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ABSTRACT

Background. To date, the genetic variability of Rickettsia helvetica has not been 
sufficiently studied.
The aim. To study the prevalence and genetic variability of R. helvetica in Ixodes spp. 
collected in Western Siberia and the Russian Far East.
Materials and methods. Ixodes  spp. collected from rodents in  the  Omsk prov-
ince, Western Siberia (n = 280) and collected by flagging on Putyatin and Russky 
Islands in Primorsky Krai, Russian Far East (n = 482) were analyzed for the presence 
of Rickettsia spp. All positive samples were genotyped for the gltA gene fragment. 
For a number of R. helvetica samples, fragments of the 16S rRNA, ompA, ompB, sca4, 
htrA, and groEL genes and 23S–5S intergenic spacer were additionally sequenced.
Results. Four Rickettsia species (R. helvetica, “Candidatus Rickettsia tarasevichiae”, 
“Candidatus Rickettsia uralica”, and “Candidatus Rickettsia mendelii”) were found. 
Of them, R. helvetica was identified in 72.2 % of Ixodes apronophorus and 18.8 % 
of  Ixodes trianguliceps from the  Omsk province and in  single Ixodes persulcatus 
from the Omsk province and Putyatin Island. This is the first finding of Rickettsia spp. 
in I. apronophorus. All known R. helvetica sequences from this study and the GenBank 
database belonged to four well supported monopheletic groups forming genetic line-
ages I–IV. Lineage I included European isolates from Ixodes ricinus, Western Siberian 
isolates from I. persulcatus, and some sequences from I. apronophorus. All R. helvetica 
sequences from I.  trianguliceps from the  Omsk province and  I.  persulcatus from 
the Komi Republic and one sequence from I. apronophorus were assigned to line-
age II. Most sequences from I. apronophorus formed lineage III; all known R. helvetica 
sequences from I. persulcatus from the Far East formed genetic lineage IV.
Conclusion. The  genetic heterogeneity of  R.  helvetica population was first dem-
onstrated. Known isolates of R. helvetica are reliably assigned to four genetic line-
ages, but not in all cases association of different lineages with a specific tick species 
or specific territory was observed.
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РЕЗЮМЕ

Обоснование. Генетическая вариабельность Rickettsia helvetica недоста-
точно изучена.
Цель исследования. Изучить встречаемость и генетическую вариабель-
ность R. helvetica в Ixodes spp., собранных в Сибири и на Дальнем Востоке.
Методы. На наличие риккетсий проанализированы клещи, снятые с грызу-
нов в Омской области (n = 280) и собранные на флаг на островах Путятина 
и Русский в Приморском крае (n = 482). Для всех образцов риккетсий секвени-
рованы фрагмента гена gltA, а для ряда образцов R. helvetica дополнительно 
секвенированы фрагменты  16S rRNA, ompA, ompB, sca4, htrA и groEL генов 
и 23S–5S межгенного спейсера.
Результаты. Всего было выявлено четыре вида риккетсий. Из них R. helvetica 
обнаружена в 72,2 % Ixodes apronophorus и 18,8 % Ixodes trianguliceps из Омской 
области и в единичных Ixodes persulcatus из Омской области и с острова 
Путятина. Это первое выявление риккетсий в I. apronophorus. На основании 
проведённого филогенетического анализа последовательности R. helvetica 
из данной работы и из базы данных GenBank отнесены к четырём генети-
ческим линиям. Линия  I включает европейские изоляты из Ixodes ricinus, 
изоляты из I. persulcatus из Западной Сибири и некоторые последователь-
ности из I. apronophorus. Все последовательности R. helvetica из I. trianguliceps 
из Омской области и из I. persulcatus из Республики Коми, а также последова-
тельность из I. apronophorus отнесены к линии II. Большинство последова-
тельностей из I. apronophorus образуют линию III, а все последовательности 
R. helvetica из I. persulcatus с Дальнего Востока – линию IV.
Заключение. Впервые показана генетическая гетерогенность популяции 
R.  helvetica. Известные изоляты R.  helvetica надёжно отнесены к четырём 
генетическим линиям, однако ассоциация различных линий с определённым 
видом клеща или с определённой территорией наблюдается не во всех 
случаях.

Ключевые слова: Ixodes apronophorus, Ixodes persulcatus, Ixodes trianguliceps, 
Rickettsia helvetica, область симпатрии, генетические линии, филогенети-
ческий анализ
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INTRODUCTION

Rickettsia helvetica Beati et  al. 1993 [Rickettsiaceae;  
Rickettsiales], belonging to the spotted fever group (SFG), 
is one of the causative agents of rickettsioses in Eurasia. Rick-
ettsiosis caused by R. helvetica is characterized by a wide 
range of clinical manifestations: fever is more often with-
out rash, and cases of perimyocarditis, meningitis, and sar-
coidosis have been described [1–5]. This infection is mainly 
diagnosed in European countries. In Russia, only one case 
of rickettsiosis caused by R. helvetica has been described 
in a patient with signs of acute febrile illness from the Perm 
Territory [6].

Specific vectors of  R.  helvetica are ticks of  the  genus  
Ixodes. Rickettsia helvetica is widely prevalent in ticks Ixodes 
ricinus (Linnaeus, 1758) in various European countries [7, 8]. 
In Russia, R. helvetica is observed in different regions; howev-
er, in most regions the occurrence of this species was rather 
low and did not exceed 5–8 %. Thus, R. helvetica was found 
in 4.6 % of the taiga tick (Ixodes persulcatus (Schulze, 1930)) 
in the Komi Republic [9], in 1.9 % of I. persulcatus in the Omsk 
region [10], in 5.1 % of Ixodes spp. in the Altai Territory [11], 
as well as in 8.1 % of Ixodes persulcatus (Pomerantzev, 1946) 
and in 6.9 % of interspecies hybrids of I. persulcatus/I. pav-
lovskyi in the Altai Republic [12]. In the mainland of the Far 
East, the occurrence of R. helvetica in taiga ticks was also low 
and amounted to 3.8–4.3 % in some areas of Khabarovsk 
Territory, and 2.4 % in the south of the Kamchatka Penin-
sula [13, 14]. The exception is Sakhalin Island, where the oc-
currence of R. helvetica in I. persulcatus exceeded 60 % [14].

In addition to I. persulcatus and I. pavlovskyi attacking 
humans, the  nidicolous ticks Ixodes trianguliceps (Birula, 
1895) and Ixodes apronophorus (Schulze, 1924), all devel-
opmental stages of which feed on small mammals, inhabit 
various areas of Western Siberia. Both species have an ex-
tensive but mosaic range. The tick I. apronophorus is a mois-
ture-loving species inhabiting wetlands; one of  its main 
hosts is the European water vole (Arvicola amphibius (Lin-
naeus, 1758)) [15–18].

Many works have been devoted to the study of I. per-
sulcatus for  the  presence of  various species of  rickettsia; 
most often, "Candidatus Rickettsia tarasevichiae" is detected 
in I. persulcatus ticks (up to 90 % of infected ticks), and in rare 
cases  – R.  helvetica, Rickettsia heilongjiangensis, Rickettsia 
raoultii and Rickettsia sibirica [10, 12, 14, 19]. The tick I. tri-
anguliceps is significantly less studied; in our previous stud-
ies, a new candidate species "Candidatus Rickettsia uralica" 
was found in I. trianguliceps ticks, as well as R. helvetica and 
"Candidatus R. tarasevichiae" [19]. Data on  the  infection 
of I. apronophorus ticks with rickettsiae were not available 
at the beginning of this study.

In the southern taiga and sub-taiga of Western Siberia 
there are areas of sympatry of three tick species that belong 
to the genus Ixodes: I. persulcatus, I. trianguliceps and I. apro-
nophorus. In these areas of sympatry, the preimaginal stages 
of I. persulcatus and all developmental stages of I. trianguli-
ceps and I. apronophorus can feed on the same small mam-
mals, which may result in the transmission of any rickettsi-
al species/gene variants from one tick species to another. 

In preliminary studies, we have discovered sites in the sym-
patric regions of  I.  apronophorus/I.  persulcatus/I.  triangu-
liceps in the Omsk region with the high abundance of all 
three tick species [20]. Islands in the Far East are also of great 
interest for study, as one of these islands (Sakhalin Island) 
had an unexpectedly high infection rate of the taiga tick 
with R. helvetica [14].

THE AIM OF THE STUDY

To study the occurrence and genetic variability of R. hel-
vetica in different species of ticks of the genus Ixodes in re-
mote areas of the Omsk region and the Far East.

MATERIALS AND METHODS

Collecting ticks
The material was collected on the territory of Bolsheu-

kovsky district (site Om-Bo, 56°  46’  N, 72°  03’  E) and 
Znamensky district (site Om-Zn, 57°  23’  N, 73°  40’  E) 
of the Omsk Region, as well as on the territory of Putyat-
in Island (site Put 42° 50’ N, 132° 25’ E) and Russky Island 
(site Rus 43° 00’ N, 131° 50’ E), located in Peter the Great 
Bay of the Sea of Japan in Primorsky Territory (Fig. 1). Ix-
odes spp. ticks collected from rodents in the Omsk region 
and ticks collected by flagging in Primorsky Territory were 
included in the study.

Rodents were captured in the Omsk region at the Om-
Bo site in  June 2016 and at  the  Om-Zn site from June 
through September 2014–2015. Animals were examined 
for  the presence of attached ticks (larvae, nymphs and 
adults), which were removed with tweezers. The species 
and developmental stage of  ticks were preliminarily de-
termined using a stereomicroscope MC-800 (Micros, Aus-
tria), according to morphological keys [21]. Some of the en-
gorged and nearly engorged larvae and nymphs were 
stored at  10–15  °C for  1–2  weeks and then transported 
to the laboratory for metamorphosis. The remaining ticks 
were placed in sealed plastic tubes that were stored in li-
quid nitrogen until DNA extraction.

Questing ticks were collected from vegetation by flag-
ging on Putyatin Island in 2021 and on Russky Island in 2019 
and  2021. The  species and  developmental stage of  ticks 
were preliminarily determined based on  morphological 
criteria; only ticks of the genus Ixodes were included in fur-
ther study.

Carrying out metamorphosis of ticks  
under laboratory conditions

Partially engorged larvae and nymphs were fed on 
laboratory white mice to repletion to  successfully un-
dergo metamorphosis. Each engorged tick was placed 
in an individual glass tube and kept in the dark at 100 % 
relative humidity at  24–26  °C until moulting was com-
pleted. The  ticks that underwent metamorphosis after 
4  weeks were individually frozen and stored at –70  °C 
until DNA isolation.
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DNA isolation
Frozen ticks were homogenized with a MagNA Lyser In-

strument using MagNa Lyser Green Beads (Roche Diagnos-
tics, Switzerland). Total DNA was isolated using the Proba 
NK kit (DNA-Technology, Russia) according to the manu-
facturer’s protocol.

Determination of tick species  
by molecular genetic methods

The species of I. persulcatus, I. trianguliceps, and I. apro-
nophorus ticks was determined by  multiplex polymer-
ase chain reaction (PCR) using species-specific primers 
for the  ITS2 intergenic spacer fragment as previously de-
scribed [20]. I. persulcatus, I. pavlovskyi and interspecific hy-
brids were differentiated based on the determination of mi-
tochondrial (cox1) and nuclear (ITS2) loci as described pre-
viously [12].

Identification and genotyping  
of Rickettsia helvetica

Rickettsia DNA was detected using nested PCR 
in  the  presence of  genus-specific primers from the  gltA 
gene region in the first round and primers specific for "Can-
didatus R. tarasevichiae" and specific for SFG rickettsiae 
in the second round, as described previously [14]. The ob-
tained gltA gene fragments were sequenced for all posi-
tive rickettsiae samples from the SFG. For a number of pos-
itive samples containing R. helvetica DNA, gene fragments 
of 16S rRNA, ompA, ompB, sca4, and htrA, as well as a frag-
ment of  the  groESL operon and the  intergenic spac-
er 23S-5S rRNA (23S-5S  IGS) were additionally amplified 
in  the presence of primers indicated in Table 1 for sub-
sequent sequencing. In  addition, the  same fragments 

of seven genetic loci were amplified for samples of R. hel-
vetica revealed earlier on  Sakhalin Island (site Skh) and 
in Khabarovsk Territory (site Khab) [14]. The identified nu-
cleotide sequences have been deposited in the GenBank 
database under accession numbers OQ092468-OQ092487, 
OQ102487-OQ102493, OQ271213-OQ271221, OQ275007-
OQ275011, OQ675828-OQ675832, OQ861252, OQ866612-
OQ866624.

Sequencing and phylogenetic analysis
PCR products were purified using GFX columns (Am-

ersham Biosciences, USA). The Sanger sequencing reac-
tion was performed using BigDye Terminator v. 3.1 Cy-
cling Sequencing Kit (Applied Biosystems, USA) accord-
ing to the manufacturer’s instructions. Sequencing prod-
ucts were purified using CentriSep columns (Princeton 
Separations, USA) and analyzed using ABI 3500 Genet-
ic Analyzer (Applied Biosystems, USA). Sequence analy-
sis was performed using BlastN [29]. Phylogenetic analy-
sis was performed with the MEGA 7.0 phylogenetic soft-
ware package [30] using the maximum likelihood (ML) 
method [31].

RESULTS

Species identification  
of collected ticks

The  species identity of  all ixodid ticks collected 
in  the Omsk Region and Primorsky Territory was deter-
mined using molecular genetic methods. Ticks of three 
species (I. apronophorus, I. persulcatus and I. trianguliceps) 
were found in two sites in the Omsk region, but the pro-

FIG. 1.  
Tick collection sites
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T A B L E   1
PRIMERS USED FOR R. HELVETICA AMPLIFICATION

Locus Organism Round Primer Sequence 5’-3’ T (°С) Ref.

16S gene 
rRNA Rickettsia spp.

I
16S1 gacgggtgagtaacacgtggg

56

[14]
16S2 gtcttttagggatttgctccac

II
16S3 gatggatgagcccgcgtcag

60
16S4 gcatctctgcgatccgcgac

ompA gene 
Fragment I Rickettsia spp.

Rr190.70p atggcgaatatttctccaaaa
55 [22]

190-701 gttccgttaatggcagcatct

ompA gene

Rickettsia spp.

I
Afnw_1 ggcacaaatactttaacattacc

52
#

190-6808 cacgaactttcacactacc [22]

II
Afnw_3 aagcctactcctaaagagaatg

53 #
Afnw_4 cgacagtctctagtgccg

Rickettsia spp.

I
A1 taacattacaagctggaggaagcc

58

#
A2 ttcagagcctgaccaccgg

II
A5 caagtgctggtgatgttacta

56
A6 tagttacatttcctgcacctac

R. helvetica

I
Afn1_helv gtaatactagcatcaccgaaatcc

55
#

190-6808 cacgaactttcacactacc
[22]

II
190-5125 gcggttactttagccaaagg

54
Afnw_4 cgacagtctctagtgccg #

ompB gene 

Rickettsia spp.

I
M59 F ccgcagggttggtaactgc

55
[23]

120-1497m* cctatatcgccggtaattgtagc

#
II

BR1 gttactaatggatttattcaagt
53

BR2 gcataaacttgtccagcgat

Rickettsia spp.

I
B2f_5 taaacttgctgacggtacag

56
#B2f_2 cgattatgccgttatcgcttccaag

II
B2f_3 gtagcctaacaaatgctcaaac

52
120-2399 cttgtttgtttaatgttacggt

[23]

R. helvetica

I
B2f_3 gtagcctaacaaatgctcaaac

52
B2f_2 cgattatgccgttatcgcttccaag

II
B2f_1helv cagtacaattcgctcacaacac

55 #
120-2399 cttgtttgtttaatgttacggt

Rickettsia spp.

I
B1 atatgcaggtatcggtact

56

#
B2 ccatataccgtaagctacat

II
B3 gcaggtatcggtactataaac

56
B4 aatttacgaaacgattacttccgg
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portion of ticks of different species on these sites differed 
significantly. At the Om-Bo site, 67 (40.6 %) I. apronopho-
rus, 73 (44.2 %) I. persulcatus and 25 (15.1 %) I. trianguli-
ceps were identified among 145 ticks removed from 29 ro-
dents and 20 ticks removed from rodents and underwent 
metamorphosis in laboratory conditions, and at the Om-Zn 
site among 115 ticks removed from rodents and molted 
in the  laboratory, 5  (4.4 %) I. apronophorus, 87  (75.6 %) 
I. persulcatus and 23 (20.0 %) I. trianguliceps were found 
(Table 2).

In the Far East, on Putyatina Island, 56 I. persulcatus, 
4 I. pavlovskyi and one I. persulcatus/I. pavlovskyi interspe-
cies hybrid were identified among unfed adults collected 
from vegetation by flagging, and on Russian Island – 190 
I. persulcatus, 199 I. pavlovskyi and 32 interspecies hybrids 
were found (Table 2).

Identification of Rickettsia spp. in Ixodes spp. ticks 
in the Omsk region

Among ticks from the Om-Bo site collected from rodents 
but not molted R. helvetica DNA was identified in 45 (72.5 %) 
I. apronophorus of all development stages (including 1 case 
of R. helvetica and "Candidatus R. tarasevichiae" mixed in-
fection) and in 9 (37.5 %) I. trianguliceps but was not identi-
fied in I. persulcatus. Notably, all infected I. trianguliceps were 
larvae (Table 2). Additionally, "Candidatus R. tarasevichiae" 
DNA was found in 48 (81.4 %) I. persulcatus and 1 (1.6 %) 
I.  apronophorus larvae, and "Candidatus R. uralica" DNA 
was found in 7 (29.2 %) I. trianguliceps. "Candidatus R. tara-
sevichiae" with Rickettsia raoultii was detected in one larva 
(1.6 %) of I. persulcatus.

Among the  molted ticks, 3 out  of  5 are I.  aprono-
phorus from the  Om-Bo site and  4 of  5 I.  apronophorus  

T A B L E   1  ( c o n t i n u e d )

Rickettsia spp.

I
120-3462 ccacaggaactacaaccatt

52 [23]
120-4879m* tagaagtttacacggacttttagag

II
B3f_3f gctggacctgaagctggagc

55
#

120-4879m* tagaagtttacacggacttttagag [23]

sca4 gene Rickettsia spp.

I
D1f atgagtaaagacggtaacct

52 [24]
D1876rm* tagtttgttccgccgtaatc

II
sc1f_3 gatgtaggtgatgaactctg

52
#

D1390r cttgcttttcagcaatatcac [24]

I
sc4-1 atgtctctgaattaagcaatgc

52
#

Rj2837r cctgatactacccttacatc [25]

II
sc4-5 ccggcacaacaacaattgatg

50 #
sc4-6 cctttaccagctcatctactt

I
sc4-3 aattattaggctctgtattaaaga

52
#

D3069r tcagcgttgtggaggggaag [24]

II
sc4-5 ccggcacaacaacaattgatg

52
#

sc4-7 ctctcttttaataggtgttgatt #

htrA gene Rickettsia spp.
17k-5 gctttacaaaattctaaaaaccatata

55 [26]
17k-3 tgtctatcaattcacaacttgcc

23S-5S 
IGS Rickettsia spp.

RCK/23-5-F gataggtcrgrtgtggaagca
55 [27]

RCK/23-5-R tcgggaygggatcgtgtgtttc

groESL
Operon Rickettsia spp.

I
Ric-ESL-F1 ggtaaatgggcaggyaccgaa

60

[28]
Ric-ESL-R1 gaagcaacrgaagcagcatctt

II
Ric-ESL-F2 atcgttatgaaagaaagcgayg

58
Ric-ESL-R2 agwgcagtacgcactactttagc

Note. T (°С) – annealing temperature; m* – modified primer; # – this study.
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T A B L E   2
IDENTIFICATION OF R. HELVETICA IN IXODES SPP. TICKS

Sites/ 
analyzed ticks Tick species Stage Tick population Ticks containing R. helvetica 

DNA, abs. (%)

Om-Bo/ 
collected from rodents

I. apronophorus

Larvae 47 33

Nymphs 5 4

Adults 10 8

All stages 62 45 (72.5)

I. persulcatus

Larvae 55 0

Nymphs 4 0

All stages 59 0

I. trianguliceps

Larvae 17 9

Nymphs 4 0

Adults 3 0

All stages 24 9 (37.5)

Om-Bo/ 
molted

I. apronophorus

Nymphs 2 1

Adults 3 2

All stages 5 3 (60)

I. persulcatus

Nymphs 3 0

Adults 11 0

All stages 14 0

I. trianguliceps
Nymphs 1 0

All stages 1 0

Om-Zn/ 
molting

I. apronophorus

Nymphs 4 3

Adults 1 1

All stages 5 4 (80)

I. persulcatus

Nymphs 23 0

Adults 64 1

All stages 87 1 (1.1)

I. trianguliceps

Nymphs 10 0

Adults 13 0

All stages 23 0
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from  the  Om-Zn site contained R.  helvetica DNA. In  ad-
dition, R.  helvetica was revealed in  one molted I.  persul-
catus as a mixed infection with "Candidatus R.  tarasevi-
chiae" (Table 2). "Candidatus R. tarasevichiae" DNA was re-
vealed in 80  (79.2 %) I.  persulcatus and 2  (8.3 %) I.  trian-
guliceps, while "Candidatus R. uralica" DNA was detected 
in 3 (12.5 %) I. trianguliceps. A mixed infection "Candidatus 
R. uralica" with Rickettsia sp. was revealed in 1 (1 %) nymph 
of I. persulcatus.

Combining data obtained for all examined ticks from 
the  Omsk region, R.  helvetica was revealed in  75.0  % 
of  I.  apronophorus, 18.8  % of  I.  trianguliceps and 1.9  % 
of  I. persulcatus, indicating a close ecological relationship 
between R. helvetica and I. apronophorus.

Identification of Rickettsia spp. in Ixodes spp. ticks 
in the Primorsky Territory

R. helvetica DNA was revealed in only 1 of 56 I. persulca-
tus from Putyatin Island, but was not revealed in any oth-
er tick species from the same site, nor in any of 421 ticks 
of the genus Ixodes from Russky Island (Table 2). "Candi-
datus R. tarasevichiae" DNA was revealed in 42 (75.0 %) 
I. persulcatus, in 1 of 4 I. pavlovskyi and in the single inter-
species hybrid from Putyatin Island, and in 73.7 % of I. per-
sulcatus, 5.3 % of I. pavlovskyi and 31.3 % of inter-species 
hybrids from Russky Island. DNA of "Candidatus Rickett-
sia mendelii" was revealed in 2 I. pavlovskyi on Russky Is-
land (2016).

R. helvetica genotyping
Sequences of  the gltA gene fragment (840  nucleo-

tide pairs) were determined for all R.  helvetica isolates, 
and 6 sequence variants were identified based on ana-
lysis of these sequences. Fragments of ompB (1255 bp), 
sca4(783  bp), and 16S rRNA (684  bp) genes were addi-
tionally sequenced for  a  number of  samples with dif-
ferent variants of  the  gltA gene. Comparative analysis 
of the sequences obtained revealed 7 sequence variants 
of  R.  helvetica differing from each other by  2–8  nucle-
otide substitutions; all detected sequence variants dif-
fered from the sequence of the prototypical strain C9P9 
(AICO01000001) (Fig. 2а).

Phylogenetic  analysis  based on  comparison 
of  the  concatenated sequences gltA-ompB-sca4 with 
a total length of 2259 bps showed that the sequences ob-
tained belong to four genetic lineages (Fig. 3). The sam-
ples belonging to  lineage  I (European lineage) formed 
a  common cluster together with the  prototype strain 
R.  helvetica C9P9 isolated from the  tick I.  ricinus from 
Switzerland. Lineage  I sequences were revealed only  
at the Om-Zn site in three I. apronophorus and one I. persul-
catus (Table 3); these sequences differed from the R. hel-
vetica C9P9 sequences by single substitutions at the gltA 
or ompB genes (Fig.  2a). Lineage  II (I.  trianguliceps line) 
included all samples of  R.  helvetica from I.  trian guliceps 
ticks and one sample from molted I.  apronophorus 
from  the  Om-Bo site. The  lineage  II sequences deter-
mined in  this study were  identical to  previously deter-
mined sequences from two nymphs of  I.  trianguliceps 
taken from  rodents from another area of  Omsk region. 
Lineage III (I. apronophorus line) was the most numerous 
and  included sequences of  48 I.  apronophorus, mainly 
from the Om-Bo site. Samples from this lineage were ge-
netically heterogeneous – one sample differed by a sin-
gle substitution in the gltA gene from the others; notably, 
5 tick samples taken from the same rodent had the same 
substitution in the 16S rRNA gene. Lineage IV (Far Eastern 
lineage) included all determined sequences of R. helvet-
ica from I. persulcatus from the Far East: Putyatin Islands, 
Sakhalin and Khabarovsk Territory (Table 3).

Since most R.  helvetica isolates from the  GenBank 
data base have been characterized using only the ompB 
gene, we used this locus to compare the R. helvetica se-
quences obtained in this study with those published 
previously. Phylogenetic analysis based on comparison 
of the sequences of the ompB gene, 2684 bps in length, 
showed the presence of the same four genetic lineages. 
Based on the analyses conducted, the European lineage 
(lineage I) additionally contained a number of specimens 
of  R.  helvetica from I.  ricinus originated from Germany 
and  one specimen from I.  persulcatus from the  Novosi-
birsk region, and the I. trianguliceps linage (lineage II) ad-
ditionally included 32 specimens of R. helvetica from I. per-
sulcatus from the Komi Republic (Fig. 4). Sequence analy-

T A B L E   2  ( c o n t i n u e d )

Put/ 
collected by flagging

I. persulcatus Adults 56 1 (1.8)

I. pavlovskyi Adults 4 0

hybrids Adults 1 0

Rus/ 
collected by flagging

I. persulcatus Adults 190 0

I. pavlovskyi Adults 199 0

hybrids Adults 32 0

Note. Combined data for all stages examined for each tick species are shown in bold.
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Isolates Tick species Region Lineage

gltA ompB sca4 16S

17
55

25

17
55

76

17
58

47

17
60

92

17
61

56

38
10

79

38
15

49

38
19

58

38
21

76

38
22

39

81
25

83

81
21

47

52
37

27

C9P9 I. ricinus Europe I G C T C C G C G G G G C T

Om-74_Iapr_m I. apronophorus Siberia I . . . . . . . . T . . . .

Om-20_Iper_m I. persulcatus Siberia I . . . T . nd nd nd nd nd . . nd

Om-75_Itr I. apronophorus Siberia II A . . . T A . A T . . . .

Om-145_Iapr I. apronophorus Siberia III . T . . . . T A T A . T .

Om-79_Iapr I. apronophorus Siberia III . T . . . . T A T A . T G

Om-103_Iapr I. apronophorus Siberia III . T A nd nd . T nd nd nd . T nd

Skh-7_Iper I. persulcatus Far East IV . . . . . . . A T . A . .

Put-117_Iper I. persulcatus Far East IV . . . . . . . A T . A . .

а

Isolates Lineage

gltA ompA ompB sca4 htrA 16S IGS
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20
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85
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38
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38
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38
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95

38
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24
81

36
13

81
34

72

81
33

41

81
25

83

81
21

47

81
18

67

19
50

41

52
37

27
52

39
07

11
87

52
2

11
87

46
3

C9P9 I G C C C G T T A C T G C G G G G T C G A A C G C G T T A T G

Novosibirsk08-5 I . . . nd nd nd . . . . . . . . . . . . . nd nd nd nd nd nd nd nd nd nd nd

Komi II . . T nd nd nd . G . C A . A T . A . . . nd nd nd nd nd nd nd nd nd nd nd

Om-74_Iapr_m I . . . . . . . . . . . . . T . . . . . . . . . . . . . . . .

Om-75_Itr II A . T T . . . G T C A . A T . A . . . C G . . . A . . . C .

Om-145_Iapr III . T . . . . G . . C . T A T A . C T . . . . . T . G . G . .

Om-79_Iapr III . T . . . . G . . C . T A T A . C T . . . . . T . G G G . .

Skh-7_Iper IV . . . . A C . . . C . . A T . . C . . . . T A . . . . . C A

Put-117_Iper IV . . . . A . . . . C . . A T . . C . A . . T A . . . . . C A

b

FIG. 2.  
а – condensed alignment based on gene sequences of gltA (840 bp), ompB (1255 bp), sca4 (783 bp) and 16S rRNA (684 bp) sequence vari-
ants of R. helvetica; b – condensed alignment based on gene sequences gltA (1037 bp), ompA (1417 bp), ompB (3100 bp), sca4 (2398 bp), 
htrA (499 bp), 16S rRNA (1070 bp) genes and the intergenic spacer 23S-5S rRNA (23S-5S IGS) (489 bp) of R. helvetica genetic lines. Polymor-
phic sites are listed according to the sequence of R. helvetica, strain C9P9 (AICO01000000). Non-synonymous substitutions are marked 
in green color
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T A B L E   3
PREVALENCE OF DIFFERENT GENETIC LINEAGES OF R. HELVETICA IN IXODES SPP.

Site Tick species Analyzed ticks Number of genotyped 
R. helvetica samples

Number of R. helvetica specimens 
belonging to the lineage

I II III IV

Om-Bo I. apronophorus

Not molted 45 0 0 45 0

Molted 3 0 1 2 0

Total 48 0 1 47 0

I. trianguliceps Not molted 9 0 9 0 0

Om-Zn
I. apronophorus Molted 4 3 0 1 0

I. persulcatus Molted 1 1 0 0 0

Put I. persulcatus Collected by flagging 1 0 0 0 1

Khab I. persulcatus Collected by flagging 1 0 0 0 1

Skh I. persulcatus Collected by flagging 4 0 0 0 4

R. helvetica I. ricinusisolate B81 / Germany HQ232247), (

. , (R isolate M22 / Germany HQ232245)helvetica I. ricinus

, (R. helvetica I. ricinusisolate M19 / Germany HQ232249)

, (R. helvetica I. ricinusisolate W79 / Germany HQ232250)

R. helvetica I. persulcatusNovosibirsk-08-5 / Novosibirsk KU310591), (

strain C9P9 / AICOR. helvetica I. ricinus, Switzerland ( 01000000)

R. helvetica I. ricinusstrain AS819 / Germany MF163037), (

isolate Om-74 lapr m / Omsk (OQ866619)R. helvetica I. apronophorus,

R. helvetica I. persulcatusisolate Komi / Komi Resp. Kp866151), (

R. helvetica I. triangulicepsisolate Om-75 ltr / Omsk (OQ092470),

isolate Om-94 ltr / Omsk (OQ092484)R. helvetica I. trianguliceps,

isolate Om-145 lapr / Omsk (OQ092489)R. helvetica I. apronophorus,

isolate Om-79 laprr / Omsk (OQ092477)R. helvetica I. apronophorus,

R. helvetica I. persulcatusSkh-4 lper / Sakhalin (OQ209945),

R. helvetica I. persulcatusSkh-7 lper / Sakhalin (OQ209952),

Putyatin Isl. ( )R. helvetica I. persulcatusPut-117 lper / 9OQ866620,

R. asiatica strain Maytaro 1284 (Ap019563)

I. trianguliceps
(II)lineage

European

lineage (I)

I. apronophorus
(III)lineage

Far East lineage (IV)

0.001

87

70

85
72

95

FIG. 4.  
Dendrogram constructed by ML method based on sequences of the ompB gene fragment (2684 bps) of R. helvetica. R. asiatica sequence 
was used as an outgroup. Sequences obtained in this study are highlighted in bold font

FIG. 3.  
Dendrogram constructed by ML method based on concatenated sequences of gltA-ompB-sca4 gene fragments (2259 bps). Sequences ob-
tained in this study are highlighted in bold font

R. helvetica I. apronophorusisolate Om-98 lapr m / Omsk,

. 103 , ОR isolate Om- lapr / mskhelvetica I. apronophorus

,R. helvetica I. apronophorusisolate Om-79 lapr / Omsk

145 ,R. helvetica I. apronophorusisolate Om- lapr / Omsk

R. helvetica I. ricinusC9P9 / AIC O01000001), Switzerland (

R. helvetica I. apronophorusisolate Om-74 lapr_m / , Omsk

isolate Om-75 ltr /R. helvetica I. trianguliceps, Omsk

isolate Om-84 ltr /R. helvetica I. trianguliceps, Omsk

isolate Om-89 lapr_m /R. helvetica I. apronophorus, Omsk

Skh-7 lper /R. helvetica I. persulcatus, Sakhalin

4 SakhalinR. helvetica I. persulcatusSkh- lper / ,

Putyatin Isl.R. helvetica I. persulcatusPut-117 lper / ,

R. asiatica strain Maytaro 1284 (AP019563)

I. apronophorus lineage

European lineage

I. apronophorus lineage

Far East lineage

0.001

95

86
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sis of the sca4 gene revealed that the Far Eastern lineage 
also includes R.  helvetica specimens from I.  persulcatus 
from Japan [25].

For more detailed genotyping of the 16S rRNA gene 
sequence (1070 bp), gltA (1037 bp), ompA (1417 bp), 
ompB (3100 bp), sca4 (2398 bp), htrA (499 bp), GroEL 
(1528  bp), as  well as  23S-5S IGS (489  bp) were de-
termined for  eight samples of  R.  helvetica belong-
ing to  different genetic lineages. All groEL gene se-
quences were identical. The  remaining genetic loci 
had polymorphic sites; of these, the ompB gene was 
the most variable. Among the coding sequences, nu-
cleotide substitutions at  15 of  the  25 polymorphic 
sites were nonsynonymous (Fig.  2b). Phylogenetic 
analysis based on a comparison of the concatenated 
sequences 16S – gltA – ompA – ompB – sca4 – htrA – 
IGS (9840 bps) also revealed with a high level of sup-
port the presence of four clusters that corresponded 
to the genetic lineages identified based on the anal-
ysis of shorter sequences (Fig. 5). It should be noted 
that within each genetic lineage, R. helvetica samples 
differed among themselves by 1–2 nucleotide substi-
tutions. In  the case of genetic lines  I and II, samples 
from the  Omsk region differed from samples from 
other regions, and in  the  case of  genetic lineage  IV, 
the sample from Putyatin Island differed by two sub-
stitutions from samples from Sakhalin.

DISCUSSION

Different species of  rickettsiae tend to  be  associated 
with certain species of  ticks. Rickettsia helvetica is  close-
ly related to ticks of the genus Ixodes and is the dominant 
species of  rickettsia in  I.  ricinus in Europe and  I.  persulca-
tus in some regions of Russia (Sakhalin Island and Komi Re-
public) [7, 9, 14].

The  study of  tick infectivity with  infectious agents 
in areas of sympatry is of particular interest because it al-
lows us to compare the pathogen-tick association for dif-

ferent tick species in  the  same area. This study includ-
ed ticks collected at  two sites in  the  areas of  sympatry 
I. apronophorus/I. persulcatus/I. trianguliceps in the Omsk 
region; at the Om-Bo site the abundance of all three tick 
species was high, while at the Om-Zn site I. persulcatus was 
dominant and the abundance of I. apronophorus was low. 
In this study, rickettsiae were first revealed in I. apronopho-
rus. Rickettsia helvetica was revealed in  60–80  % of  ticks 
at  different developmental stages from both sites, indi-
cating a close association of R. helvetica with I. apronopho-
rus (Table 2).

In the Omsk region, R. helvetica was also revealed in sin-
gle I.  persulcatus and in 38 % of  I.  trianguliceps collected 
from rodents from the Om-Bo site. It should be noted that 
R. helvetica was revealed only in I. trianguliceps larvae, but 
not in nymphs and adults (Table 2). Considering that all lar-
vae infected with R. helvetica were collected from only two 
voles, the observed discrepancy can be explained by the in-
sufficient number of I. trianguliceps examined and the un-
even distribution of infected and uninfected larvae, being 
offspring from different females. This uneven distribution 
of larvae can also explain the fact that all R. helvetica sam-
ples with a unique substitution in the 16S rRNA gene were 
revealed only in larvae (but not in adults) of I. apronopho-
rus collected from the same vole.

In addition to the areas of sympatry in the Omsk re-
gion, ticks collected on two islands in Primorsky Territo-
ry were also included in the study. Since an unexpected-
ly high level of  infection of  taiga ticks with R.  helveti-
ca was  previously observed on  Sakhalin Island, it could 
be expected that other islands would also show an atypi-
cal distribution of Rickettsia spp. in different tick species. 
Notwithstanding, on the surveyed Putyatin and Russky is-
lands, as well as on the mainland of the Far East and in Wes-
tern Siberia [10, 12–14, 19], "Candidatus R. tarasevichiae" 
was significantly dominant in I. persulcatus ticks, and R. hel-
vetica was revealed only in one I. persulcatus on Putyat-
in Island (Table 2).

Rickettsia helvetica is a highly variable species. Analysis 
of the sequences of this species determined in this study 

FIG. 5.  
A dendrogram constructed by the ML method based on concatenated sequences of fragments of seven loci (gltA – ompA – ompB – sca4 – 
htrA – 16S rRNA – IGS) (9840 bp). Sequences obtained in this study are highlighted in bold font

R. helvetica I. ricinusstrain C9P9 / AICO, Switzerland ( 01000000)

isolate Om-74 lapr m / OmskR. helvetica I. apronophorus,

isolate Om-75 ltr / OmskR. helvetica I. trianguliceps,

isolate Om-94 ltr / OmskR. helvetica I. trianguliceps,

isolate Om-79 laprr / OmskR. helvetica I. apronophorus,

R. helvetica I. apronophorusisolate Om-145 lapr / Omsk,

Put-117 lper / ,R. helvetica I. persulcatus Putyatin Isl.

,R. helvetica I. persulcatusSkh-4 lper / Sakhalin

,R. helvetica I. persulcatusSkh-7 lper / Sakhalin

R. asiatica strain Maytaro 1284 (Ap019563)

I. trianguliceps
(II)lineage

European

lineage (I)

I. apronophorus
(III)lineage

Far East

lineage (IV)
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95100
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and available in the GenBank database resulted in the as-
signment of  R.  helvetica isolates to  four genetic lineages, 
but the association of different lineages with a particular 
tick species or territory was not observed in all cases. Thus, 
genetic lineage I combined all genotyped specimens from 
I. ricinus from Europe, a number of specimens from I. apro-
nophorus from the Omsk region and specimens from I. per-
sulcatus from the Omsk and Novosibirsk regions. The ge-
netic lineage of I. trianguliceps (lineage II) was found in two 
different species of Ixodes spp. in distant regions: in I. trian-
guliceps in the Omsk region and I. persulcatus in the Komi 
Republic. At the same time, the genetic lineage of I. apro-
nophorus (lineage III) was revealed only in I. apronophorus 
in the Omsk region; and the Far Eastern genetic lineage (lin-
eage IV) was revealed only in I. persulcatus in the Far East. 
Thus, three genetic lineages of R. helvetica were revealed 
in samples from the Omsk region, and only one lineage was 
identified in samples from the Far East.

The observed high genetic heterogeneity of the R. hel-
vetica population may be  associated with a  wide range 
of their vectors: I. ricinus, I. pavlovsky, I. persulcatus, I. apro-
nophorus, I.  trianguliceps, Ixodes hexagonus (Leach  1815), 
Ixodes arboricola (Schulze & Schlottke, 1929), Ixodes ovatus 
(Neumann, 1899) and Ixodes monospinosus (Saito, 1968) [7, 
9, 12, 14, 32]. It should be noted that in I. trianguliceps only 
one sequence variant belonging to genetic lineage II was 
revealed, whereas in  I.  apronophorus five sequence vari-
ants belonging to three genetic lineages were revealed (Ta-
ble 3). Sequences belonging to three lineages were iden-
tified in I. persulcatus ticks: lineage I in ticks from Western 
Siberia, lineage II in ticks from the Komi Republic, and lin-
eage IV in ticks from the Far East. Such inconsistency may 
be associated with the significantly higher genetic varia-
bility of  I. apronophorus and I. persulcatus ticks compared 
to I. trianguliceps [20].

At present, there is no reliable data to support the pres-
ence of co-feeding transmission of rickettsiae in ticks. Al-
though such transmission can occur under artificial con-
ditions (in the case of Rickettsia rickettsia (Wolbach 1919) 
Brumpt 1922)), its impact on pathogen transmission in na-
ture appears to be negligible [33]. Our study of larvae col-
lected from rodents revealed that there was no effective  
contained R. helvetica DNA  transmission of R. helvetica be-
tween different species of Ixodes spp. during simultaneous 
feeding on small mammals. Actually, all I. persulcatus larvae 
collected from rodents were not infected with R. helvetica, 
I. apronophorus larvae contained R. helvetica DNA only from 
lineage III, and I. trianguliceps larvae only from lineage II (Ta-
bles 2, 3). Notably, the association between tick species and 
R. helvetica variants was observed even when larvae of dif-
ferent species were fed on the same rodent.

It should be noted that the data on genetic variability 
of R. helvetica are limited to a small number of studied re-
gions and include mainly samples from Germany, the Komi 
Republic, the Omsk and Novosibirsk Regions, and the Far 
East. Further genotyping of  R.  helvetica specimens from 
other regions and different tick species is needed to assess 
the prevalence of different genetic lineages of this species. 

It is possible that different genetic lineages of R. helvetica 
may differ in their pathogenic properties.

CONCLUSION

In conclusion, a  high level of  infection of  I.  aprono-
phorus ticks with the pathogenic for humans R. helvetica 
was revealed for the first time. High genetic variability was 
observed for R. helvetica samples from the Omsk region. 
For the first time, it was revealed that R. helvetica isolates 
could be  reliably assigned to  four genetic lineages, but 
no strict association of different R. helvetica lineages with 
a particular tick species or territory was observed.

Conflict of interest
The authors of this article declare no  conflicts of  in-

terest.

Financing
This work was supported by the Russian state-funded 

project for the Institute of Chemical Biology and Fundamen-
tal Medicine SB RAS (No. 121031300043-8). 

REFERENCES

1. Fournier  PE, Grunnenberger  F, Jaulhac  B, Gastinger  G, 
Raoult  D. Evidence of Rickettsia helvetica infection in humans, 
eastern France. Emerg Infect Dis. 2000; 6(4): 389-392. doi: 10.3201/
eid0604.000412

2. Fournier  PE, Allombert  C, Supputamongkol Y, Caruso  G, 
Brouqui P, Raoult D. Aneruptive fever associated with antibodies 
to Rickettsia helvetica in Europe and Thailand. J Clin Microbiol. 2004; 
42(2): 816-818. doi: 10.1128/JCM.42.2.816-818.2004

3. Nilsson  K, Lindquist  O, Påhlson  C. Association of Rick-
ettsia helvetica with chronic perimyocarditis in sudden cardiac 
death. Lancet. 1999; 354(9185): 1169-1173. doi:  10.1016/S0140-
6736(99)04093-3

4. Nilsson  K, Påhlson  C, Lukinius  A, Eriksson  L, Nilsson  L, 
Lindquist O. Presence of Rickettsia helvetica in granulomatous tissue 
from patients with sarcoidosis. J Infect Dis. 2002; 185(8): 1128-1138. 
doi: 10.1086/339962

5. Nilsson K, Elfving K, Pahlson C. Rickettsia helvetica in patient 
with meningitis, Sweden, 2006. Emerg Infect Dis. 2010; 16(3): 490-
492. doi: 10.3201/eid1603.090184

6. Nefedova VV, Korenberg EI, Kovalevskii YV, Vorobyeva NN. 
Microorganisms of the order Rickettsiales in taiga tick (Ixodes 
persulcatus Sch.) from the Pre-Ural region. Annals of the Russian 
Academy of Medical Sciences. 2008; 7: 47-50. (In Russ.). [Нефедо-
ва В.В., Коренберг Э.И., Ковалевский Ю.В., Горелова Н.Б., Воро-
бьева Н.Н. Микроорганизмы порядка Rickettsiales у таежного 
клеща (Ixodes persulcatus Sch.) в Предуралье. Вестник РАМН. 
2008; 7: 47-50].

7. Silaghi C, Gilles J, Höhle M, Pradel I, Just FT, Fingerle V, et al. 
Prevalence of spotted fever group rickettsiae in Ixodes ricinus (Acari: 
Ixodidae) in southern Germany. J Med Entomol. 2008; 45: 948–955. 
doi: 10.1603/0022-2585(2008)45[948:posfgr]2.0.co;2



ACTA BIOMEDICA SCIENTIFICA, 2023, Vol. 8, № 6

103
Microbiology and virology

8. Stanko M, Derdáková M, Špitalská E, Kazimírová M. Ticks 
and their epidemiological role in Slovakia: From the past till 
present. Biologia (Bratisl). 2022; 77(6): 1575-1610. doi:  10.1007/
s11756-021-00845-3

9. Kartashov  MY, Glushkova  LI, Mikryukova TP, Korabel-
nikov  IV, Egorova YI, Tupota  NL, et  al. Detection of Rickettsia 
helvetica and Candidatus R. tarasevichiae DNA in Ixodes persul-
catus ticks collected in Northeastern European Russia (Komi 
Republic). Ticks Tick Borne Dis. 2017; 8: 588-592. doi: 10.1016/j.
ttbdis.2017.04.001

10. Shpynov  SN, Fournier  PE, Rudakov  NV, Samoilenko  IE, 
Reshetnikova TA, Yastrebov VK, et  al. Molecular identification 
of a collection of spotted Fever group rickettsiae obtained from 
patients and ticks from Russia. Am  J Trop Med Hyg. 2006; 74(3): 
440-443.

11. Rakov AV, Chekanova TA, Petremgvdlishvili K, Timonin AV, 
Valdokhina AV, Shirokostup SV, et al. High prevalence of Rickett-
sia raoultii found in Dermacentor ticks collected in Barnaul, Altai 
Krai, Western Siberia. Pathogens. 2023; 12(7): 914. doi:  10.3390/
pathogens12070914

12. Rar V, Livanova  N, Sabitova Y, Igolkina Y, Tkachev  S, 
Tikunov  A, et  al. Ixodes persulcatus/pavlovskyi natural hybrids 
in Siberia: Occurrence in sympatric areas and infection by a wide 
range of tick-transmitted agents. Ticks Tick Borne Dis. 2019; 10(6): 
101254. doi: 10.1016/j.ttbdis.2019.05.020

13. Pukhovskaia NM, Rar VA, Ivanov LI, Vysochina NP, Igolki-
na IaP, Fomenko NV, et al. PCR detection of the causative agents 
ofinfections transmitted by  ticks on the Kamchatka Peninsula. 
Meditsinskaya parazitologiya i parazitarnye bolezni. 2010; 4: 36-39. 
(In Russ.). [Пуховская Н.М., Рар В.А., Иванов Л.И., Высочина П.Н., 
Иголкина  Я.П., Фоменко  Н.В., и  др. Выявление методом ПЦР 
возбудителей природно-очаговых инфекций, переносимых 
клещами, на полуострове Камчатка. Медицинская паразито-
логия и паразитарные болезни. 2010; 4: 36-39].

14. Igolkina Y, Bondarenko E, Rar V, Epikhina T, Vysochina N, 
Pukhovskaya N, et al. Genetic variability of Rickettsia spp. in Ixodes 
persulcatus ticks from continental and island areas of the Russian 
Far East. Ticks Tick Borne Dis. 2016; 7: 1284-1289. doi:  10.1016/j.
ttbdis.2016.06.005

15. Malkova MG, Bogdanov II Parasite fauna of the water 
vole Arvicola terrestris and its nests in south of Western Siberia. 
Parazitologiya. 2004; 38: 33-45. (In Russ.). [Малькова М.Г., Богда-
нов И.И. Паразитофауна водяной полевки (Arvicola terrestris) 
и ее гнезд на юге Западной Сибири. Паразитология. 2004; 
38: 33-45].

16. Karimov AV, Korallo-Vinarskaya NP, Kuzmenko YF, Vinar-
ski  MV. Ixodes apronophorus Schulze (Acari: Ixodida: Ixodidae): 
Distribution, abundance, and diversity of its mammal hosts in West 
Siberia (Results of a 54-year long surveillance). Diversity. 2022; 14: 
702. doi: 10.3390/d14090702

17. Yakimenko VV, Malkova  MG, Shpynov  SN. Ixodid ticks 
of the Western Siberia: Fauna, ecology, basic research methods. Omsk; 
2013. (In  Russ.). [Якименко  В.В., Малькова  М.Г., Шпынов  С.Н. 
Иксодовые клещи Западной Сибири: фауна, экология, основные 
методы исследования. Омск; 2013].

18. Nowak-Chmura  M, Siuda  K. Ticks of Poland. Review 
of contemporary issues and latest research. Ann Parasitol. 2012; 
58(3): 125-155.

19. Igolkina  YP, Rar  VA, Yakimenko  VV, Malkova  MG, 
Tancev AK, Tikunov AY, et al. Genetic variability of Rickettsia spp. 
in Ixodes persulcatus/Ixodes trianguliceps sympatric areas from 
Western Siberia, Russia: Identification of a new Candidatus rick-
ettsia species. Infect Genet Evol. 2015; 34: 88-93. doi:  10.1016/j.
meegid.2015.07.015

20. Rar V, Yakimenko V, Tikunov A, Vinarskaya N, Tancev A, 
Babkin I, et al. Genetic and morphological characterization of Ixodes 
apronophorus from Western Siberia, Russia. Ticks and Tick-Borne 
Diseases. 2020; 11(1): 101284. doi: 10.1016/j.ttbdis.2019.101284

21. Filippova NA. Ixodid ticks of the subfamily Ixodinae. Lenin-
grad: Nauka; 1977. (In Russ.). [Филиппова Н.А. Иксодовые клещи 
подсемейства Ixodinae. Ленинград: Наука; 1977].

22. Fournier  PE, Roux V, Raoult  D. Phylogenetic analysis 
of spotted fever group rickettsiae by  study of the outer sur-
face protein rOmpA. Int  J Syst Bacteriol. 1998; 48(3): 839-849. 
doi: 10.1099/00207713-48-3-839

23. Roux V, Raoult D. Phylogenetic analysis of members of the 
genus Rickettsia using the gene encoding the outer-membrane 
protein rOmpB (ompB). Int J Syst Evol Microbiol. 2000; 50: 1449-1455. 
doi: 10.1099/00207713-50-4-1449

24. Sekeyova  Z, Roux V, Raoult  D. Phylogeny of Rickettsia 
spp. inferred by comparing sequences of ‘gene D’, which encodes 
an intracytoplasmic protein. Int J Syst Evol Microbiol. 2001; 51(4): 
1353-1360. doi: 10.1099/00207713-51-4-1353

25. Matsumoto  K, Inokuma  H. Identification of spotted 
fever group Rickettsia species by  polymerase chain reaction-
restriction fragment length polymorphism analysis of the sca4 
gene. Vector Borne Zoonotic Dis. 2009; 9(6): 747-749. doi: 10.1089/
vbz.2008.0098

26. Labruna  MB, McBride  JW, Bouyer  DH, Camargo  LM, 
Camargo EP, Walker DH. Molecular evidence for a spotted fever 
group Rickettsia species in the tick Amblyomma longirostre in 
Brazil. J Med Entomol. 2004; 41(3): 533-537. doi: 10.1603/0022-
2585-41.3.533

27. Jado  I, Escudero  R, Gil  H, Jiménez-Alonso  MI, Sousa  R, 
García-Pérez AL, et al. Molecular method for identification of Rick-
ettsia species in clinical and environmental samples. J Clin Microbiol. 
2006; 44(12): 4572-4576. doi: 10.1128/JCM.01227-06

28. Shao JW, Zhang XL, Li WJ, Huang HL, Yan J. Distribution 
and molecular characterization of rickettsiae in ticks in Harbin area 
of Northeastern China. PLoS Negl Trop Dis. 2020; 14(6): e0008342. 
doi: 10.1371/journal.pntd.0008342

29. National Library of Medicine. Basic Local Alignment Search 
Tool. URL:  http://www.ncbi.nlm.nih.gov/BLAST [date of access: 
05.09.2023].

30. Molecular Evolutionary Genetics Analysis. URL: http://www.
megasoftware.net/manual.html [date of access: 05.09.2023].

31. Kumar Lab – Laboratory of Sudhir Kumar. URL: http://www.
kumarlab.net/publications [date of access: 05.09.2023].

32. Parola P, Paddock CD, Socolovschi C, Labruna MB, Median-
nikov O, Kernif T, et al. Update on tick-borne rickettsioses around 
the world: A geographic approach. Clin Microbiol Rev. 2013; 26(4): 
657-702. doi: 10.1128/CMR.00032-13

33. Moraes-Filho  J, Costa  FB, Gerardi  M, Soares  HS, Labru-
na MB. Rickettsia rickettsii co-feeding transmission among Ambly-
omma aureolatum Ticks. Emerg Infect Dis. 2018; 24(11): 2041-2048. 
doi: 10.3201/eid2411.180451



ACTA BIOMEDICA SCIENTIFICA, 2023, Vol. 8, N 6

104
Microbiology and virology

Information about the authors
Vera A. Rar – Cand. Sc. (Biol.), Senior Research Officer at the Laboratory of Molecular Microbiology, Institute of Chemical Biology and Fundamental Medicine, Siberian Branch of the Russian 
Academy of Sciences, e-mail: rarv@niboch.nsc.ru, https://orcid.org/0000-0002-5930-5306
Yana P. Igolkina – Cand. Sc. (Biol.), Junior Research Officer at the Laboratory of Molecular Microbiology, Institute of Chemical Biology and Fundamental Medicine, Siberian Branch of the Russian 
Academy of Sciences, e-mail: igolkina@inbox.ru, https://orcid.org/0000-0001-5604-1846
Valeriy V. Yakimenko – Dr. Sc. (Biol.), Chief Research Officer, Head of the Laboratory of Arbovirus Infections of the Department of Natural Focal Viral Infections, Omsk Research Institute of Natural 
Focal Infections, e-mail: yakimenko_vv@oniipi.org, https://orcid.org/0000-0001-9088-3668
Artem Yu. Tikunov – Cand. Sc. (Biol.), Senior Research Officer, Head of the Laboratory of Antimicrobials, Institute of Chemical Biology and Fundamental Medicine, Siberian Branch of the Russian 
Academy of Sciences, e-mail: arttik@ngs.ru, https://orcid.org/0000-0001-5613-5447
Aleksey Yu. Nikitin – Dr. Sc. (Biol.), Leading Research Officer at the Zoological and Parasitological Department, Irkutsk Antiplague Research Institute of Siberia and Far East of Rospotrebnadzor, 
e-mail: nikitin_irk@mail.ru, https://orcid.org/0000-0002-3918-7832
Tamara I. Epikhina – Lead Engineer at the Laboratory of Molecular Microbiology, Institute of Chemical Biology and Fundamental Medicine, Siberian Branch of the Russian Academy of Sciences, 
e-mail: tiepikhina@gmail.com, https://orcid.org/0009-0005-7077-1809
Nina V. Tikunova – Dr. Sc. (Biol.), Chief Research Officer, Head of the Laboratory of Molecular Microbiology, Institute of Chemical Biology and Fundamental Medicine, Siberian Branch of the Russian 
Academy of Sciences, e-mail: tikunova@niboch.nsc.ru, https://orcid.org/0000-0002-1687-8278


