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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.
Foranumber of R. helvetica samples, fragments of the 16S rRNA, ompA, ompB, sca4,
htrA, and groEL genes and 235-5S 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.
inl.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-1V. Lineage l included European isolates from Ixodes ricinus, Western Siberian
isolates from . persulcatus, and some sequences from . apronophorus. All R. helvetica
sequences from |. trianguliceps from the Omsk province and |. persulcatus from
the Komi Republic and one sequence from I. apronophorus were assigned to line-
age ll. Most sequences from I. apronophorus formed lineage Ili; 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.

Keywords: Ixodes apronophorus, Ixodes persulcatus, Ixodes trianguliceps, Rickettsia
helvetica, sympatric areas, genetic lineages, phylogenetic analysis
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PE3IOME

O6ocHoeaHue. [eHemuyeckas eapuabenbHocms Rickettsia helvetica Hedocma-
MOYHO U3yYeHa.

Lens uccnedosaHus. V3yyume scmpeuyaeMocme U 2eHemu4eckyto 8apuabeso-
Hocme R. helvetica 8 Ixodes spp., cobparHeix 8 Cubupu u Ha [anvHem Bocmoke.
Memoodel. Ha Hanuyue pukkemculi npoaHanu3upo8aHsl Keuju, CHAMele C 2pbi3y-
Hos 8 Omckol obnacmu (n = 280) u cobpaHHsie Ha ¢pnaz Ha ocmpogax [lymamuHa
u Pycckudi 8 lpumopckom kpae (n = 482). [lna scex 06paszyos pukkemcud cekgeHu-
posaHbl ppazmeHma 2eHa gltA, a ons pada o6pasyos R. helvetica dononHumesbHo
cekgeHuposaHsl ppazmeHmel 16S rRNA, ompA, ompB, sca4, htrA u groEL 2eHos
u 235-5S mexeeHHo20 cnelicepa.

Pesynbmamel. Bcezo 6b1s10 8bisi871eHO Yemblpe 8udd pukkemcud. Y13 Hux R. helvetica
06HapyxeHa e 72,2 % Ixodes apronophorus u 18,8 % Ixodes trianguliceps uz Omckoli
obnacmu u 8 eOuHUYHbIX Ixodes persulcatus uz Omckol obaacmu u ¢ ocmposa
MymamuHa. 3mo nepgoe 8visignieHue pukkemculi 8 l. apronophorus. Ha ocHogaHuu
nposedéHHO20 (husio2eHeMUYEeCK020 dHAU3a nocsiedosamesieHocmu R. helvetica
u3 0aHHoU pabomel u U3 6asvl 0aHHbIx GenBank omHeceHbl K yembipém 2eHemu-
yeckum nuHuUAaM. JluHus | ekniodaem egponelickue uzonamel u3 Ixodes ricinus,
uzoniamel u3 I. persulcatus u3 3anadHol Cubupu u Hekomopele nocs1e008amerib-
Hocmu u3 l. apronophorus. Bce nociedosamensHocmu R. helvetica uz . trianguliceps
u3 Omckoti obnacmu u us l. persulcatus us Pecny6nuku Komu, a makxe nociedoga-
mesnibHoCcMb U3 I. apronophorus omHeceHbl K auHUU Il. bonewuHcmMeo nociedosa-
mensHocmelti u3 l. apronophorus o6pasyrom uHuto lll, a ece nocnedosamensHocmu
R. helvetica us I. persulcatus c JaneHe2o Bocmoka — nuHuio V.

3aknioyeHue. Bnepgvie NOKA3aHA 2eHeMUYecKas 2emepo2eHHOCMb nonynayuu
R. helvetica. M3secmHsie u3onamel R. helvetica HA0EXXHO omHeceHbl K Yemublpém
2eHemuYecKUM JIUHUAM, OOHAKO ACCOUUayus pas/iuyHbIX JUHUU C onpeode1éHHbIM
8UOOM KJlewd usu ¢ onpedenéHHol meppumopueli Habiodaemcs He 80 8cex
Cyyasx.

Knrouesonie cnosa: Ixodes apronophorus, Ixodes persulcatus, Ixodes trianguliceps,
Rickettsia helvetica, obnacme cumnampuu, 2eHemuy4eckue JIUHUU, ¢huozeHemu-
Yeckuli aHanu3

Onauntnposanua: Pap B.A, VironknHa A.MN., Aknmenko B.B., TukyHos A.tO., HnkntnH A f.,
EnuxuHa T.M., TukyHoBa H.B. TeHeTnueckas reTeporeHHOCTb nonynsauuu Rickettsia helvetica.
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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 asin 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 /. persulcatus and I. paviovskyi 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 . 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 /. 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 /. tri-
anguliceps is significantly less studied; in our previous stud-
ies, a new candidate species "Candidatus Rickettsia uralica"
was found in . 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 /. trianguli-
ceps and . 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.
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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.



FIG. 1.
Tick collection sites

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]. . 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
generegion 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
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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 0Q092468-0Q092487,
0Q102487-0Q102493,0Q271213-0Q271221,0Q275007-
0Q275011,0Q675828-0Q675832,0Q861252,0Q866612-
0Q866624.

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-



TABLE 1

ACTA BIOMEDICA SCIENTIFICA, 2023, Vol. 8, N26

PRIMERS USED FOR R. HELVETICA AMPLIFICATION

Locus Organism Round Primer Sequence 5’-3’ T (°C) Ref.
16S1 gacgggtgagtaacacgtggg
| 56
16S2 gtcttttagggatttgctccac
Isl_\slgene Rickettsia spp. [14]
U 16S3 gatggatgagcccgcegtcag
I 60
1654 gcatctctgcgatccgcgac
Rr190.70p atggcgaatatttctccaaaa
gmp A ge? Ie Rickettsia spp. 55 [22]
eI 190-701 gttccgttaatggcagcatct
Afnw_1 ggcacaaatactttaacattacc #
| 52
190-6808 cacgaactttcacactacc [22]
Rickettsia spp.
Afnw_3 aagcctactcctaaagagaatg
I 53 #
Afnw_4 cgacagtctctagtgccg
Al taacattacaagctggaggaagcc
| 58
A2 ttcagagcctgaccaccgg
ompA gene Rickettsia spp. #
A5 caagtgctggtgatgttacta
I 56
A6 tagttacatttcctgcacctac
Afn1_helv gtaatactagcatcaccgaaatcc #
| 55
190-6808 cacgaactttcacactacc
R. helvetica [22]
190-5125 gcggttactttagccaaagg
I 54
Afnw_4 cgacagtctctagtgccg #
M59 F ccgcagggttggtaactgc [23]
| 55
120-1497m* cctatatcgccggtaattgtagc
Rickettsia spp.
BR1 gttactaatggatttattcaagt #
I 53
BR2 gcataaacttgtccagcgat
B2f_5 taaacttgctgacggtacag
| 56
B2f 2 cgattatgccgttatcgcttccaag #
Rickettsia spp.
B2f 3 gtagcctaacaaatgctcaaac
I 52
120-2399 cttgtttgtttaatgttacggt
ompB gene
B2f 3 gtagcctaacaaatgctcaaac [23]
| 52
B2f 2 cgattatgccgttatcgcttccaag
R. helvetica
B2f_Thelv cagtacaattcgctcacaacac
I 55 #
120-2399 cttgtttgtttaatgttacggt
B1 atatgcaggtatcggtact
| 56
B2 ccatataccgtaagctacat
Rickettsia spp. #
B3 gcaggtatcggtactataaac
I 56
B4 aatttacgaaacgattacttccgg
95
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TABLE 1 (continued)

120-3462

120-4879m*

Rickettsia spp.
B3f_3f

120-4879m*

D1f
D1876rm*
sc1f 3
D1390r
sc4-1

Rj2837r

sca4 gene Rickettsia spp.

sc4-5
sc4-6
sc4-3
D3069r
sc4-5
sc4-7

17k-5

htrA gene Rickettsia spp.

17k-3

acec RCK/23-5-F

IGS Rickettsia spp.

RCK/23-5-R
Ric-ESL-F1

grOESL Ric-ESL-R1

Syeren Rickettsia spp.

Ric-ESL-F2
Ric-ESL-R2

Note. T(°C) - annealing temperature; m* — modified primer; # — this study.

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 |. 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. paviovskyi and 32 interspecies hybrids
were found (Table 2).

96

ccacaggaactacaaccatt
52 [23]
tagaagtttacacggacttttagag
gctggacctgaagctggagc #
55
tagaagtttacacggacttttagag [23]
atgagtaaagacggtaacct
52 [24]
tagtttgttccgccgtaatc
gatgtaggtgatgaactctg #
52
cttgcttttcagcaatatcac [24]
atgtctctgaattaagcaatgc #
52
cctgatactacccttacatc [25]
ccggcacaacaacaattgatg
50 #
cctttaccagctcatctactt
aattattaggctctgtattaaaga #
52
tcagcgttgtggaggggaag [24]
ccggcacaacaacaattgatg #
52
ctctcttttaataggtgttgatt #
gctttacaaaattctaaaaaccatata
55 [26]
tgtctatcaattcacaacttgcc
gataggtcrgrtgtggaagca
55 [27]
tcgggaygggatcgtgtgtttc
ggtaaatgggcaggyaccgaa
60
gaagcaacrgaagcagcatctt
(28]
atcgttatgaaagaaagcgayg
58

agwgcagtacgcactactttagc

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 %) 1. trianguliceps but was not identi-
fiedin . 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
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TABLE 2
IDENTIFICATION OF R. HELVETICA IN IXODES SPP. TICKS

Larvae 47 33
Nymphs 5 4
I. apronophorus
Adults 10 8
All stages 62 45 (72.5)
Larvae 55 0
I. persulcatus Nymphs 4 0
All stages 59 0
Larvae 17 9
Nymphs 4 0
I trianguliceps
Adults 3 0
All stages 24 9(37.5)
Nymphs 2 1
I. apronophorus Adults 3 2
All stages 5 3(60)
Nymphs 3 0
I. persulcatus Adults 11 0
All stages 14 0
Nymphs 1 0
I. trianguliceps
All stages 1 0
Nymphs 4 3
I. apronophorus Adults 1 1
All stages 5 4(80)
Nymphs 23 0
I. persulcatus Adults 64 1
All stages 87 1(1.1)
Nymphs 10 0
I trianguliceps Adults 13 0
All stages 23 0
97
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TABLE 2 (continued)

I. persulcatus Adults
Put/ )
collected by flagging I paviovskyi Adults
hybrids Adults
I. persulcatus Adults
Rus/ )
collected by flagging I paviovskyi Adults
hybrids Adults

Note. Combined data for all stages examined for each tick species are shown in bold.

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. pavilovskyi and in the single inter-
species hybrid from Putyatin Island, and in 73.7 % of /. 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 lIs-
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 gl/tA 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 COP9
(AICO01000001) (Fig. 2a).
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Phylogenetic analysis based on comparison
of the concatenated sequences g/tA-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 | (European lineage) formed
a common cluster together with the prototype strain
R. helvetica C9P9 isolated from the tick I ricinus from
Switzerland. Lineage | sequences were revealed only
atthe Om-Znssite in three . 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 Il (I. trianguliceps line)
included all samples of R. helvetica from I. trianguliceps
ticks and one sample from molted /. apronophorus
from the Om-Bo site. The lineage Il 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 lll (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 g/tA 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
database 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 Il) ad-
ditionally included 32 specimens of R. helvetica from I. per-
sulcatus from the Komi Republic (Fig. 4). Sequence analy-
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FIG. 2.

a - 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), 165 rRNA (1070 bp) genes and the intergenic spacer 235-55 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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R. helvetica isolate Om-98 lapr m /I. apronophorus, Omsk
95 R. helvetica isolate Om-103 lapr /I. apronophorus, Omsk
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I. apronophorus lineage

i| European lineage

R. helvetica isolate Om-84 Itr /I. trianguliceps, Omsk I. apronophorus lineage
R. helvetica isolate Om-89 lapr_m /I. apronophorus, Omsk

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

R. helvetica Skh-4 Iper /I. persulcatus, Sakhalin Far East lineage

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

R. asiatica strain Maytaro 1284 (AP019563)

—
0.001

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

TABLE 3
PREVALENCE OF DIFFERENT GENETIC LINEAGES OF R. HELVETICA IN IXODES SPP.

Number of R. helvetica specimens
Number of genotyped belonging to the lineage

Site Tick species Analyzed ticks L A i

| Il ]| 1\

Not molted 45 0 0 45 0

Om-Bo I. apronophorus Molted 3 0 1 2 0
Total 48 0 1 47 0

I trianguliceps Not molted 9 0 9 0 0

I. apronophorus Molted 4 3 0 1 0

Om-Zn

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 isolate B81 / I. ricinus, Germany (HQ232247)

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

R. helvetica isolate M19 / I. ricinus, Germany (HQ232249)

R. helvetica isolate W79 / I. ricinus, Germany (HQ232250) European
R. helvetica Novosibirsk-08-5 / I. persulcatus, Novosibirsk (KU310591) | lineage (1)
R. helvetica strain COP9 / I. ricinus, Switzerland (AICO01000000)

R. helvetica strain AS819 / I. ricinus, Germany (MF163037)

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

R. helvetica isolate Komi / I. persulcatus, Komi Resp. (Kp866151) i i
TL{ I. trianguliceps

R. helvetica isolate Om-75 Itr / I. trianguliceps, Omsk (0Q092470) lineage (Il)
72 R. helvetica isolate Om-94 Itr / I. trianguliceps, Omsk (0Q092484)
R. helvetica isolate Om-145 lapr / I. apronophorus, Omsk (0Q092489) i|l. apronophorus
95R. helvetica isolate Om-79 laprr / I. apronophorus, Omsk (0Q092477) |lineage (lll)

R. helvetica Skh-4 Iper / I. persulcatus, Sakhalin (0Q209945)
R. helvetica Skh-7 Iper / I. persulcatus, Sakhalin (0Q209952)
— R. helvetica Put-117 Iper / I. persulcatus, Putyatin Isl. (90Q866620)
R. asiatica strain Maytaro 1284 (Ap019563)

i| Far East lineage (IV)

—
0.001

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
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FIG. 5.

92 R. helvetica strain C9P9 / I. ricinus, Switzerland (AICO01000000)
R. helvetica isolate Om-74 lapr m / I. apronophorus, Omsk

R. helvetica isolate Om-75 Itr / I. trianguliceps, Omsk
100'R. helvetica isolate Om-94 Itr / I. trianguliceps, Omsk
R. helvetica isolate Om-79 laprr / I. apronophorus, Omsk

European
lineage (l)

}
]

]

I. trianguliceps
lineage (Il)

I. apronophorus

R9Belvetica isolate Om-145 lapr / I. apronophorus, Omsk lineage (1)
R. helvetica Put-117 Iper / I. persulcatus, Putyatin Isl.
. . Far East
97 R. helvetica Skh-4 Iper / I. persulcatus, Sakhalin lineage (IV)

R. helvetica Skh-7 Iper / I. persulcatus, Sakhalin
R. asiatica strain Maytaro 1284 (Ap019563)

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

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 165 rRNA gene
sequence (1070 bp), gltA (1037 bp), ompA (1417 bp),
ompB (3100 bp), scad (2398 bp), htrA (499 bp), GroEL
(1528 bp), as well as 235-5S 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 | and II, samples
from the Omsk region differed from samples from
other regions, and in the case of genetic lineage 1V,
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 /. 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-
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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 . apronopho-
rus (Table 2).

Inthe 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 thein-
sufficient number of 1. 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 . 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 dominantin 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



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 | combined all genotyped specimens from
I. ricinus from Europe, a number of specimens from /. apro-
nophorus from the Omsk region and specimens from /. per-
sulcatus from the Omsk and Novosibirsk regions. The ge-
netic lineage of I. trianguliceps (lineage Il) was found in two
different species of Ixodes spp. in distant regions: in /. trian-
guliceps in the Omsk region and I. persulcatus in the Komi
Republic. At the same time, the genetic lineage of /. apro-
nophorus (lineage Ill) was revealed only in I. apronophorus
inthe 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. paviovsky, 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 /. trianguliceps only
one sequence variant belonging to genetic lineage Il 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 | in ticks from Western
Siberia, lineage Il 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 1. 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 lll, and . trianguliceps larvae only from lineage Il (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.
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