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ABSTRACT

BACKGROUND: The role of ixodid ticks in the transmission of pathogens of a number of natural focal infections can hardly be
overestimated. Analysis of the manifestations of the epizootic process is important for planning preventive and anti-epidemic
measures and is an integral component of epidemiological surveillance of natural focal infections.

AIM: To analyze the species composition of ticks and the infection of ticks with borreliosis pathogens in the Republic of Tatarstan
for the period 2012-2022.

MATERIALS AND METHODS: An analysis of the species composition of ticks collected by the zoological group of the Center for
Hygiene and Epidemiology in the Republic of Tatarstan from environmental objects during the period 2012-2022 was carried
out. Testing of the ticks for Borrelia burgdorferi and Borrelia miyamotoi was carried out using the polymerase chain reaction
method with hybridization-fluorescent detection. An analysis of statistical observation form No. 2 “Information on infectious
and parasitic diseases” (the section “Tick bites”) for the Republic of Tatarstan from 2012 to 2022 was carried out. Statistical
processing was performed using descriptive statistics methods in Microsoft Excel.

RESULTS: The total number of people who applied for tick bites in the Republic of Tatarstan in 2012-2022 was 77,703, of which
59,168 (76.2%) were people over 18 years of age. During the study period, 5536 ticks were collected for research on the
territory of the Republic of Tatarstan from environmental objects. The species composition of ticks was distributed as follows:
Dermacentor reticulatus — 75.4%, Ixodes ricinus — 14.1%, Ixodes persulcatus — 10.5%. Infection of different types of ticks
with Borrelia was not the same and was 20.4% for /. persulcatus, 14% for I. ricinus, 4.4% for D. reticulatus. In 4 regions of the
republic, from ticks of the species /. ricinus pathogenic genomospecies B. miyamotoi were found (the infestation of this type
of tick with B. miyamotoi was 0.4%). Indicators of morbidity of the population with ixodid tick-borne borreliosis and indicators
of infection rates for ticks vary in different regions of the republic.

CONCLUSIONS: The dominant species of ixodid ticks in natural epitopes of the Republic of Tatarstan in 2012-2022 were
D. reticulatus (75.4% of the total number of collected ticks). For ticks of this species, the lowest level of infection with Borrelia
was demonstrated (4.4% of ticks). This may be one of the factors responsible for the low, in comparison with other regions,
incidence rates of tick-borreliosis in the Republic of Tatarstan. The identification of ticks of the species /. ricinus infected with
B. miyamotoi confirms the need for targeted molecular genetic and serological examination for recurrent fever in patients with
non-erythematous forms of febrile illness after an episode of tick bite.
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AHHOTALIMA

06ocHoBaHMe. Ponb MKCOAO0BLIX KELen B Nepefadye Bo30yaMTeNen Lenoro paga npupoAHO-04aroBblX MHGEKUMA TPYAHO
nepeoLeHUTb. AHanu3 NposBNIEHUIA 3MM300TUHECKOrO NPOLLECCa BaXKeH ANS MNaHUPOBaHWUA NPOPUNAKTUYECKMUX U NPOTUBO-
3NMAEMUYECKUX MEPOTPUATUIA U BbICTYNAET HEOTLEMIIEMBIM KOMMOHEHTOM 3MMUAEMUONONMYECKOro Haa3opa 3a NpUpOAHO-
04aroBbIMM UHMEKLMAMU.

Lienb uccnepoBaHms — npoBecTU aHanu3 BMAOBOIO COCTaBa W 3apaXEHHOCTU KIleLLen BO3DYAUTENIMU MKCOLO0BbIX KieLle-
BbIX boppenno3oB Ha Tepputopum Pecnybnukm TatapctaH 3a nepuog 2012-2022 rogos.

Matepuanbl u Metopbl. MpoBeéH aHanu3 BULOBOTO COCTaBa Kielued, cobpaHHbIX 300/0rmMyeckoi rpynnon ®BY3 «LleHTp
rurueHbl n anuaemuonorum B Pecnybnmke TaTapcTal» ¢ 06beKTOB OKpyKatoLLer cpeabl B TeueHune 2012-2022 ropos. Tectu-
poBaHWe uccneayemoro Matepuana Ha Borrelia burgdorferi w Borrelia miyamotoi ocywwecTBneHo MeToLOM MoauMepasHoi
LierHon peakumm ¢ rubpmamsaumnoHHo-(yopecLeHTHON feTekumen. poaHanusupoBaHa dhopMa cTatucTuyeckoro Habmoge-
Hua N° 2 «CBefieHns 06 MHEKUMOHHBIX M Napa3uTapHbix 3aboneBaHuax» no Pecnybnuke TatapctaH ¢ 2012 no 2022 rog
B YacTu «YKychl KneLamuy. CtaTucTnyeckas 0bpaboTka BbINOMHEHA C UCMOIb30BaHWEM METOJ0B ONUCATENTbHON CTAaTUCTUKM
B nporpamMme Microsoft Excel.

Pesynbratbl. 0bLiee uncno nogen, obpatvBLIMXCA MO NOBOAY YKycoB Knewwen B Pecnybnuke Tatapctan B 2012-2022 ro-
nax, coctasuno 77 703, us Hux 59 168 (76,2%) — numua ctapwe 18 net, ocTanbHble — AeTW. 3a uUccneayeMbli nepuop,
Ha TeppuTopun Pecnybnuku TatapctaH C 06bEKTOB OKpyatoLlei cpeabl Obino cobpaHo ansa uccnefnoBaHua 5536 oco-
el Knewein. BumoBoi cocTaB KieLlen pacnpeaenunca cneayowmM obpasom: Dermacentor reticulatus — 75,4%, Ixodes
ricinus — 14,1%, Ixodes persulcatus — 10,5%. boppennodopHOCTb pasnnyHbIX BUAOB KIELLEd He Oblna 0MHaKOBOM U Co-
crasuna 20,4% pna I. persulcatus, 14% — pns 1. ricinus, 4,6% — pns D. reticulatus. B 4 paiioHax pecnybnuku B Knelax
BMAa /. ricinus 6bin 0bHapyxeHbl naToreHHble reHoMoBWAbI B. miyamotoi (3apayEHHOCTb 3TOr0 BUAA Knelwel B. miyamotoi
cocrasuna 0,4%). Mokasatenu 3aboneBaeMoCTH HaceneHWs UKCOAOBBLIM KileLLeBbIM Boppenno3oM 1 nokasarenu boppenuo-
(GOPHOCTM KNELLEN BapbMpYIOT B pa3HbIX paloHax pecnybimkm.

3akntouenue. [JoMMHUpYIOLLMM B NpUPOAHLIX 3nuTonax Pecnybnnku TatapcTaH BUAOM MKCOA0BLIX Kiewwen B 20122022 ro-
pax asunca D. reticulatus, Ha [omo KOTOporo npuwsock 75,4% cobpaHHbix ocobeid. [ns Kiellen 3Toro BUaa NPoAeMoH-
CTPMpOBaH HaMMeHbLUKI YpoBeHb boppenrodopHocTy (4,4% KieLuen), 4To MOXET BbiTb 0HAM U3 GaAKTOPOB, OTBETCTBEHHBIX
3a HeBbICOKME, B CPAaBHEHWM C OpYrvMW perMoHamu, nokasatenin 3aboneBaeMoCcTU MKCOAOBbLIM KiIELLEBbIM boppenosoM
B Pecnybnuke TatapctaH. BoisiBneHue Knewleit Buaa I. ricinus, nopaxeHHbIx B. miyamotoi, noaTBEpXaaeT HeobxoauMocTb
NpULLENEHOr0 MONEKYNAPHO-TeHETUYECKOr0 U CepoNorMyecKoro obcnefoBaHus Ha NpeaMeT BO3BPATHOW JIMXOpAZKM NaLueH-
TOB C 6e33puTeMHOM HOPMON JIMXOPAAKM MOC/e INU30A4a YKyca KeLla.

KnioueBble cnoBa: 6onesHb J1aitMa; 60ppennosbl; YKYCbl KNELLe; aNUaeMUONOrns; KeLuy.
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BACKGROUND

Ixodic tick-borne borreliosis (ITB, Lyme disease) is
the leading natural focal bacterial zoonosis registered
in Russia. Russia is the habitat of most of the global ITB
range, which is confirmed by the annual registration of
disease cases in more than 70 entities of the country. High
ITB incidence is consistently registered in the Siberian, Ural,
Volga, and Northwestern Federal Districts [1]. Additionally,
the Republic of Tatarstan is endemic for ITB. Monitoring of
the immunity stress of the population of cities and districts
of the Republic of Tatarstan to pathogens transmitted by
ticks and mosquitoes showed that the proportion of people
seropositive to ITB was 3.8% [1].

Most often, ITB occurs through ixodid tick bites.
Additionally, Borrelia can be transmitted through tick feces
after they get on the skin and are then rubbed in when
scratching. Over 200 species of wild mammals are tick
feeders in natural foci. Infection of people and animals
commonly occurs from April to October, during the period of
seasonal tick activity. Ixodes ricinus and Ixodes persulcatus
are of the most epidemiological significance in the spread
of ITB. These ticks are believed to be the most aggressive
toward humans [2].

The epidemic of borreliosis depends on the activity
of natural foci of infection. The accumulation of the Lyme
disease pathogen in foci is influenced by various factors,
including landscape transformation with subsequent changes
in the population size of the main carriers and feeders and the
state of the biocenosis of animals sensitive to the pathogen.

The susceptibility of individuals to infection is
extremely high.

Analysis of the epidemic situation for ixodid tick-borne
borreliosis in 2022 and the prognosis for 2023 in Russia,
prepared by the Reference Center for Monitoring Borreliosis
of the Omsk Research Institute of Natural Focal Infections
of Rospotrebnadzor, revealed a significant association
between the infection rates of ticks in natural stations and
ticks removed from humans and the infection rate of the
population; however, the correlations were detected only for
I. persulcatus, but not for other types of ticks [3].

Moreover, analysis of the manifestations of the epizootic
process is crucial for planning preventive and anti-epidemic
measures and for the epidemiological surveillance of natural
focal infections [3].

This study aimed to analyze the species composition and
infection rate of ticks with pathogens of Lyme disease in the
Republic of Tatarstan in 2012-2022.

MATERIALS AND METHODS

Research design

An analysis of biological material, namely, ticks collected
by the zoological group of the Center for Hygiene and
Epidemiology in the Republic of Tatarstan (Tatarstan) from
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environmental objects using a flannel flag using the standard
method [4], was performed according to the schedule
approved by the Office of Rospotrebnadzor in the Republic of
Tatarstan (Tatarstan). Collection was performed in 2012-2022
(from April to October of each year).

Data on laboratory testing of ticks were evaluated in
the testing laboratory center of the Center for Hygiene and
Epidemiology in the Republic of Tatarstan (Tatarstan) and the
Kazan Research Institute of Epidemiology and Microbiology
of Rospotrebnadzor.

Ticks (I. persulcatus, D. reticulatus, and I. ricinus) were
tested by polymerase chain reaction with hybridization-
fluorescence detection using the AmpliSens TBEY,
B. burgdorferi s.\., A. phagocytophilum, and E. chaffeensis/
E. muris-Fl reagent kit (Russia) for B. burgdorferi and the
RealBest DNA Borrelia miyamotoi reagent kit (Russia) for
the pathogen B. miyamotoi. Sample preparation included
the preparation of a tick suspension. In studying tick pools,
10 individuals or less were included in one sample. The ticks
to be tested were placed in Eppendorf tubes, 500 pl of 96%
ethanol was added, and the resulting suspension was mixed
using Vortex technology. Then, 500 pl of 0.15 M sodium
chloride solution was added to the test tube with ticks
and vortexed again, and the remaining liquid was carefully
removed using a vacuum aspirator. Tick suspensions were
mechanically prepared from the resulting material. Then,
100 pl of supernatant was collected for RNA/DNA extraction
from Ixodes ticks and 50 ul for RNA/DNA extraction from
Dermacentor ticks. RNA/DNA was extracted using the
RIBO-prep reagent kit (Russia).

The reporting forms for 2012-2022 “Review and prognosis
of the state of populations and numbers of small mammals
and arthropods — carriers and transmitters of pathogens of
natural focal diseases, epizootological and epidemiological
situation in the constituent entity of the Russian Federation”
were analyzed and approved by the Order of the Federal
Service for Surveillance on Consumer Rights Protection
and Human Wellbeing (Rospotrebnadzor) dated January 14,
2013, no. 6, and prepared by the Center for Hygiene and
Epidemiology in the Republic of Tatarstan (Tatarstan).
Statistical processing was performed using Microsoft Excel.

Analysis of statistical observation form no. 2 “Information
on infectious and parasitic diseases” in the Republic of
Tatarstan from 2012 to 2022 in the part “Tick bites” was
performed.

Study conditions

Ticks were collected from environmental objects by the
zoological group of the Center for Hygiene and Epidemiology
in the Republic of Tatarstan (Tatarstan) in the different
municipalities of the republic. Laboratory testing of ticks
was performed in the testing laboratory center of the Center
for Hygiene and Epidemiology in the Republic of Tatarstan
(Tatarstan) and Kazan Research Institute of Epidemiology and
Microbiology of Rospotrebnadzor (Kazan).
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Study duration

In 2012-2022, ticks were collected and subsequently
subjected to laboratory testing. In 2023, laboratory and
statistical data were analyzed.

Methods of statistical data analysis

Intensive and extensive incidence rates were calculated.
Categorical data are presented as a share. Correlation
analysis was used to assess the relationship between the
indicators. Statistical processing was performed using
Microsoft Excel.

RESULTS

Research objects

The materials of the study included the following:

5,536 ticks collected from environmental sites

» Reporting forms “Review and prognosis of the state
of populations and numbers of small mammals and
arthropods as carriers and transmitters of pathogens
of natural focal diseases, epizootological and
epidemiological situation in the constituent entity of
the Russian Federation” for 2012-2022 approved by
the Order of the Federal Service for Surveillance on
Consumer Rights Protection and Human Wellbeing
(Rospotrebnadzor) dated January 14, 2013, no. 6, and
prepared by the Center for Hygiene and Epidemiology in
the Republic of Tatarstan (Tatarstan)

 Statistical observation forms no. 2 “Information on
infectious and parasitic diseases” for the Republic of
Tatarstan from 2012 to 2022.

[] Dermacentor reticulatus ~ [] Ixodes ricinus [l Ixodes persulcatus

Fig. 1. Index of dominance of ticks of different types in natural
biotopes of the Republic of Tatarstan in 2012-2022.
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Main results of the study

The species composition of ticks was distributed
as follows: D. reticulatus, 4173 individuals; I ricinus,
780 individuals; and /. persulcatus, 583 individuals (Fig. 1).

During subsequent laboratory testing, pathogenic
genomospecies B. burgdorferi s.|. were detected in
biomaterials of 410 of 5,536 ticks examined; the proportion of
affected ticks was 7.4% of the individuals collected. Moreover,
the borreliosis carriage of ticks of different species was not
the same and was 20.4% for /. persulcatus, 14% for I. ricinus,
and 4.4% for D. reticulatus.

Additionally, pathogenic genomospecies B. miyamotoi
were detected in ticks collected in four eastern and
central regions of the republic (districts Novosheshminsky,
Yelabuzhsky, Almetyevsky, and Sarmanovsky), that is,
0.68% of the collected individuals (in 14 of 2,288 samples).

The borreliosis carriage of ticks varies in different regions
of the republic. In 15 districts, the indicators exceeding
the republic average indices (7.4%) were noted, where the
proportion of affected ticks ranged from 8.0% to 20.7%
(Fig. 2). Exceeding the republic average indicators by two
times or more was revealed in three districts of the Republic
of Tatarstan, namely, Alekseevsky (20.7%), Vysokogorsky
(19.3%), and Nurlatsky (18.8%). Moreover, the ticks collected
in these municipal districts are largely represented by
the genus Ixodes, including 33.3% of ticks collected in
Alekseevsky, 42.5% in Vysokogorsky, and 33.0% in Nurlatsky.
It was for this type of tick that the highest indicator of
borreliosis carriage was revealed.

Unfortunately, laboratory tests of ticks for the presence of
Borrelia were not conducted in ten districts of the Republic of
Tatarstan during the study period, although in some of these
districts, cases of ITB among the population are registered
annually. Thus, the average long-term incidence rate for the
study period was 0.93 per 100 thousand people in Arsky,
0.61 in Kaybitsky, 0.49 each in Apastovsky and Mamadyshsky,
0.36 each in Kukmorsky and Drozhanovsky, and 0.25 in Bavlinsky.
It was established that in the districts where the incidence rates
of ITB exceed the average long-term annual values (.., Agryzsky,
Verkhneuslonsky, Zainsky, Laishevsky, Leninogorsky, and
Tetyushsky) (Fig. 3), laboratory tests of ticks were not conducted
at all or only ticks of the genus Dermacentor were tested, which
are not main carriers of ITB. Thus, a connection between the
incidence rates of the population and borreliosis carriage of ticks
was not established. Notably, in some municipalities, cases of
ITB were not registered during the study period (these areas are
not presented in the diagram), which may be due to a number of
reasons requiring detailed analysis.

The total number of people who sought medical attention
for tick bites in 2012-2022 was 77703, including 59,168
(76.2%) aged >18 years, and the rest were children. The
highest number of bite patients was recorded in 2015, 2019,
and 2022, which coincides with the peaks in ITB incidence in
the population [5].
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exceeding the

was 4.98 per 100 thousand population,

DISCUSSION

long-term average annual threshold of 2010-2019 by

3.4%. The highest rates were recorded in the Republic of
introduction of advanced laboratory diagnostic technologies
and increasing information on transmissible infections, the

Tyva and Tomsk and Sverdlovsk regions [1]. Despite the

In contrast to tick-borne viral encephalitis, ITB incidence

in Russia showed an upward trend, and the disease ranks
first (38.3% in 2022) among the natural focal infections

registered in the country [1]. The incidence rate in 2022
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incidence of ITB and prevalence of chronic forms of the
disease in many regions of Russia, including the Republic of
Tatarstan, remain unclear. Only some infections are verified.
According to expert estimates, the actual incidence exceeds
the number of registered cases by five or more times
[6, 71. The epidemiological situation of ITB in the Republic of
Tatarstan can be considered favorable compared to that in other
regions of Russia. Nevertheless, the incidence is wave-like,
with a significant increase in incidence rates over the past
3 years [5]. High-quality epidemiological surveillance of
transmissible zoonoses is impossible without considering the
human—environment relationship and studying the dynamics
of the population of carriers and their infestation. The species
composition of ticks should be considered when planning
measures for acaricidal treatment of the territory, because
different tick species have different activity peaks.

The results of the study of borreliosis carriers (ticks
of the ixodid family) demonstrate the dominance of ticks
of the genus Dermacentor in the carrier structure in the
republic during the study period (2012-2022). I. ricinus
and /. persulcatus ticks are common but few species.
Most probably, this distribution is due to the presence of
biotopes in the Republic of Tatarstan that are more suitable
for arthropods of this genus. The Republic of Tatarstan is
located in the East European Plain. The total area of the
Republic of Tatarstan is 68,000 kmZ, and its climate is
moderately continental. The average temperatures are
from -13°C to -18°C in January, and +19°C to 20°C in
July. The amount of precipitation is up to 500 mm per
year. About 16% of the territory is covered by forest. The
Republic of Tatarstan is located on the border of two large
zoogeographic zones, forest and steppe, which determines
the species composition of the fauna. These natural
conditions are most suitable habitats for D. reticulates [8].

The highest borreliosis carriage (20.4%) was noted in
I. persulcatus. For comparison, in different regions of
Russia, the infection rate of I persulcatus ticks collected
from vegetation in 2022 with Borrelia varied from 17% to
48.03% [3]. The infection rate of D. reticulatus ticks was
minimal, indicating the low efficiency of reproduction of
Borrelia in ticks of this genus. According to studies conducted
in the neighboring Kirov region from 2010 to 2015, the average
proportion of D. reticulatus individuals infected with Borrelia
was 36.93% [9]. The high infection rate was attributed to the
recent spread of this species of ticks in the Kirov region.

B. miyamotoi was detected in /. ricinus ticks (infection
rate: 0.4%). In the Tver oblast, the infection rate of /. ricinus
ticks with this species of Borrelia was 2.9%, and that of
I. persulcatus ticks was 1.8%. In the Tomsk, Novosibirsk, and
Kemerovo regions, the genetic material of B. miyamotoi was
revealed in 2.2% of /. persulcatus and I. pavlovskyi ticks [10].
Thus, according to data from the Republic of Tatarstan and

Vol. 29 (4) 2024

DOl https://doiorg/1017816/EID633941

Epidemiology and Infectious Diseases

other regions of Russia, the infection rate of ixodid ticks with
B. miyamotoi is significantly lower than that with Borrelia of
the B. burgdorferi s.l. complex.

Study limitations

The relationship between the incidence rates of the
population and borreliosis carriage of ticks was not assessed
owing to lacking data on tick examination in individual
municipalities.

CONCLUSION

The Republic of Tatarstan is endemic for Lyme disease.
The incidence of ITB, as well as the borreliosis carriage
of ticks, has territorial differences. The dominant species
of ixodid ticks in the natural epitopes of the Republic
of Tatarstan in 2012-2022 was D. reticulatus, which
accounted for 75.4% of the collected species. The lowest
level of borreliosis carriage was established for ticks of
this species, as only 4.4% of ticks were affected (i.e., the
borreliosis carriage of /. persulcatus was 20.4%, and that
for I ricinus was 14%). The relatively low incidence rates
of ITB in the Republic of Tatarstan in comparison with
other regions may be due to this fact. The detection in
small quantities of /. ricinus ticks infected with spirochete
B. miyamotoi discovered relatively recently in Russia [11]
confirms the need for a specific examination of patients
with a non-erythematous form of fever that developed after
a tick bite to diagnose relapsing fever.

It is crucial to conduct a study of ticks, especially
in areas with incidence rates exceeding the average
long-term annual level in the Republic of Tatarstan, with the
determination of the species composition and infection of
tick carriers, to monitor the epidemic situation of ITB in the
region and develop proposals to reduce the risk of infection
of the population.
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