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MORPHOLOGICAL AND GENOTYPIC FEATURES
OF THE POPULATIONS OF FLEAS OF THE GENUS XENOPSYLLA
GLINKIEWICZ, 1907 (SIPHONAPTERA, PULICIDAE)
FROM THE AUTONOMOUS FOCI OF THE CENTRAL ASIAN
NATURAL DESERT PLAGUE FOCUS

Abstract. The paper presents the results of the study of some morphological and genotypic features of fleas of
the genus Xenopsylla: X. gerbilli minax, X. skrjabini, X. hirtipes - the main vectors in the Central Asian natural desert
plague focus. In order to identify population characteristics, for the first time we attempted both morphological
analysis using the ImageJ computer program and subsequent data processing in a free statistical environment R
version 4.0.0 with R Studio graphic shell, as well as genetic analysis of a fragment of a nucleotide sequence of the
COII gene of fleas sampled in Pre-Ustyurt, Betpakdala and Pre-Pre-Balkhash autonomous plague foci. As a result of
the study of morphometric indices of the main plague vectors in Kazakhstan, independent populations of three
species of fleas of the genus Xenopsylla have been identified: the Betpakdala and Pre-Pre-Balkhash populations of X.
gerbilli minax and X. hirtipes, as well as the Pre-Pre-Balkhash, Betpakdala and Pre-Usturt populations of X. skrjabini
fleas.

Keywords: fleas, Xenopsylla, plague, morphometry, DNA, genotyping, populations.

Introduction. Over the past 20 years, despite the absence of outbreaks, plague prevention in
Kazakhstan is one of the important and priority tasks. Plague foci on the territory of the Republic remain
active to this day, occupying about 40% of the territory and stretching from the north-western to south-
eastern borders. A special position is occupied by the Central Asian natural desert plague focus, which is
located in the desert zone, stretching from the eastern coast of the Caspian Sea to the south-east to the
foothills of the Tien Shan [1]. The main host of plague in the Central Asian desert hearth is the great gerbil
Rhombomys opimus, and its main vectors are fleas of the genus Xenopsylla [1, 2, 3]. The number and
distribution of fleas depend on many different factors: natural and climatic, hydrological regime and soil
structure, species, physiological state and gender-age characteristics of the host-feeder [4-7].

Fleas of the genus Xenopsylla, widely distributed in many countries of the world, are the most
numerous, frequently occurring and play an important role in the circulation of zoonotic agents in natural
foci [8, 9]. Fleas of Xenopsylla can feed on many species of animals, including synanthropic animals, and
may participate in the circulation of zoonotic pathogens in domestic animals and humans [10].

Fleas of Xenopsylla belong to a family with a relatively wide range, typical for fauna of tropical and
subtropical belts [8, 9]. They are found in Kazakhstan, Turkmenistan, Uzbekistan, as well as in the deserts
of northern Mongolia, northwest China, eastern Iran, northern Afghanistan and Pakistan. Xenopsylla
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gerbilli minax living in China are genotyped [11], while typing of the genome of fleas of the genus
Xenopsylla in the Central Asian desert plague focus in Kazakhstan has not been previously conducted.

All of the above together served the purpose of our research - to study the genetic and phenotypic
diversity of ecological populations of the plague pathogen transmission fleas from autonomous foci of the
Central Asian natural desert plague focus.

Material and research methods. Studies in the foci were conducted in accordance with the Sanitary
Regulations "Sanitary and epidemiological requirements for the organization and conduction of sanitary
and epidemiological (preventive) measures to prevent infectious diseases (plague, cholera)," approved by
the Government of the Republic of Kazakhstan on January 12, 2012 Ne 32 and the Resolution of the Chief
State Sanitary Inspector of the Republic of Kazakhstan from 27. 11. 2015 Ne 20 "About the sanitary-
epidemiological and prophylactic measures in the territory enzootic by plague of the Republic of
Kazakhstan for 2016-2020.

The material for work served as fleas of genus Xenopsylla caught by employees of anti-plague
stations in three autonomous foci of the Central Asian natural desert plague focus (Pre-Pre-Balkhash,
Betpakdala and Pre-Ustyurt) at carrying out of annual planned epizootological inspection of territories of
natural foci of Kazakhstan on plague according to Sanitary rules. Fleas from the collection of the zoo-
parasitological museum of the Masgut Aikimbaev’s National Scientific Center from the Pre-Pre-Balkhash,
Pre-Ustyurt, Betpakdala and Tienshan plague foci were also studied.

For morphometric studies 681 specimens of fleas of three species of the genus Xenopsylla
(X. hirtipes, X. skrjabini, X. gerbilli minax) were selected and studied from territorially isolated from each
other in the Pre-Balkhash, Betpakdala, Pre-Ustyurt and Tienshan autonomous foci.

For species identification and morphological analysis preparations from fleas were done using
standard methods [12]. Head and bristles of the head were measured using photos of flea preparations
using the Imagel] program [13]. For correct interpretation of the results of the analysis, we used signs
whose variability does not depend on body size [14-16]. In the preliminary stage meristic features that
have a discrete variability were selected, and vary within certain limits, and represent one of the
characteristic features of the external appearance of insects, allow to analyze the variability, do not
undergo changes during the life of an imago: head length, distance between the eye and parietal bristles
and distance between parietal and angular bristles.

Multiple linear regression was used to evaluate the impact on the listed phenotypic features of the
trapping site (region) and sex of insects. Data processing was performed in a free statistical environment
R version 4.0.0 with a graphical shell R Studio [17].

For genetic analysis, 22 specimens identified as X. gerbilli minax were selected from three isolated
plague foci (table 1).

Table 1 - Flea samples taken for genetic analysis

Code Coordinates Autonomous focus
11-B1 10 I1-1, BB-225. Muyunkum N44°30'305” E77°25'802" Pre-Pre-Balkhash
11-B2 10 I1-1, BB-225. Muyunkum N44°30'305" E77°25'802" Pre-Pre-Balkhash
1I-B3 11 I1-4, BB-226. Muyunkum N44°31'140” E77°26'368" Pre-Pre-Balkhash
11-B4 11 I1-4, BB-227, Muyunkum N44° 31' 328" E77°25'928" Pre-Pre-Balkhash
1I-B5 13C-bb-220, Malaisary N44° 31'328" E77°25'928" Pre-Pre-Balkhash
11-B6 13C-BB-220, Malaisary N44° 31'328” E77°25'928" Pre-Pre-Balkhash
1I-B7 13C-2, BB-222, Malaisary N44°18'249" E77°08'137" Pre-Pre-Balkhash
II-Sh1 - II-Sh15 N 45°12', E 67°25"; N 45°38', E 69°21' Betpakdala

DNA was isolated from separate specimens using Qiamp DNA minikit for tissue protocol (Qiagen,
Hilden, Germany). The samples were previously homogenized by shaking with a glass and steel ball and
TissueLyser using the protocol.

Composition of the reaction mixture: Insect-A-tLEU and Insect-B-Tlys primers with 20 pmols each in
the reaction; 75 mMTris-HCI (pH 8.8 at 25°C), 20 mM (NH4)2S04, 0.01% (volume/volume) Twin 20;
DNTF in concentration of 200 nM each; 2 units of Taq DNA polymerase; magnesium ions 2.5 mM;
R. opimus DNA - 3 ng. PCR amplification program: prolonged denaturation 95°C - 3 minutes; 35 cycles
95°C - 20 seconds, 59° - 30 seconds, 72°C - 1 minute; final elongation 7 minutes at 72°C.
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Purification of PCR products was carried out by enzymatic method using Exonuclease I (Ferments)
and alkaline phosphatase (Shrimp Alkaline Phosphatase, Ferments) (Werle et al. 1994). Sequencing was
performed by using the BigDye® Terminator v3.1 Cycle Sequencing Kit (Applide Biosystems) and the
primers used for PCR amplification, according to the manufacturer's instructions. Fragment separation was
carried out on a 3730x] DNA Analyzer (Applide Biosystems) automated genetic analyzer. Quality
assessment and assembly in contigs was performed by using SeqScape 2.6.0 (Applied Biosystems).

Phylogenetic analysis was performed using MEGA 7.0 software. Using the maximum likelihood
method, the Tamura 3-parameter model, discrete Gamma distribution, and Bootstrap 1000. Due to shorter
gene fragments of other species of fleas from the NCBI database 651 b.p were used for phylogenetic
analysis.

Results. For morphometric studies, 681 specimens of fleas of Xenopsylla genus were divided by
species, each species was divided into groups at the place of sampling. Each species was considered
separately.

X. gerbilli minax in the plague foci of Kazakhstan is distributed from the middle current of the Syr-
Darya river to the east through the Betpakdala desert, Kyzylkum and Moyynkum sands, reaches the
Karatal river, then interrupts and the most eastern part of the range lies between Alakol lake and the
eastern border with the People's Republic of China (figure 1).
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Figure 1 - Distribution of X. gerbilli minax in Kazakhstan

368 specimen fleas of this species were divided into 3 groups in their habitat - 147 specimen fleas
collected from the Pre-Balkhash autonomous plague focus, 71 specimens - from the Betpakdala
autonomous plague focus, 150 specimens - from the Tianshan autonomous plague focus, located on the
territory of the People's Republic of China, kept in the zoo-parasitological museum of the Masgut
Aikimbayev National Scientific Center of Especially Dangerous Infections.

X. gerbilli fleas sampled in Dzungarian autonomous plague focus, statistically significantly differed
from the fleas of the same species from other foci by the distance between parietal and angular bristles
(p =0.00149), including after stratification by sex (p = 0.00007).

The area of X. hirtipes in plague foci of Kazakhstan occupies much smaller territory in comparison
with X. gerbilli minax and is mainly connected with sandy areas (figure 2).

137 specimens of fleas of this species were divided into 3 groups in their habitat - 105 specimens of
fleas collected from the Pre-Balkhash autonomous plague focus, 27 specimens - from the Betpakdala
autonomous plague focus. For comparative assessment, we also studied 5 specimens of fleas from the
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Tienshan plague focus located in the territory of the People's Republic of China, stored in the zoo-
parasitological museum of the Masgut Aikimbayev National Scientific Center of Especially Dangerous

Infections.

X hirtipes fleas sampled in the Pre-Balkhash and Betpakdala foci statistically significantly
differed from the fleas other foci by the distance between the ocular and parietal bristles (p = 0,00126 and
0,00025 respectively), as well as by the distance between the parietal and angular bristles (p = 0.00138 and

0.00402 respectively), including after stratification by sex (p = 0.0525 and p = 0.02127).
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Figure 2 - Distribution of X. Airtipes in Kazakhstan

The area of X. skrjabini occupies a significant part of the plague foci of Kazakhstan and stretches
from the north-western coast of the Caspian Sea to the east to the southeast border with China on the

eastern border with the People's Republic of China (figure 3).
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Figure 3 - Distribution of X. skrjabini in Kazakhstan
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176 specimens of fleas of this species were divided into 4 groups in their habitat - 72 specimens of
fleas collected from the Pre-Balkhash autonomous plague focus, 56 specimens - from Betpakdala and
13 specimens from the Pre-Ustyurt plague focus. For comparative assessment, we also studied
35 specimens of fleas from the Tienshan plague focus, located in the territory of the People's Republic of
China, stored in the zoo-parasitological museum of the Masgut Aikimbayev National Scientific Center of
Especially Dangerous Infections.

X. skrjabini fleas from Betpakdala, Pre-Balkhash and Pre-Ustyurt foci of Kazakhstan do not
statistically significantly differ by the distance between the ocular and parietal bristles. Fleas caught in
Betpakdala focus statistically significantly differ from other fleas in terms of head length (p=0, 0355) and
distance between parietal and angular bristles (p=0,0181).

Genotyping and search for population diversity and genome features of the genus Xenopsylla were
performed by analyzing a fragment of the COII gene nucleotide sequence. Phylogenetic analysis clustered
22 samples from Kazakhstan into one treasure with X. gerbilli minax samples. Samples with code A4, AS,
A2, A3 and A10 are located in the same branch. The remaining 17 sequences are completely identical to
the samples from China.
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Figure 4 - Phylogenetic tree based on the analysis of the COXII nucleotide sequence of the genus Xenopsylla
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Discussion. There is an opinion that X. skrjabini, X. gerbilli minax and X. hirtipes branched off in the
second half of the Pleistocene from X. gerbilli gerbilli, which penetrated the territory of Kyzylkum with
great gerbils from the Western Asia. With the penetration of great gerbils to the north distribution of fleas
to new territories took a place and currently species of Xenopsylla genus within their ranges are unevenly
distributed, which is probably due to the environmental, natural and climatic factors [18].

The study of morphological features of flea species sampled at geographically remote sites has
revealed a number of significant differences in size of the head and distance between the parietal and
ocular bristles, as well as between the parietal and angular bristles.

Based on the conducted studies, we can assume that studied flea species belong to different regional
complexes — Pre-Balkhash, Pre-Ustyurt, Betpakdala and Tienshan foci.

Genotyping has shown that fleas Xenopsylla gerbilli minax from China, Western Betpakdala and
Southern Pre-Balkhash are a separate autonomous group of populations.

Conclusions.

o X skrjabini fleas caught in different autonomous foci do not statistically differ from each other
in phenotypic features and probably belong to the same population group.

e X gerbilli minax fleas caught in the Dzungarian autonomous focus are statistically significantly
different from the fleas of their species from other foci by the distance between the parietal and angular
bristles, which may indicate the formation of an independent population of X. gerbilli fleas in the
Dzungarian autonomous plague focus.

e X hirtipes fleas caught in the Pre-Balkhash and Betpakdala foci, statistically significantly
different from the fleas of the same species from other foci on the basis of the distance between the eye
and parietal bristles, as well as the distance between the parietal and angular bristles, which may indicate
the formation of an independent population of fleas of the X. hirtipes in the Pre-Balkhash and Betpakdala
plague foci.

The research was carried out under the grant of the Ministry of Education and Science of the
Republic of Kazakhstan AP05133153 "Popular ecological variants of the host, vector and plague
pathogen in the Central Asian natural desert plague focus".
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3.3. CasikoBa', A. IlleBuos’, B.B. ATtma6ap’, A. PeicGexosa’, A.H. Ky3Heu031, B.II. CagoBckast’,
E.M. Pamanxyios’, C.T. Hyprasun®’, A.A. O6aipacinoBa’, A.B. Ecikanos

"KP JICM «M.AHKbIMGACB aThIHIAFHI 4Ca KAyilTi HHPEKIHIAP YITTHIK FHUTBIMHE OPTATBIFED),
Anmartsl, Kazakcran;
>KP BFM FK «¥a1ThIK GHOTEXHOMOT s opTanbiFby, Hyp-Cynran, Kasakcras;
3 On-Qapabu arerHnarsl Kasak ynTTeIK yaHuBEepcuTeTi, Anmatsl, Kaszakctan

OPTAJIBIK A3UA TABUT'U IOJIJAI OBA OIIATBI ABTOHOM/IbI OINAKTAPBIHBIH
XENOPSYLLA GLINKIEWICZ, 1907 (SIPHONAPTERA, PULICIDAE) TYKBIM/JIAC BYPI'E
nonyJasasusACbIHbBIH MOP®OJIOT'UAJIBIK )KOHE ®EHOTUIITIK EPEKIIEJIKTEPI

Annotanusi. XXymeicta Xenopsylla TykpiMaac OypreHiH keiOip Mopgonorusuislk Oenrisiepi MeH TeHOTHIITIK
SPEeKILENTIKTEePiH 3epTTey HOTMXKeNepi Kenecinen kenripinren: X. gerbilli minax, X. skrjabini, X. Hirtipes — 0o0aHbIH
Optanblk Asus TaOWFW IIOJNAI OIIAFBIHIAFBI HETI3rl TachIMAaJNayIIBICEI OOJNBIN caHajambl. [lOMyISAIUSITBIK
epeKIIeNTiKTep i aHBIKTAYy YIIiH ajFamr peT Image] kommproTepitik OarmapiamMachl apKbUIEI MOP(OJIOTHSIBIK, TalAay
s)koHe RStudio rpaduxansik opraceiMer R 4.0.0 HYCKAacHIHBIH €pKiH CTATHCTUKAIBIK OPTACHIHIA IEPEKTEpIli OHICY
)oHe YcTipTanael, bermaknana xoHe bankam MaHsl aBTOHOMIBI OIIAKTaphIHAA YeTanFaH Oypre reni COIl reHiHiH
HYKJICOTHUATED Ti30eriHiH (parMeHTiHe FeHEeTHKANbIK TalAay *kacaablkK. Kasakcranaa o0aHbIH HETI3rl TackiMaliay-
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IIBICBIHBIH, MOP()OMETPHSIBIK KOPCETKIMTEPiH 3epTTey HOTIKeciHae Xenopsylla TykpiMmac OypreHiH yumI TYpiHIH
Keecijiel JxeKe Moy susIapbl aHblKTaabl: bernaknana sxone bankam MaHbl nonynsuusiapsl — X. gerbilli minax
)koHe X. hirtipes, conpaii-ak bamkam magsl, bermaknana sxone Y cTipTangpl momyisinusuiapsl — X. skrjabini.

Tyiiin ce3nep: 6ypre, Xenopsylla, 0b6a, moppometpus, [JHK, reHoTHIITSY, TOMYIISIIHS.

3.3. CasxoBa, A. llleBuos, b.b. ATma6ap, A. PricnexoBa,
A.H. Ky3neuos, B. I1. CagoBckas, E.M. Pamanky.ios,
C. T. Hypra3un, A.A. Aoaupacuiona, A.b. Ecikanon

'HanmoHabHEIH HAy4HbIH IEHTP 0060 OMacHbIX HH(eKIHii uM. M. AlikumGaesa
MuHucrepceTBa 3apaBooxpanenus Pecrry6oimku Kazaxcran, Ainmartsl, Kazaxcran;
*MakyabTeT 6HOTOrHK 1 GHoTexHOTOrNH, Ka3axCcKuil HAMOHATLHBI YHHBEPCUTET
M. anb-Papabu MuHHCTEpCTBa 00pa3oBaHms U Hayku PecrryOmmku Kazaxcran, Anmarer, Kazaxcran;
3 «HarmoHanbHbli HeHTp GHoTexXHOMOrHm» KoMutera Haykn MuHHCTEpCTBA 0Opa30BaHUs
n Hayku PecrryOmmku Kaszaxcran, Hyp-Cynran, Ka3zaxcran

MOP®OJIOTMYECKUE U TEHOTUITMYECKUE OCOBEHHOCTH MONYJISIAN BJIOX
POJA XENOPSYLLA GLINKIEWICZ, 1907 (SIPHONAPTERA, PULICIDAE) U3 ABTOHOMHBIX
OYAT'OB IEHTPAJIBHO-ABUATCKOI'O TIPUPOJHOI'O ITYCTBIHHOI'O OYAT' A YYMbI

AHHoTamusl. B crathe npHBeneHBl pe3yJbTaThl H3YYCHUS HEKOTOPBIX MOP(OIOTHYECKHX NPU3HAKOB U
TeHOTUNHYECKNX ocoOeHHocTer Onox poxa Xenopsylla: X. gerbilli minax, X. skrjabini, X. hirtipes - OCHOBHBIX
NEePeHOCUNKOB B LIeHTpanbHO-A3MAaTCKOM NPHPOIHOM IYCTBIHHOM odare 4yMmbl. C Lenb0  BBIBICHUS
NONYJISIIMOHHBIX OCOOSHHOCTEH BIIEpBBIC HAMH OBUIM INPEANPUHATHI ITONBITKH MOP(OJIOrHYecKOro aHaim3a C
MTOMOIIIBI0 KOMITBIOTEPHOI mporpammsel ImageJ n 00paboTKH JaHHBIX B CBOOOHOM CTaTHCTUYECKOH cpene R Bepcun
4.0.0 ¢ rpaduueckoii cpenoit RStudio m reHeTnyeckoro aHanmsa pparmMeHTa HyKICOTHIHON MOCIEI0BATEIEHOCTH
COllrena 6mox, ornoBneHHBIX B Ilpexyctioprckom, bernmakxmanmackom u IlpmbanxamickoM aBTOHOMHBIX O4arax
yyMbl. B pesynbrare uncciemoBaHHs MOP(OMETPHYECKHMX IIOKa3aTeNedl OCHOBHBIX IIE€PEHOCUYUKOB YyMBI B
Kazaxcrane ObUIM BBIAEIEHBI CAMOCTOSTEIBHBIE TIOMYJISIMK TPEX BUIOB 070X poaa Xenopsylla: bernaknanuHckue u
[Mpubanxanickue nonymsiuun X. gerbilli minax w X. hirtipes, a taxke Ilpubanxanickas, bernaknanuHckas u
[Mpenycrioprckas nonymsauuu 610x X. skrjabini.

KiroueBsle ciioBa: 01oxu, Xenopsylla,ayma, moppomerpusi, IHK, reHorunupoBanne, nomyssmus.
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