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Abstract 
Introduction. Tomsk region is one of the territories of the Russian Federation with the highest possible incidence 
of tick-borne infections. However, the spectrum and genetic diversity of tick-borne pathogens remain insufficiently 
studied.
Materials and methods. The study analyzed 534 ticks: Ixodes persulcatus (n = 107), I. pavlovskyi (n = 234) and 
Dermacentor reticulatus (n = 193), collected in 13 biotopes of Tomsk and its suburbs during 2023. Detection of 
genetic material of tick-borne pathogens was carried out by PCR and RT-PCR in individual ticks with subsequent 
sequencing and phylogenetic analysis of nucleotide sequences. 
Results. More than fourfold dominance of I. pavlovskyi and D. reticulatus ticks over the taiga tick was observed. 
Infection of I. persulcatus ticks with tick-borne encephalitis virus (TBEV) of the Siberian genotype amounted to 
1.3%, in ticks of the Ixodes genus, the genetic material of Borrelia burgdorferi s.l. was detected in 8.5%, B. miya-
motoi – in 2.1%, Anaplasma phagocytophilum — in 1.5%, and Rickettsia tarasevichiae — in 14.1%. R. raoultii 
infection of D. reticulatus ticks was identified in 48.7%, and Babesia canis DNA was detected in a single sample. 
Genotyping and phylogenetic analysis of genomic nucleotide sequences showed the presence of new, unusual for 
the region genetic variants of B. garinii, B. bavariensis, B. afzelii and the Siberian TBEV genotype (subclade V).
Conclusion. In the territory of Tomsk and its suburbs, genetic material of 9 species of tick-borne pathogens, 
including their new genetic variants, was detected in ixodes ticks.
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Аннотация 
Введение. Томская область относится к регионам РФ с максимально высоким уровнем заболеваемости 
населения клещевыми инфекциями. Однако спектр и генетическое разнообразие возбудителей клещевых 
инфекций изучены недостаточно. 
Цель исследования — оценить встречаемость и провести генотипирование различных видов возбудите-
лей клещевых инфекций в иксодовых клещах, собранных с растительности в городских и пригородных 
биотопах г. Томска. 
Материалы и методы. В исследовании проанализированы 534 клеща: Ixodes persulcatus (n = 107),  
I. pavlovskyi (n = 234) и Dermacentor reticulatus (n = 193), собранных в 13 биотопах Томска и в биотопах 
пригородов в течение 2023 г. Детекция генетического материала клещевых патогенов проведена методом 
полимеразной цепной реакции (ПЦР) и ПЦР с обратной транскрипцией в индивидуальных клещах с после-
дующим секвенированием и филогенетическим анализом нуклеотидных последовательностей.
Результаты. Обнаружено более чем четырехкратное доминирование клещей I. pavlovskyi и D. reticulatus 
над таёжным клещом. При этом инфицированность клещей I. persulcatus вирусом клещевого энцефа-
лита (ВКЭ) сибирского генотипа составила 1,3%, в клещах рода Ixodes генетический материал Borrelia 
burgdorferi s.l. был обнаружен в 8,5%, B. miyamotoi — 2,1%, Anaplasma phagocytophilum — 1,5%, а Rickettsia 
tarasevichiae — 14,1%. Инфицированность R. raoultii клещей D. reticulatus составила 48,7%, а в единич-
ном образце была обнаружена ДНК Babesia canis. Генотипирование и филогенетический анализ геном-
ных нуклеотидных последовательностей показал наличие новых, необычных для региона геновариантов  
B. garinii, B, bavariensis, B. afzelii и сибирского генотипа ВКЭ (субклайд V).
Заключение. На территории Томска и его пригородов в иксодовых клещах обнаружен генетический мате-
риал 9 видов клещевых патогенов, в том числе их новые генетические варианты. 

Ключевые слова: иксодовые клещи, вирус клещевого энцефалита, Borrelia spp., Rickettsia spp., 
Anaplasma spp., генотипирование, Томск, Россия
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Introduction
Ixodes ticks are carriers of a number of infectious 

agents of viral, bacterial and protozoal nature, which 
play a major role in human infectious pathology. The 
Tomsk region belongs to the territories of Russia with 
the highest incidence rates of ixodal tick-borreliosis 
(ITB) and tick-borne encephalitis [1–4]. In 2020–2023, 
the incidence rates exceeded the average incidence 
rates in Russia by 2.0–5.9 times, amounting to 10.3–
15.7 per 100,000 population for ITB, and by 4.0 or 
more times, ranging from 2.9 to 4.5 per 100,000 pop-
ulation, for tick-borne encephalitis. At the same time, 
the number of applications of the population to medi-
cal organizations in the region for medical care for tick 
bites was more than 1,000 per 100,000 population in 
2020–2023.1 During this period, this parameter ranged 
from 1705.5 to 2390.1 per 100,000 population, exceed-
ing the corresponding average values of the parameter 
in Russia from 5.0 to 7.4 times.

In general, several tick species are involved in the 
spread of tick-borne infections in Russia, with Ixodes 
ricinus and I. persulcatus ticks being the most import-
ant [5]. At least 11 species of ixodid ticks have been 
described in Western Siberia, of which the I. persulca­
tus tick has the greatest epidemic significance [6–8]. 
Traditionally, the taiga tick is considered to be the main 
vector for tick-borne pathogens in the south of West-
ern Siberia, but recently in urban and suburban bio-
topes of Tomsk unusually widespread ticks I. pavlov­
skyi (Pomerantzev, 1946) and D. reticulatus (Fabricius, 
1794) [8, 9]. It is known that ticks of the Dermacentor 
genus, prevalent in steppe and forest-steppe zones of 
Siberia, can be carriers of the Omsk hemorrhagic fever 
virus, rickettsiae of tick-borne typhus of North Asia, as 
well as pathogens of Q fever and human granulocytic 
anaplasmosis [2, 3, 7, 8]. The average number of ixo-
did ticks on the territory of the suburbs of Tomsk and 
Tomsk district varied from 26.5 to 57.7 specimens per 
1 km of the route [4]. The results of the study of tick 
viral infection rate by immunoenzyme analysis and 
polymerase chain reaction methods ranged from 0.6% 
to 6.1%. Infection with tick-borne encephalitis virus 
(TBEV) in ticks of the Ixodes genus amounted to 6.5%, 
and in ticks of the Dermacentor genus — 1.9% [4]. 

A study of the species composition of ixodid ticks 
within the city limits of Tomsk, conducted in 2015–
2016, showed a significant increase in the number of 
D. reticulatus on the slopes of the high bank of the Tom 
River (Camp Garden area), reaching 66 specimens per 
1 km of the route. Previously, in 2012–2014, the aver-
age seasonal abundance was only 0.17 specimens per 1 
km of route [7, 8]. In 2018–2021, the maximum abun-
dance of ticks of the Dermacentor genus reached 20 

1 On the state of sanitary and epidemiological welfare of the 
population in the Russian Federation in 2022: State Report. 
Moscow; 2023. 368 p. (In Russ.)

specimens per 1 survey km. In 2015, the study showed 
that from the number of ticks of the Ixodes genus cap-
tured from vegetation in the suburbs of Tomsk, the per-
centage of I. pavlovskyi and I. persulcatus amounted to 
70.3% and 29.7% respectively. The average seasonal 
abundance was 3.67 specimens for I. persulcatus and 
8.42 specimens for I. pavlovskyi per 1 survey km, re-
spectively [7, 8].

Recently, the significant dominance of I. pavlov­
skyi and D. reticulatus among the ticks attacking hu-
mans was also described in Novosibirsk and its suburbs 
[6]. At the same time, such a fact has not yet been de-
scribed in other Siberian regions, where taiga ticks are 
still associated with the spread of tick-borne infections 
in the population. 

Infection of ixodid ticks in the south of Western Si-
beria with various pathogens of viral, bacterial and pro-
tozoan nature remains insufficiently investigated. At the 
same time, the number of publications on a wide range 
of tick-borne pathogens found in various tick species 
in the territories of Northern Eurasia is increasing [6, 
10, 11]. To replenish and update the data on the molec-
ular epidemiology of tick-borne pathogens in the con-
ditions of a large Siberian metropolis, an attempt was 
made to determine the infection levels of various spe-
cies of ixodid ticks in urban and suburban biotopes of 
Tomsk during one summer season. Detection of genetic 
material of pathogens of various tick-borne infections, 
including TBEV, orbiviruses (Kemerovo virus), Borrel­
ia spp., Rickettsia spp., Anaplasma spp. and Babesia 
canis, was performed by PCR and RT-PCR me thods 
for each tick individually with subsequent sequencing 
of the detected genetic material and genotyping of the 
identified pathogens. 

Materials and methods
During the study, 534 individual ticks belonging 

to the following species were collected and analyzed: 
I. persulcatus (n = 107), I. pavlovskyi (n = 234), and 
D. reticulatus (n = 193). The ticks were collected using 
the standard method from vegetation in 13 urban and 
suburban biotopes of Tomsk (Fig. 1) in the summer of 
2023. Species identification of ticks was carried out as 
described previously [6].

To isolate nucleic acids, ticks were treated twice 
with 70% ethyl alcohol and washed with phosphate-salt 
buffer to remove external contaminants and external mi-
croflora. Homogenization of the obtained samples was 
performed using a TissueLyserLT laboratory homoge-
nizer (Qiagen) in 300 μL of sterile physiological solu-
tion. Total nucleic acids were isolated from 100 μL of ho-
mogenate using the AmpliPrime RIBO-prep reagent kit 
(NextBio) according to the manufacturer's instructions. 
cDNA was obtained in reverse transcription reaction us-
ing a REVERTA-L commercial kit (AmpliSens). 

In order to control the stage of nucleic acid isola-
tion and its safety during storage, PCR was performed 
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with all the studied samples to detect the site of cyto-
chrome oxidase subunit I gene localized in the mito-
chondrial genome of ticks. The primer pairs IpCX-6f/
IpCX-9R for ticks of the Ixodes genus and DH_f/DH_r 
for ticks of the Dermacentor genus were used for this 
purpose.

Samples were screened for the presence of genet-
ic material of the studied pathogens (TBEV, Kemero-
vo virus, B.burgdorferi s.l., B. miyamotoi, Rickettsia 
spp., A.phagocytophilum, Babesia spp.) by real-time 
PCR or with subsequent electrophoretic detection. 
PCR was performed in 25 μL of reaction mixture using 
BioMaster HS-Taq PCR (2×) kit (Biolabmix) and 0.4 
pM specific oligonucleotide primers (Table 1). Fusion 
DNA polymerase Pfu-Sso7d (Biolabmix) was used to 
perform targeting PCR and to generate amplicons for 
whole-genome sequencing of TBEV isolates. The 95% 
confidence interval (CI) of the level of tick infectivity 
with the pathogens studied was calculated using the on-
line service2.

Amplification products were analyzed by separa-
tion of DNA fragments in a 2% agarose gel in Tris-ac-

2 URL: https://www.pedro.org.au/english/downloads/confidence-
interval-calculator

etate buffer containing 0.1% ethidium bromide. Puri-
fication of amplicons from agarose gel for subsequent 
sequencing reaction was performed using a microcol-
umn-based kit (Biosilica) according to the manufactur-
er's instructions.

Sanger sequencing reaction was performed  using 
the Big Dye Terminator Kit v. 3.1 (Thermo Fisher Sci-
entific). Nucleotide sequences were determined for 
both strands using a 3130xl Genetic Analyzer auto-
mated sequencer (Applied Biosystems), and all nucle-
otide sequences were determined twice in independent 
experiments. Whole genome sequencing of identified 
TBEV isolates was performed using MiSeq technol-
ogy and appropriate MiSeq reagent kits v2 (Illumina) 
by analyzing overlapping specific fragments after PCR. 
Sequence assembly was performed by mapping reads 
to the reference genome of Zausaev strain (AF527415) 
with contigs determination using the Geneious Prime 
program (2024.0.5). 

Analysis of the obtained nucleotide sequences, 
alignments and phylogenetic analysis were performed 
using the Unipro UGENE v. 1.50 [16] and MEGA X 
software [17]. Phylogenetic trees were constructed 
using the maximum likelihood method and the Tamu-
ra-Nei evolutionary model (TN93). The statistical sig-

Fig. 1. Map-scheme of Tomsk and suburbs with designation of tick collection areas.
A — TBEV RNA detection sites; B – B. burgdorferi s.l DNA; C — B. miyamotoi DNA; D — A. phagocytophilum DNA;  

E — Rickettsia spp. DNA.
Designation of collection areas: 1 — Camp Garden; 2 — Burevestnik stadium; 3 — Southern cemetery; 4 — garage cooperative on 

Continental Street; 5 — Akademgorodok microdistrict; 6 — forest near Zonal Station; 7 — Anikino microdistrict; 8 — forest belt on Irkutsk 
tract; 9 — Loskutovo village; 10 — Mezheninovka village; 11 — Basandaika settlement; 12 — Stepanovka settlement;  

13 — Timiryazevskoye settlement.
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nificance of phylogenetic tree topology was assessed 
by Bootstrap analysis; calculations were performed for 
500 pseudo-samples. 

The nucleotide sequences identified in this 
study were deposited in the international GenBank 
database under the following accession numbers: 
PP942931–PP942934 for whole genome TBEV se-
quences, PQ126376–PQ126404 for B. burgdorferi 
s.l. P83/100 gene fragments, PQ126405–PQ126411 
for B. miyamotoi glpQ gene fragments, PQ126412–
PQ126416 for A. phagocytophilum msp2 gene frag-
ments, PQ123220 for the gene fragment of the de-
tected B. canis isolate.

The study was conducted in compliance with the 
biosafety rules regulated in SanPiN 3.3686-21 “Sani-

tary and Epidemiological Requirements for the Preven-
tion of Infectious Diseases” dated 28.01.2021.

Results
Of the 534 studied ixodid ticks, I. persulcatus was 

represented by 107 (20.0%) specimens (56 females and 
51 males), I. pavlovskyi — 234 (43.8%; 133 females 
and 101 males), D. reticulatus — 193 (36.1%; 120 
females and 73 males). All ticks were tested by PCR 
for the presence of genetic material of 10 species of 
tick-borne pathogens of viral, bacterial and protozoan 
etiology (Kemerovo virus, TBEV, B. garinii, B. afzelii,  
B. bavariensis, B. miyamotoi, R. tarasevichiae, R. raoul­
tii, A. phagocytophilum and B. canis) (Table 2). The Ke-
merovo virus was not detected during the analysis. 

Table 1. Primers used for isolation of gene fragments of viruses, borrelia, rickettsia and anaplasma from ixodid ticks

Target Primers Primer sequence Size of the fragment Source

Ixodes sp.
IpCX-6f ATTAGGAGCACCTGATATAGCTTTCCC

660
IpCX-9r GCTGTAAATAAGCTCGAGTGTCGATA

D. reticulatus
DH_f TCGAWTAGAAYTAAGACAACCTGG

610 [6]
DH_r GGTGRCCAAAAAATCAAAATARATG

TBEV
Kgg31 AAAGGCAGCATTGTGACCTG

361 [11]
Kgg19 CGTGTCTCCACGGCAGAGCC

ALSV
Miass_gly_3F TGGATCAGCTCACACCACAC

333
Miass_gly_3R TCACCGTCACAGTGGAATGG

YGTV
YGTV_gly_1F ACTACTGGTTGCCGTCCTCG

YGTV_gly_1R GTCGCTGCAGTCAAATATCT 

Kemerovo

rt_Kem4f TCCGCCACCCTGGAATGAGAC

116 [9, 12]rt_Kem4r TCAGGATCGGTCAAGGCCATTC

Kem_prb4 FAM–AGCCGTTTCTGTCCACGAGACG–BHQ1

B. burgdorferi s.l.

F7 TTCAAAGGGATACTGTTAGAGAG [13]

F10 AAGAAGGCTTATCTAATGGTGATG

F5 ACCTGGTGATGTAAGTTCTCC

F12 CTAACCTCATTGTTGTTAGACTT

B. miyamotoi

Q1 CACCATTGATCATAGCTCACAG [13]

Q4 CTGTTGGTGCTTCATTCCAGTC

Q3 GCTAGTGGGTATCTTCCAGAAC

Q2 CTTGTTGTTTATGCCAGAAGGGT

Rickettsia spp.

PrF_gltA GGCTTCGGTCATCGTGT 120 [14]

PrR_gltA TTGCTATTTGTAAGAGCGGATTG

Z(ROX)_gltA ROX-CCACGTGCCGCAGTACTTAAAGAAAC-
BHQ2

CS409d CCTATGGCTATTATGCTTGC 765 [15]

RP1258n ATTGCAAAAAGTACAGTGAACA

A. phagocytophilum
MSP2− 3f CCAGCGTTTAGCAAGATAAGAG 334 [13]

MSP2− 3r GCCCAGTAACAACATCATAAGC
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TBEV RNA was detected in 4 (1.3%; 95% CI 0.3–
2.6) individuals out of 341 ticks of the Ixodes genus. All 
detected TBEV isolates were attributed to the Siberian 
genotype when analyzing the full-length nucleotide se-
quence of the genome. They were characterized by a 
high level of homology of the nucleotide sequence of 
the viral genome, which is 94–98% compared to oth-
er strains of the Siberian genotype and about 85–86% 
compared to other TBEV genotypes (Table 3). The lev-
els of homology of the amino acid sequence of the viral 
polyprotein are about 98–99 and 94–95%, respectively. 
Tomsk 2-2023 isolate differs by a lower level of homol-
ogy from the other three sequenced Tomsk isolates. 

In phylogenetic analysis, the detected genetic 
variants are clustered with subclade V of the Siberi-
an TBEV genotype [18]. The detected TBEV isolates 
have a high level of homology and cluster together with 
TBEV variants circulating in the southern regions of 
Siberia, including the regions adjacent to Lake Bai-
kal (Fig. 2). At the same time, isolate Tomsk 2-2023 
forms a separate phylogenetic branch, which may be 
promising for separation into a separate subclade with-
in the Siberian TBEV genotype. Phylogenetic analysis 
shows that all genomic sequences of the Tomsk 2023 
isolates are original and differ from the Kolarovo-2008 
and Tomsk-PT122 isolates circulating in Tomsk in 

Table 2. Detection of markers of tick-borne infections in D. reticulatus. I. persulcatus and I. pavlovskyi ticks

Маркеры

Number of PCR-positive samples in ixodid ticks, abs./% (95% CI)

Ixodes genus ticks 
(total)

(n = 341)
I. persulcatus

(n = 107)
I. pavlovskyi

(n = 234)
D. reticulatus

(n = 193)

TBEV RNA 4/1.3 (0.3–2.6) 4/1.3 (0.3–2.6) 0 0

DNA R. tarasevichiae/R. raoultii 48/14.1 (10.8–18.2) 43/40.2 (31.4–49.7) 5/2.1 (0.9–4.9) 94/48.7 (41.8–55.8)

DNA A. phagocytophilum 5/1.5 (0.6–3.4) 4/3.7% (1.5–9.2) 1/0.4 (0.1–2.4) 0

DNA B. canis 0 0 0 1/0.5 (0.1–2.9)

DNA B. miyamotoi 7/2.1 (1.0–4.2) 3/2.8 (0.9–7.9) 4/1.7 (0.6–4.3) 0

DNA B. burgdorferi s.l. 29/8.5 (5.9–11.9) 17/15.9 (10.2–23.9) 12/5.1 (2.9–8.7) 0

Including (n = 29):

B. garinii 19/65.5 (47.4–80.1) 9/8.4 (4.5–15.2) 10/4.3 (2.3–7.7) 0

B. afzelii 7/24.1 (12.2–42.1) 5/4.7 (2.0–10.5) 2/0.8 (0.2–3.0) 0

B. bavariensis 3/10.4 (3.6–26.3) 3/2.8 (0.9–7.9) 0 0

Table 3. Degree of similarity (%) of nucleotide (nuc.) and amino acid sequences of polyprotein (aa.) of identified TBEV 
variants compared to reference TBEV strains 

Reference strains 
Tomsk 1-2023 
(PP942931)

Tomsk 2-2023 
(PP942932)

Tomsk 3-2023 
(PP942933)

Tomsk 4-2023 
(PP942934)

nuc. aa. nuc. aa. nuc. aa. nuc. aa.

Siberian TBEV genotype

Lesopark 11 (KJ701416) 98.14 99.45 96.62 98.99 98.20 99.23 98.27 99.39

Zausaev (AF527415) 98.31 99.42 96.50 99.08 98.06 99.39 98.09 99.48

Kolarovo-2008 (FJ968751) 93.98 96.47 94.06 96.47 94.02 96.47 94.22 96.57

Tomsk-PT122 (KM019545) 94.16 98.31 94.47 98.28 94.24 98.28 94.42 98.41

Vasilchenko (AF069066) 94.23 98.31 94.55 98.25 94.38 98.28 94.58 98.44

Far Eastern TBEV genotype

Sofjin-HO (AB062064) 85.66 95.34 85.52 95.37 85.64 95.40 85.51 95.43

205 (DQ989336) 85.48 95.22 85.51 95.31 85.52 95.28 85.52 95.31

Western TBEV genotype

Hypr (U39292) 85.24 94.88 85.16 94.94 85.34 94.91 85.21 94.79

Neudoerfl (U27495) 85.21 94.39 85.15 94.39 85.26 94.42 85.14 94.33

Baikal TBEV genotype

886-84 (EF469662) 84.97 95.65 84.92 95.71 84.97 95.61 85.11 95.77

178-79 (EF469661) 85.80 95.92 85.80 96.01 85.86 95.89 85.88 96.04
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Fig. 2. Phylogenetic tree based on the whole-genome nucleotide sequences of TBEV. 
TBEV sequences from this study are shown in bold. Presentation format: GenBank deposit number, isolate name.

2006–2008, which belong to subclade IV of the Siberi-
an TBEV genotype. 

B. burgdorferi s.l. DNA was detected in 29 ticks of 
the Ixodes genus, corresponding to an infection rate of 
8.5% (95% CI 5.9–11.9; Table 2). Genotyping by nucle-
otide sequence of the P83/100 gene fragment showed 
that the species diversity of Borrelia was represented 
mainly by B. garinii with 65.5% of cases, B. afzelii was 
found in 24.1% of cases, and B. bavariensis in 10.4% 
of cases. The results of phylogenetic analysis of these 3 
Borrelia species are presented in Fig. 3. All sequenced 
variants of B. burgdorferi s.l. on the phylogenetic tree 
formed compact monophyletic groups within their spe-

cies, which clustered with previously isolated isolates 
in northern Eurasia. 

B. miyamotoi DNA was also detected in 7 ticks of 
the Ixodes genus on the basis of nucleotide sequence 
analysis of a fragment of the glycerophosphodiester 
phosphodiesterase (glpQ) gene fragment, which corre-
sponds to an infection rate of 2.1% (95% CI 1.0–4.2; 
Table 2). No DNA of the B. burgdorferi s.l. and B. mi­
yamotoi complex was detected in ixodid ticks of the 
Dermacentor genus. 

Phylogenetic analysis for the detected B. miyamo­
toi isolates showed that all of them have a high level 
of homology with the variants found earlier in Tomsk, 
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Novosibirsk Regions, Khabarovsk and Krasnoyarsk 
Territories, and together with them are clustered within 
the Asian subtype of B. miyamotoi (Fig. 4).

A. phagocytophilum DNA was detected in 4  
I. persulcatus ticks and 1 I. pavlovskyi tick (Table 2). 
The nucleotide sequence of the major surface protein 
2 (msp2) gene fragment was determined for the detect-
ed A. phagocytophilum isolates, and the results of their 
phylogenetic analysis are presented in Fig. 5. All se-
quenced A. phagocytophilum isolates form a monophy-
letic group within their species with isolates previously 
found in Poland, Kaliningrad and North America. 

The rickettsiae genetic material was most fre-
quently detected by PCR (Table 2). Thus, R. tarasevi­
chiae DNA was detected in 48 (14.1%) out of 341 ticks 
of the Ixodes genus, R. raoultii DNA —in 94 (48.7%) 
individuals out of 193 ticks of the Dermacentor genus, 
in 5 ticks of the Ixodes genus — 1.5%. B. canis DNA 
was detected in 1 D. reticulatus tick by a fragment of 
the 18S rRNA gene (0.5% of cases), its phylogenetic 
tree is presented in Fig. 6. No genetic material of Kem-
erovo virus was detected in the examined ticks. 

In certain cases, several tick-borne pathogens 
were detected in one tick. Thus, DNA of two tick-borne 

Fig. 3. Phylogenetic tree based on the P83/100 gene fragment (325 bp) of the identified B. burgdorferi s.l. complex isolates.
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Fig. 4. Phylogenetic tree based on the glpQ gene fragment (433 bp) of the identified B. miyamotoi isolates.

Fig. 5. Phylogenetic tree based on the msp2 gene fragment (340 bp) of the identified A. phagocytophilum isolates.
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pathogens was detected in 8 (2.3%) ticks of the Ixodes 
genus. Genetic material of B. garinii and R. tarasev­
ichiae was detected in 5 ticks, B. garinii and B. miy­
amotoi — in 2 ticks, B. garinii and A. phagocytophi­
lum — in 1. Moreover, DNA of 3 tick-borne pathogens 
(B. garinii, R. tarasevichiae and A. phagocytophilum) 
was detected in 1 tick of the Ixodes genus at once. 

Discussion
The I. pavlovskyi and D. reticulatus species were 

dominant among the studied ixodid ticks (79.9%), 
which is recently characteristic of Tomsk and Novo-
sibirsk and their suburbs [6–8]. Thus, the increase in 
the abundance of D. reticulatus more than 200 times in 
urban biotopes of Tomsk was first recorded in the fall 
of 2015. When determining the species composition of 
ticks attacking humans in Novosibirsk and its suburbs, 
it was also recorded that I. pavlovskyi and D. reticula­
tus ticks account for 84.8% among ticks removed from 
patients seeking medical care for tick bites in 2018. The 
dominance of I. pavlovskyi and D. reticulatus ticks in 
2023 in the biotopes of Tomsk and its suburbs indicates 
the stable nature of this phenomenon and the actual dis-
placement of the taiga tick from the biotopes of these 
metropolitan areas in the south of Western Siberia. 
At the same time, an independent study in 2019 of a 
natural biotope on the Tom River upstream of Tomsk 
(approximately 125 km) revealed a practically com-
plete dominance of the taiga tick, whose representation 
amounted to 95.72% in collections from vegetation, 
while the shares of the I. pavlovskyi tick and its hybrids 

amounted to only 1.75 and 2.53%, respectively, with a 
comparable sample size [19]. Such a dramatic differ-
ence in the species composition of ticks in urban and 
natural biotopes in the basin of one river in the south 
of Western Siberia suggests that anthropogenic impact 
significantly changes the breeding conditions of ticks 
and the spectrum of associated tick-borne infections in 
places of compact human habitation. 

As a result of the studies, genetic material of 9 
species of tick-borne pathogens of viral, bacterial and 
protozoic nature was detected in ixodid ticks of three 
species. TBEV was detected in 4 ticks (taiga ticks), and 
all detected TBEV isolates were attributed to the Siberi-
an genotype. It is known that in northern Eurasia TBEV 
is mainly represented by three main genotypes — Far 
Eastern, Siberian and European, the first of which most 
often causes severe clinical forms of TBEV, and the 
second one is more often found in Western Siberia [5]. 
The isolates of the Siberian TBEV genotype that we 
have detected can be attributed to subclade V, for which 
the Zausaev strain is considered to be the prototype vi-
rus. Initially, the Zausaev strain was isolated in Mos-
cow from the brain of a deceased patient with a chronic 
form of tick-borne encephalitis (within 2 years), who 
was presumably infected in the Tomsk region and be-
came ill 10 years after a tick bite in 1973. [20].  

However, in Tomsk and its suburbs, circulation 
of TBEV variants of the Siberian subtype in 2006–
2008, belonging to subclade IV, strains Kolarovo-2008 
(FJ968751) and Tomsk-PT122 (KM019545), as well as 
variants of the Far Eastern genotype, was previously de-

Fig. 6. Phylogenetic tree based on the 18S ribosomal RNA gene fragment (394 bp) of the identified B. canis isolate.
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tected [7, 9, 21]. Phylogenetic analysis of full-genome 
sequences showed that isolates of TBEV 2023 are new 
to Tomsk, with the unusual isolate Tomsk 2023-2 form-
ing a separate phylogenetic branch that may be prom-
ising for isolation into a separate subclade within the 
Siberian TBEV genotype. We failed to detect the genet-
ic material of the Kemerovo virus in the studied ticks, 
although there are reports of its detection in Western 
Siberia and Kazakhstan [12]. 

Infection of ticks of the Ixodes genus with B. burg­
dorferi s.l. amounted to 8.5%, which is below the av-
erage values of recent years [1, 2, 6, 22, 23]. B. garinii 
was detected most frequently (65.5% of cases), B. af­
zelii (24.1%) and B. bavariensis (10.4%) were detected 
less frequently. The population of borreliae  pathogens 
of ITB is heterogeneous, counting more than 20 spe-
cies of borreliae, and the species diversity of borreliae 
is significantly influenced by the diversity of reservoir 
hosts, which ensure circulation and persistence of ITB 
pathogens. B. afzelii and B. bavariensis are common-
ly associated with small rodents and B. garinii with 
birds [23]. It is likely that the dominance of B. garinii 
can be attributed to the fact that birds may be an im-
portant feeder of ixodid ticks in urban areas [1, 8, 13, 
24]. B. burgdorferi s.l. DNA in the ixodid ticks of the 
Dermacentor genus was unable to be detected, but the 
possibility of the presence of borrelia in D. reticulatus 
ticks is confirmed by a number of publications [23, 
24]. Phylogenetic analysis of sequenced borrelia DNA 
fragments showed that borrelia isolates formed com-
pact monophyletic groups within their species. More-
over, B. garinii isolates were grouped into 3 different 
phylogenetic branches. At the same time, one of these 
groups, including 9 isolates, was not associated with 
isolates previously found in Tomsk. Probably, we can 
speak about the appearance of new genetic variants of 
B. garinii in urban biotopes of Tomsk. This assumption 
applies equally to B. afzelii and B. bavariensis isolates, 
which also form new phylogenetic groups. 

B. miyamotoi DNA was detected in 2.1% of the 
examined ticks of the Ixodes genus. This species of Bor­
relia belongs to the causative agents of tick-borne re-
lapsing fevers, which are widespread in various regions 
of the world, including Russia [25–28]. This species of 
borrelia is associated with erythematous forms of ITB, 
while the pathogen is capable of causing severe forms 
of disease, including meningoencephalitis, in immuno-
compromised people, and mixt-infections with  other 
tick-borne pathogens. Infection of ixodid ticks with 
B. miyamotoi is usually much lower than with Borrel-
ia of other species and ranges from 0.3–16% [27, 28]. 
In 2023, we were unable to detect B. miyamotoi DNA 
in ixodid ticks of the Dermacentor genus, although 
in 2021 in the Tomsk region it was detected in 2% of  
D. reticulatus ticks [3]. Phylogenetic analysis of 7 B. 
miyamotoi isolates based on the glpQ gene fragment 
showed that all of them form a rather compact gene-

tic group within the Asian subtype and cluster together 
with the previously detected variants in the Tomsk, No-
vosibirsk Regions, Khabarovsk and Krasnoyarsk Krai. 

The highest infection rate of the studied ticks was 
found for rickettsiae (48.7% for R. raoultii and 14.1% 
for R. tarasevichiae), with R. tarasevichiae occurring 
only in ticks of the Ixodes genus and R. raoultii in ticks 
of the Dermacentor genus. These rickettsiae are capable 
of causing tick-borne rickettsioses in humans, and their 
circulation has been established in different regions of 
the Russian Federation, mainly in Siberia and Kazakh-
stan [29, 30]. In the Tomsk region, only single cases of 
rickettsiosis are registered annually [2, 4]. R. raoultii 
is known to occur in many European countries, in dif-
ferent regions of Russia, such as Novosibirsk, Omsk, 
Irkutsk, in the Republics of Altai and Buryatia, in Pri-
morsky and Khabarovsk Krai and is usually associated 
with ticks of the Dermacentor genus [6, 7, 10, 30]. It is 
currently accepted that R. raoultii is capable of caus-
ing the development of TIBOLA syndrome (tick-borne 
lymphadenopathy), which is characterized by a primary 
affect in the form of erythema developing at the site of 
tick sucking and painful regional lymph nodes [31, 32]. 
Detection of genetic material of R. raoultii in meadow 
ticks, for which an explosive increase in numbers (more 
than 200 times) in urban biotopes has been registered, re-
quires special attention to the diagnosis of TIBOLA syn-
drome in patients in the Tomsk region. R. tarasevichiae 
is characterized by infection of ticks of the Ixodes genus 
(more often I. persulcatus, less often I. pavlovskyi). This 
species of rickettsiae is widespread in the Asian part of 
Russia, and cases of human infection with R. tarasevi­
chiae were recorded in the Novosibirsk region [6].

Genetic markers of A. phagocytophilum were de-
tected in 1.5% of ticks of the Ixodes genus and were not 
found in ticks of the Dermacentor genus, although ear-
lier the genetic material of A. phagocytophilum was de-
tected in ticks of D. reticulatus in the territory of Tomsk 
[7]. All sequenced isolates of A. phagocytophilum form 
a monophyletic group within their species with iso-
lates previously detected in Poland, Kaliningrad, and 
North America, which, in all probability, demonstrates 
the conservatism of the msp2 gene used for genotyp-
ing. Babesia infections of ixodid ticks were also previ-
ously registered in the Tomsk region [2]. As a result of 
this study, we managed to detect Babesia canis in only 
1 tick of the Dermacentor genus.

Mixed infections associated with various tick-
borne infections are quite common and can affect the 
course and clinical manifestations of diseases [33]. We 
detected different combinations of tick-borne patho-
gens in ixodid ticks, with B. garinii occurring in all cas-
es of mixed infection.

Comparing the infection rates of different tick 
species, a significantly higher infection rate of Borrelia 
was found (OR = 3.1; 95% CI 1.43–6.72; F = 0.004;  
χ2 = 8.9), rickettsiae (OR = 18.81; 95% CI 7.25–48.82; 
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F = 0.000; χ2 = 60.17) and anaplasmas (OR = 8.75; 
95% CI 0.97–79.2; F = 0.038; χ2 = 5.35) of I. persul­
catus ticks compared to I. pavlovskyi. A wider range 
of pathogens (TBEV, B. burgdorferi s.l., B. miyamotoi,  
R. tarasevichiae and A. phagocytophilum) was record-
ed in I. pavlovskyi ticks which were dominant in urban 
biotopes. Ticks of the Dermacentor genus were predom-
inantly infected with R. raoultii, and the other tick-borne 
pathogens were found in them much less frequently. 

The obtained data confirm the necessity of moni-
toring the circulation in natural and anthropourgical fo-
ci of tick-borne infections in Tomsk and Tomsk region 
along with TBEV and pathogens of other tick-borne 
infections: B. miyamotoi, Rickettsia spp., A. phagocy­
tophilum, Babesia spp. It is necessary to further im-
prove methods of diagnostics and prevention of these 
infections, including identification of possible human 
cases and mixtinfection. It is important to emphasize 
that currently 3 species of ticks (I. persulcatus, I. pav­
lovskyi, D. reticulatus), infected with at least 9 species 
of tick-borne pathogens, dominate in urban biotopes 
and take part in the formation of urban foci of tick-
borne infections in the park zone of Tomsk.

Conclusion
In the territory of Tomsk and its suburbs, I. pavlov­

skyi and D. reticulatus predominate among ixodid ticks 

collected from vegetation. As a result of PCR analysis, 
9 species of tick-borne pathogens of viral, bacterial and 
protozoan nature were detected in the ixodid ticks of 
3 species, which apparently take part in the formation 
of urban foci of tick-borne infections. Higher levels of 
infection with borrelia, rickettsiae and anaplasma were 
found in I. persulcatus ticks compared to I. pavlovskyi. 
A wider range of pathogens (TBEV, B. burgdorferi s.l., 
B. miyamotoi, R. tarasevichiae and A. phagocytophi­
lum) was recorded in I. pavlovskyi and I. persulcatus 
ticks than in D. reticulatus ticks (TBEV, R. raoultii and 
Babesia canis).

Infection of taiga ticks with TBEV amounted to 
1.3%. Infection of ticks of the Ixodes genus amount-
ed to the following: B. burgdorferi s.l. — 8.5%,  
B. miyamotoi — 2.1%, A. phagocytophilum — 1.5%, 
R. tarasevichiae — 14.1%. Furthermore, the rate of oc-
currence of R. raoultii in D. reticulatus ticks amounted 
to 48.7%, and Babesia canis DNA was detected in a 
single sample. Genotyping of tick-borne pathogens was 
carried out on the basis of sequencing of isolated gene 
fragments of TBEV, B. burgdorferi s.l., B. miyamotoi, 
A. phagocytophilum and Babesia canis. All detected 
TBEV isolates were assigned to the Siberian genotype, 
subclade V, by analyzing the full-length nucleotide se-
quence of the genome. The sequences were deposited 
in GenBank.
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