Echino-
coccus granulosus was detected only in dogs in the rural dis-

M UL d e kanhin g Sl cRe 90 80 111 K+ K-

M 12 13 14 15 16 17 18 19 20 21 22 K+ K-

Figure 3 — M — marker (Gene Ruler 100 bp Plus DNA Ladder), 1-22 -
studied samples from dogs, K- - negative control, K+ - positive control.

tricts of Ulken-Agash and Ulken Shagan, Panfilov district,
Zhetysu region.

Subsequently, the obtained positive amplicons of PCR
analysis with a molecular weight of 706 bp. were used for
Sanger sequencing (Applied Biosystems SeqStudio) fol-
lowed by bioinformatic analysis of the resulting nucleotide
sequences. Data entered into the GenBank database (access
numbers ON630760, ON630761)

The evolutionary history was inferred by using the Max-
54

imum Likelihood method and Tamura-Nei model [13]. The
tree with the highest log likelihood is shown. Initial tree(s) for
the heuristic search were obtained automatically by applying
Neighbor-Join and BioNJ algorithms to a matrix of pairwise
distances estimated using the Tamura-Nei model, and then
selecting the topology with a superior log likelihood value.
The tree is drawn to scale, with branch lengths measured in
the number of substitutions per site. The proportion of sites
where at least 1 unambiguous base is present in at least 1 se-
quence for each descendent clade is shown next to each in-
ternal node in the tree. There were a total of 651 positions in
the final dataset. Evolutionary analyses were conducted in
MEGAT11 [12].

Thus, according to the results of scatological studies,
taeniid eggs were found in dogs in Almaty, Karaganda, Ak-
mola and Zhetysu regions. In total, taeniid eggs were found
in 22 faecal samples out of 1020 examined in 9 regions of the
Republic of Kazakhstan. Echinococcus granulosus was con-
firmed by PCR in 2 dog feces samples from Zhetysu region.

Discussion

According to the results of the study, it was found that the
infection rate of dogs from Zhambyl, Kyzylorda, Turkestan,
Almaty, Karaganda, Aktobe, Pavlodar and Akmola regions
(8 regions of the Republic of Kazakhstan) with gastrointes-
tinal parasites is at a low level. One of the probable reasons
for the decrease in infection of domestic dogs with echino-
coccosis is the regular deworming of dogs. This is supported
by the fact that infection with other species of helminths is
also low. According to the latest statistical studies, there is a
downward trend in the human incidence of echinococcosis in
the country. However, there is an increase in certain regions
of the country [3].

In this study, the molecular genetic characterization of the
causative agent of echinococcosis in domestic dogs was car-
ried out for the first time. The genotypes found in two samples
belong to the species Echinococcus granulosus sensu stricto
(genotypes G1 and G3), which is the most common in the
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Figure 4 - Evolutionary analysis by the maximum likelihood method. Scale bar shown (14.00 discrepancy).

world and causes the vast majority of cases of echinococco-
sis in humans [14]. This species is widespread globally, par-
ticularly in rural livestock-raising areas. In Kazakhstan geno-
types were previously studied but in intermediate hosts only
— the presence of Echinococcus granulosus sensu stricto G1
and G3 in cattle, sheep and Echinococcus canadensis (G6/G7
strain) in sheep was described [15]. Further study of Echino-
coccus granulosus genotypes in definitive and intermediate
hosts is needed.

Conclusion

In conclusion, dogs pose a potential public health hazard
by infecting humans with parasitic diseases. Close human
contact with dogs, lack of deworming practices, and favorable
climatic conditions are factors promoting the survival of
infective stages of canine helminth parasites. The general
public and dog owners should be aware of the danger of
infection and take the necessary precautions. In order to
control echinococcosis, veterinary services should monitor
and deworm dogs regularly.
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AHHOTAIUA

DXHHOKOKKO3 — TSDKEJIOe 300HO3HOE 3a00JIeBaHue, BBI3BIBAEMOE THYMHOYHON CTauel JICHTOYHOTO YepBs U3 poaa
Echinococcus. Cobaku BBICTYIIAIOT B POJIM OKOHYATENBHBIX X035€B H 3apaKaloT JIFOIEH 1 CeIbCKOX03sHCTBEHHBIX JKMBOTHBIX. B
CTaThe MPEACTABICHBI Pe3yIbTaThl HccienoBanns Gpexanmii 1020 cobak u3 XKamosuickoit, Ker3smopamackoit, TypkecTaHCKO,
AmvartuHckoH, JKeTtricyckoit, Kaparannuackoi, Aktioonnckoi, [TaBnonapckoil 1 AKMONTHHCKO#M obnacteit Ha Echinococcus
granulosus, codpanusix B 2021-2022 rT. ITpr momomnti METoI0B KOITPOOBOCKONUH OBLITH OOHAPYKEHHI sitiia Taeniia spp.,
Toxocara canis, Toxascaris leonina, Trichuris vulpis, Ancylostoma caninum. OGpa3nbl TeTbMHUHTOB TU(PGEPEHIIMPOBAIH Y-
TeM aMIUTU(UKAIINN U CEKBEHUPOBAHMS C MCMOIB30BAaHIEM MapKepHOTro reHa ¢akropa moHTranuu tpancmsinuu Efla. 1o
pe3ynbTaTaM aHalIu3a HyKJICOTHIHBIX MOCIEIOBATEIBHOCTEH 22 po0 AuIl, 1Ba oOpa3ia ObuH HACHTH(HUIIMPOBAHEI Kak E.
granulosus. Ha ocHOBe mipaiimepa, mpeacTaisromnero coboit G-0emok, 661 ycranosneH reHotun G1l. Jlanasie 06pasms! OpuH
nernornpoBanbl B 0a3e manHbx NCBI GenBank (naBenTapusiit Homep ON630760 1 ON630761). Bniepssie B Kazaxcrane mpo-
BeJICHA MOJICKYJISIPHO-TCHETHYECKasl XapaKTePUCTHKA BO3OYIUTENS 5XHHOKOKKO3a Y OKOHYATEJIBHBIX XO35€B.

KiroueBble ¢JIOBa: SXHMHOKOKKO3; COOAKU; KOMPOOBOCKOMHS; rebMUHTRI, [TIL[P; cekBeHHpOBaHHE; 3apasKCHHOCTb.

HUTTEPAIH ACKABAH-INEK I'EJIBMUHTO3JAPBI 9XNHOKOKKO3FA MOJIEKYJIAPJIBIK-
IFEHETUKAJIBIK UIEHTUOUKALNUACBIMEH
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TYUIH

DXUHOKOKKO3 - Echinococcus TYKpIMIIaChIHA )KaTaTBIH AEPHACLT CaTHICHIHAH TYBIHIAFaH aybIp 300HO3/IbI
aypy. Cobaku BBICTYNAIOT B POJIM OKOHYATEIBHBIX X035€B U 3apaXKalOT JIFOAEH U CEITbCKOX03IHCTBEHHBIX
KHUBOTHBIX. ITTEp aKThIK Me O0bIn TaObIaAbI KOHE aJaMaap MEH aybUIIIapyalbUIbIK KaHyapJiapblH
KYKTBIpaspl. B ctaThe npecTaBneHbl pe3ybTaThl uecnenopanus Gpexammii 1020 codak u3 XKamObLUICKOH,
Ks3butopaunckoit, Typkectanckoi, AnmatuHckoi, JKerbicycko, Kaparanaunckoil, Akrioounckoi, [1as-
JOJApCKO 1 AKMOJMHCKOM oOmacreit Ha Echinococcus granulosus, coopanubix B 2021-2022 rr. Maka-
nmana 2021-2022 xeuinapsr XKamoOsut, Ke3seiiopaa, Typkicran, Anmarel, XKericy, Kaparaunbel, Akreoe,
[TaBnomap xone Axmona obnbicTapbiHan kuHairan 1020 urtin Hoxicin Echinococcus granulosus-ka
3epTTey HOTIXKeNepi kenripinreH. KonpooBockomnus aniciMen Taeniia spp., Toxocara canis, Toxascaris
leonina, Trichuris vulpis, Ancylostoma caninum scymvlpmranapol anelkmanowvl. [ eTbMUHTTEPAIH YATLIEP]
Efla TpaHcnsusACHIHBIH 3J0HTaus (PaKTOPBIHBIH MAapKEPJIiK TeHIH KOJIJaHa OTBIPHII, KYIICHTY JKOHE
KYHeney apKbUIbl capaiaHibl. 22 )KYMBIPTKA ChIHAaMachlHa HYKJICOTHATED Ti30€TiH Tanaay HOTHKEIepi
OotipiHIIa eki yarici E. granulosus perinne aHbIKTaidabl. G - aKybI3bl 00JIBIN TaOBUIATHIH TIpaiimMep
Herizinne G1 renoruni ansikranael. byn ynrinep NCBI GenBank nepexrep 6a3acbina (MHBEHTAPIIBIK
HeMipi ON630760 xone ON630761) cakranasl. KazakcTanma anramn peT 3XMHOKOKKO3/BIH aKTBIK He-
JepiHAe SXMHOKOKKO3 KO3IBIPFBIIIBIHBIH MOJICKYIISPIBIK-TeHETUKAJIBIK CUIIATTaMachl SKYPri3iii.

Kiar Co3/iep: DXMHOKOKKO3; UTTEP; KOITPOOBOCKOIHA; T€IBMUHTTED, HTP, CCKBCHUPOBAHUC, I/IH(I)CK-
M.
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