BOMPOCHI BUPYCOJIOIMU. 2026; 71(1)
https://doi.org/10.36233/0507-4088-358

OPUTUHAJbHbBIE NCCNEAOBAHUA

W) Check for updates

ORIGINAL STUDY ARTICLE |:|
DOI: https://doi.org/10.36233/0507-4088-358

© KARTASHOV M.YU., KURUSHINA V.YU., ZHELEZNOVA A S., SVIRIN K.A., MATERIKINA E.I., TERNOVOI V.A., 2026

Detection of Yezo virus (Nairoviridae, Orthonairovirus,
Orthonairovirus yezoense) circulation in Ixodes persulcatus
ticks in the Amur Region, Russia

Mikhail Yu. Kartashov , Valentina Yu. Kurushina, Alina S. Zheleznova, Kirill A. Svirin,
Ekaterina |. Materikina, Vladimir A. Ternovoi

State Research Center of Virology and Biotechnology «Vector», 630559, Koltsovo, Novosibirsk region, Russia

Abstract

Introduction. The unfavorable epidemiological situation with viral tick-borne infections can be characterized
not only by an increase in the incidence of «classical», well-known diseases, but also by the discovery of new
pathogens, the role of which remains poorly understood. Yezo virus (YEZV) belongs to the group of recently
discovered tick-borne nairoviruses. YEZV circulation is characteristic of Japan, China, and a number of regions in
Russia (Primorsky, Khabarovsk, and Zabaykalsky Krais; Tomsk Oblast).

The aim of the study was to screen and characterize the molecular genetics of YEZV isolated from ticks in the
Amur region.

Materials and methods. In the study, 704 individual tick samples (463 I. persulcatus ticks and 241 H. concinna
ticks) collected from vegetation in 15 locations in 5 districts of the Amur Region were analyzed for the presence of
YEZV RNA. Full-length genomic sequencing of the identified YEZV genetic variant was performed by preliminary
enrichment of YEZV cDNA using multiplex PCR with a primer panel developed by us.

Results. The YEZV infection rate in the studied sample of /. persulcatus ticks was 0.2% (1/463; 95% CI: 0.1-1.2).
Conclusion. The results of this study expand our understanding of the spread of YEZV in Russia. Up-to-date
information on the circulation and genetic diversity of nairoviruses that pose a potential threat to humans and
animals contributes to the regulation and adjustment of preventive and anti-epidemic measures, as well as the
implementation of adequate region-oriented laboratory diagnostics of IPK in the Far East, and especially in areas
bordering China.
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BoisiBneHne umpkynsauum Yezo virus (Nairoviridae,
Orthonairovirus, Orthonairovirus yezoense) B knewiax Ixodes

persulcatus Ha TeppuTopun AMypcKkou obnactu

Kaptawos M.1O. , KypywuHa B.1O., XKenesHosa A.C., CeupuH K.A., MaTepuknHa E..,
TepHoBon B.A.

PBYH «locynapCcTBEHHBIN HAaYYHbIN LIEHTP BMpYyconornm n uotexHonorum «Bektop» ®enepansHol cnyx0bbl no Haa-
30py B cdhepe 3awmThl Npas notpebutener n bnarononyyns yenoseka (PocnotpebHaasop), 630559, p.n. KonbLoso,
HoBocubupckas obnacts, Poccus

Pestome

BeepeHue. Hebnaronony4Has anuaeMumonornyeckas CuTyaums ¢ BUPYCHbIMU MHADEKLMAMN, NEPEHOCUMbIMU Krie-
wamn (UMK), MoxXeT xapakTepm3oBaTbCa HE TONbKO POCTOM BCTPEHAEMOCTH yXKe U3BECTHbIX 3aboneBaHunii, HO 1
BbISIBIEHNEM HOBbIX BO30yAMTENen, posib KOTOPbIX NoKa ocTaeTca ManounsydeHHow. K rpynne HegaBHO OTKPbITLIX
HaMpOBKPYCOB, NEPEHOCUMBIX KNneLlamu, oTHocuTest Yezo virus (YEZV). Uupkynsuus YEZV xapaktepHa ans Ano-
Hun, Kutas u psaga pernoHo Poccun (Mpumopckun, Xabaposckui, 3abarkaneckuii kpas, Tomckas o6nactb).
Llenb paboTbicocTosina B Joka3aTenbCTBe LMPKYNAUMU Ha TeppuTopum AMypCKON 06rnacTv HeaBHO OTKPbLITOrO
Hauposupyca - YEZV, a Takke ero MonekynsipHoO-reHeTU4eCKoN xapakTepucTvke nytem onpegeneHns nosHore-
HOMHOW HYKNeoTUAHOW NocnenoBaTenbHOCTU BbISIBIIEHHOIO reHeTuyeckoro BapuaHta YEZV.

Martepuanbl u Metoabl. B nccnegosanHum Ha Hannume PHK YEZV npoaHanuanpoBaHbl 704 nHavBuayanbHble
npobbl knewer (463 knewa Buaa Ixodes persulcatus n 241 kneww Buaa Haemaphysalis concinna), 0TNOBNEHHbIX
C pactuTtenbHOCTU B 15 nokauusx, pacnonioxeHHblXx B 5 parioHax Amypckow obnactu. NpoBeaeHo cekBeHMpo-
BaHWe MNorHopa3sMepHON reHOMHOW MocrnefoBaTeNibHOCT BbISBIEHHOIO reHeTudeckoro BapuaHta YEZV nytem
npegBaputensHoro oborawenns kAHK YEZV meTogomMm mMynbTUNNEKCHON MONMMEPa3HOM LienHOW peakuum ¢ muc-
nonb3oBaHneM pa3paboTaHHON HaMW NaHeNu NpanmMepoB.

Pesynbratbl. YpoBeHb uHdpuumposaHHoctM YEZV B nccneayemon Bbibopke knewen [ persulcatus coctaBun
0,2% (1/463; 95% AW 0,1-1,2).

3akntoyeHue. MNonyyeHHble faHHbIE pacLUMPSIOT NpeacTaBneHms o pacnpoctpaHeHun YEZV Ha tepputopun Poc-
cum. AkTyanbHas MHOpMaUKMs O LMPKYNALUN U TEHETUYECKOM pa3HOOo6pasnm HaMpoBMPYCOB, NPEACTaBMSOLMNX
noTeHuManbHyo ONacHOCTb AfS YenoBeKa W XXMBOTHBIX, CNOCOBCTBYET PerynmpoBaHuIo U KOPPeKTUpoBKe Npodu-
NaKTUYECKMX Y NPOTUBOINMOEMUYECKMX MEPONPUATUI, a TaKkke NPOBEAEHUIO aleKBAaTHOWN permoHanbHO-OpUEHTU-
poBaHHON nabopartopHon guarHoctukm UMK Ha Tepputopun JansHero BocToka, u npexae Bcero B NpurpaHnUYHbIX
¢ Kutaem obnactsix.

KntoueBble cnoBa: Hauposupychki; supyc Meso; YEZV: ukcodosble kneuju; AMypckasi obriacms

Onsa untnpoBanuma: Kaprawos M.IO., KypywwuHa B.1O., )KenesHosa A.C., CeupuH K.A., MatepukuHa E.U., Tep-
HoBol B.A. BbisiBneHune umpkynauum Yezo virus (Nairoviridae, Orthonairovirus, Orthonairovirus yezoense) B
knewax /xodes persulcatus Ha TeppuTopun Amypckorn obnactu. Borpocek! supyconoeuu. 2026; 71(1): 53-61.
DOI: https://doi.org/10.36233/0507-4088-358 EDN: https://elibrary.ru/dsmina

d’MHaHCMpOBaHMe. I/Iccne,qosaHMe 6bINO BbINOIHEHO npu nogaepxke MI/IHI/ICTepCTBa HayKun 1 BbiCLUEro 06pa3OBaHVIF|
Poccuinckon ®egepaumu (cornawenne Ne 075-15-2025-526).

BnarogapHocTh. ABTOpPbI BblpaXatoT 6narogapHOCTb pyKOBOACTBY M cOTpyAHUKaMm PBY3 «LIeHTp rurmeHsl n anuaemu-
onorun B AMypckolt obnactuy, nobe3Ho NpeaocTaBMBLUMM MONEBOM MaTepuan Ans nposefeHust nabopaTopHbIX Ucche-
[OBaHWN.

KoHNUKT MHTepecoB. ABTOpPbI [eKNapupyoT OTCYTCTBUE SIBHBIX W NOTEHLMANbHBIX KOHQIIMKTOB UHTEPECOB, CBSI3aH-
HbIX C NyGnvKaumen HacTosLLEen CTaTbu.

Introduction

Tick-borne diseases (TBDs) remain one of the most
significant problems of infectious pathology inasignificant
part of the Russian Federation. According to official
statistics, the number of people seeking medical help in
the Russian Federation for tick bites in 2024 was 314.86
per 100,000 population (which in absolute terms amounts
to approximately 500,000 cases). It should also be noted
that not all victims seek medical attention for tick bites
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and are included in the statistics, so the actual number of
such cases may be significantly higher.

The epidemiological significance of TBDs is
determined not only by the high incidence of well-known
nosological forms (which primarily include viral tick-
borne encephalitis, ixodid tick-borne borreliosis, tick-
borne rickettsiosis), but also by the constant addition
of new pathogens (primarily viral in nature) to the list,
whose role in infectious pathology remains poorly
understood. Metagenomic analysis approaches based on
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modern methods of mass parallel sequencing have made
it possible to identify many new viruses carried by ticks
and causing disease in humans. These newly discovered
viruses include representatives of flavivirus-like viruses
with segmented genome (Jingmen tick virus, Alongshan
tick virus, Yanggou tick virus, etc.), Bourbon virus and
Dabie bandavirus (formerly known as SFTS virus) [1-
3]. A significant number of viruses transmitted by ticks
and capable of causing disease in humans and mammals
with a wide range of clinical manifestations belong to the
genus Orthonairovirus of the family Nairoviridae [4].
Representatives of this taxonomic group include both
well-known pathogens (Crimean-Congo hemorrhagic
fever virus, Nairobi sheep disease virus, Dugbe virus) and
recently discovered viruses (Zacheng tick-borne 1 virus,
Songling virus, Beiji nairovirus, etc.). Yezo virus (YEZV)
can also be included in the group of recently discovered
tick-borne nairoviruses. YEZV was first detected in
Japan (on the island of Hokkaido) in two patients with
fever, leukopenia, and thrombocytopenia that appeared
after a tick bite. Retrospective studies of serum samples
from 248 patients living on Hokkaido Island with a
history of fever of unknown etiology that developed after
a tick bite revealed YEZV RNA in five more people [5].
Studies of ticks inhabiting Hokkaido Island have detected
YEZV genetic material in three species of ticks: Ixodes
persulcatus, I. ovatus and Haemaphysalis megaspinosa,
with a prevalence ranging from 1.3% to 3.7%. Serological
studies have shown that YEZV infection is also common
among wild animals. For example, on Hokkaido Island,
antibodies to YEZV were detected in serum samples from
raccoons (Procyon lotor) and raccoon dogs (Nyctereutes
procyonoides albus) [5].

YEZV RNA was detected in an extensive study of
ticks collected in northeastern China (Inner Mongolia,
Heilongjiang, and Jilin provinces), where the infection
rate in [ persulcatus ticks was 0.4-0.5%. YEZV
infection has also been reported in China. In a study
involving 402 patients with a history of tick bites, YEZV
RNA was detected in one subject [6].

In Russia, YEZV genetic material was detected in
1. persulcatus ticks collected in Primorsky, Khabarovsk,
and Zabaykalsky Krais [7], as well as in 1. paviovskiy
ticks inhabiting the Tomsk Region [§].

The Amur region, one of the key industrial and
agricultural regions of the Far East, is characterized by a
high incidence of tick bites among the population and an
increase in the intensity of the epidemic process of TBDs,
recorded over the past few years [9]. To date, only three
nosological forms of TBDs are officially registered in the
Amur Region: viral tick-borne encephalitis, ixodid tick-
borne borreliosis, and tick-borne rickettsiosis. However,
as mentioned above, the tense epidemiological situation
with regard to TBDs may be determined not only by the
increase in the incidence of already known nosological
forms, but also by the discovery of new pathogens and the
infections they cause, whose role in regional infectious
pathology remains little or virtually unexplored. The
geographical proximity of the Amur Region to the interior
regions of China, where a wide variety of pathogenic

OPUTUHAJbHbBIE NCCNEAOBAHUA

viruses, including YEZV, have been reported [10, 11],
as well as the widespread distribution of the arthropod
vectors themselves and the constant expansion of areas
subject to anthropogenic impact, make it necessary
to monitor the entire known spectrum of tick-borne
pathogens in this territory.

The aim of the study was to prove the circulation of
the recently discovered YEZV nairovirus in the Amur
Region, as well as to characterize its molecular genetics
by determining the whole-genome nucleotide sequence
of the identified YEZV genetic variant.

Materials and methods

A total of 463 individual samples of /. persulcatus ticks
(250 females and 213 males) and 241 individual samples
of H. concinna ticks (132 females and 109 males) were
collected and analyzed in the study. The ticks were
collected from vegetation using the “flag” method
in 15 locations in five districts of the Amur Region
(Arkharinsky, Bureysky, Svobodnensky, Skovorodinsky
and Shimanovsky) (Fig. 1). This stage of the study
was carried out in compliance with the biosafety rules
regulated by MU 1.3.2569-09 and SanPiN 3.3686-21.
The coordinates of the tick collection sites were recorded
using a Garmin GPSMAP 65s GPS navigator (USA).
A map showing the locations where the ticks were
collected was created using the online service uMap
(https://umap.openstreetmap.fr/ru/) and a free map layer
from OpenStreetMap (https://www.openstreetmap.org/)
(Fig. 1). Before starting molecular genetic testing of ticks,
they were washed twice with 70% ethanol to remove
external contaminants and external microflora.

The samples of the studied ticks were mechanically
homogenized in 300 pl of sterile phosphate-buffered
saline using a TissueLyser LT homogenizer (Qiagen,
Germany). Total nucleic acids were extracted using
the phenol-chloroform extraction method with the
LIRA+ reagent kit (Biolabmix, Russia). The first strand
of complementary DNA (cDNA) was synthesized in
a reverse transcription reaction using MMLV reverse
transcriptase and random decanucleotide primers (Eu-
rogen, Russia). The obtained samples were tested for
the presence of YEZV RNA using real-time polymerase
chain reaction (PCR) with a pair of primers (YEZV_F:
CACCAGGCATTTACCTCTACTT and YEZV_R: TG-
GAGTCAAGGGCTGTTATG) and a fluorescently la-
beled probe (YEZV_Z: CY5-TGCCAGGGCTACTGT-
GATGCATAA-BQ2), corresponding to the M segment
fragment. Real-time PCR amplification and detection
were performed on a BioRad CFX-96 thermocycler
(Bio-Rad, USA) in a 25 pL reaction mixture prepared
using the BioMaster HS-qPCR kit (2x) (Biolabmix,
Russia). Real-time PCR results were recorded according
to the standard method based on the presence or absence
of intersection of the fluorescence curve with the estab-
lished threshold line. Fluorescence signal accumulation
curves were analyzed using BioRad CFX-96 software;
the criterion for a positive sample at the screening stage
was a typical sigmoid shape of the signal accumulation
curve and a Ct value not exceeding 35.
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Fig. 1. Locations where the studied ticks were collected (marked with blue markers).
The location where YEZV RNA was detected in the collected ticks is marked in red.
Puc. 1. Mecra 0T710Ba HCCIeyeMBIX KIIEIeH (OTMEYEHbI CHHIMHI METKaMM).

KpacHbeiM oT™MeueHa JToKals, Te B coOpaHHbIX Kieniax O6bi1a BesiBieHa PHK YEZV.

To identify genetic markers of other TBD pathogens
(tick-borne encephalitis virus, Borrelia burgdorferi s.l.,
B. miyamotoi, Ehrlichia chaffeensis, E. muris, Anaplas-
ma phagocytophilum), “Amplisens TBEV, B. burgdor-
feri sl, A. phagocytophillum, E. chaffeensis/E. muris-FL.
Detection of infectious agents transmitted by ixodid
ticks” (RU: FSR 2010/09026) and “AmpliSens Borrelia
miyamotoi-FL. Detection of Borrelia miyamotoi” (RU:
RZN 2018/7316) (AmpliSens, Russia) commercial-
ly available kits were used. To detect Rickettsia DNA,
a pair of primers were used (PrF gltA: GGCTTCG-
GTCATCGTGT and PrR gltA: TTGCTATTTGTAA-
GAGCGGATTG), as well as an oligonucleotide probe
Z(ROX) gltA: ROX-CCACGTGCCGCAGTACTTA-
AAGAAAC-BHQ?2’[12]. Real-time PCR was performed
on a BioRad CFX-96 thermocycler (Bio-Rad, USA) ac-
cording to the manufacturer’s instructions or the recom-
mended protocol for published primers.

To perform whole-genome sequencing of the identi-
fied YEZV genetic variant, cDNA enrichment was first
carried out using multiplex PCR with a primer panel
developed by us, which allows amplification of overlap-
ping fragments with an average length of about 1000 nu-
cleotides (the length of the fragment overlap region is
about 150 nucleotides) [7]. The primers included in this
panel were selected using the PerlPrimer v. 1.1.21 pro-
gram [13] based on degenerate consensus sequences
obtained by aligning the available full-length sequences
of the S, M and L segments of YEZV. The optimal an-
nealing temperature of oligonucleotides and the prob-
ability of specific interactions between primers were
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determined using the OligoCalc service [14]. Multiplex
enrichment was performed in 4 reaction mixtures us-
ing the BioMaster HS-Tag PCR kit (Biolabmix, Rus-
sia), followed by evaluation of enrichment efficiency
by electrophoresis in 2% agarose gel and measurement
of double-stranded DNA concentration on a Qubit 2.0
device using the Qubit dsDNA HS Assay Kit (Thermo
Fisher Scientific, USA).

Library preparation for high-throughput sequencing
was performed using the NEBNext Ultra II FS DNA Li-
brary Prep Kit for [llumina (NEB, UK). The preparation
process included fragmentation, end repair, and dA-tail-
ing, as well as adapter ligation using a single enzyme
mixture. Sequencing was performed on the Illumina
MiSeq platform (Illumina, USA). To remove adapters,
short sequences, and low-quality sequences (quality
score less than 20 and length less than 30 nucleotides),
FASTQ files were processed using fastp v. 0.20.1
(https://github.com/OpenGene/fastp/) [15]. Pre-pro-
cessed reads were aligned to the reference genome
YEZV (LC790676, LC790675, LC790674) obtained
from the NCBI GenBank database using BWA MEM
v. 0.7.18 (https://github.com/lh3/bwa) [16]. SAM/BAM
files were processed and analyzed using Samtools v. 1.11
[17]. The iVar v. 1.2.2 program [18] was used to extract
the consensus sequence from BAM files.

Phylogenetic trees were constructed in MEGA 11 [19]
using the maximum likelihood method with the Tamu-
ra—Nei evolutionary model (TN93). The statistical signif-
icance of the topology of phylogenetic trees was assessed
using the Bootstrap analysis method with 1000 pseu-
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do-samples. Visualization was performed using
the iTOL program [20].

When performing statistical analysis of the data
and calculating the 95% confidence interval (CI),
Wilson’s estimate without continuity correction
(https://pedro.org.au/wp-content/uploads/Clcal-
culator.xls) was used.

Results

When screening 463 samples of . persulcatus
ticks for the presence of YEZV RNA, one sample
containing YEZV genetic material (Ct = 24.3)
was identified. The YEZV infection rate in the
studied sample of /. persulcatus ticks was 0.2%
(1/463; 95% CI 0.1-1.2). The YEZV-infected
tick was caught in the Arkharinsky District
near the Amur federal highway (geographical
coordinates: 49.468778; 130.158701). No YEZV
RNA was detected in the studied sample of H.
concinna ticks. For the identified genetic variant of
YEZV, full-length sequences of all three genome
segments were determined and deposited in the
GenBank database under numbers PX353463
for segment S, PX353464 for segment M, and
PX353465 for segment L.

Phylogenetic analysis did not show clear
clustering ofknown YEZV isolates by geographical
location (prototype variants isolated in China and
Japan) or source of isolation (prototype variants
isolated from ticks or humans).

Phylogenetic trees demonstrate that the YEZV
genetic variant detected in the 1. persulcatus tick
in the Amur Region, when analyzed across all
three segments, clearly clusters with the prototype
YEZV sequences previously detected in China
(the highest level of homology when compared
by segments S and M is demonstrated with the
YBQG1712 variant found in ticks from the
Chinese province of Yanbian, and when compared
by segment L with the Chinese variants MDJ003,
MDJ014, MDIJ025, isolated from patients in
Heilongjiang Province, China). It is interesting to
note that there is no clear clustering of the YEZV
genetic variant from the Amur region with other
variants circulating in Russia. Overall, when
analyzing all three segments, the closest to the
identified variant from Russian isolates is YEZV,
found in the Khabarovsk region (Fig. 2).

The genetic similarity of nucleotide and de-
duced amino acid sequences between the YEZV
variant detected in the Amur Region and a number
of prototype YEZV isolates circulating in Russia,
China, and Japan is shown in the Table. As ex-
pected, when compared with known prototypes,
the most conservative segment in terms of both
nucleotide and amino acid sequence is segment L,
which encodes RNA-dependent RNA polymerase.

The highest level of intraspecies variation in
the nucleotide sequences of YEZV genetic vari-
ants found in Russia (analysis performed for the
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Fig. 2. Phylogenetic trees constructed by analyzing full-length sequences of YEZV segments.

Isolates circulating in Russia are highlighted in red; isolates circulating in China are highlighted in blue; isolates circulating in Japan are highlighted in green.

YEZV.

KpaCHHM ]JJpI/I(i)TOM BBIJICJICHBI BAPUAHTBHI, 06Hapy)1<em—lble B POCCI/II/I; CHUHHUM [IBETOM BBIJICIICHbI BApUAHTHI, 06Hapy)KeHHBIC B KI/ITae; 3€JICHBIM LIBETOM BBIJICJICHBI BAPUAHTBHI, 06Hapy)!(eHHHe B SImoHuH.

, IOCTPOCHHBIC IIPU aHAJIN3€C MOJTHOPA3MEPHBIX ITOCICA0BATCIIBHOCTEH CETMEHTOB

Puc. 2. dunorenernueckue aepeBbs

9]
3
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identified genetic variant and previously identified Pri-
morye-2024-1, Primorye-2024-2, Primorye-2024-3, Chi-
ta-2024-1 and Khabarovsk-2024-1) is characteristic of
segment S (the average difference when comparing full-
length sequences is 2.8%). The differences in nucleotide
sequences for the M and L segments are 1.7%. When
comparing the deduced amino acid sequences, variability
of these segments ranges from 0.3% (for the L segment)
to 0.5% (for the S and M segments) (Fig. 3).

Discussion

The presence of natural foci of various TBDs, the
constant expansion of areas subject to anthropogenic
impact, and the existence of a professional contingent
working in natural foci areas determine the continued
risk of infection with various human TBD pathogens
in the Amur Region. According to official statistics,
from 2014 to 2020, there was a downward trend
in the incidence of TBDs in the Amur Region, but
since 2021, there has been an upward trend in the intensity
of the epidemic process from 0.26 to 2.080/000Q in2023.[9].
The key result of this study is the first detection of YEZV
RNA in I. persulcatus ticks in the Amur Region. The
fact that YEZV genetic material has been detected in
ticks in the Amur Region may indicate that, in addition
to the officially registered nosological forms, the actual
spectrum of TBDs in this territory may be much broader.
In this regard, special attention should be paid to areas
bordering China and territories that have been subjected
to significant anthropogenic impact, as well as to areas
remote from the regional center with lower levels of
access to medical care, including laboratory diagnostics.
It is interesting to study the immune response to YEZV

living in this territory, as well as to identify molecular
genetic and serological markers of YEZV among various
mammals that are potential reservoirs of the virus.

An important aspect of studying the diversity and
evolution of viruses is the study of the genetic stability of
their genomes. It is known that viruses with a segmented
genome quite often undergo rearrangement/recombination
events, which contribute significantly to their genetic
variability. However, the topology of phylogenetic trees
for known genetic variants of YEZV, constructed for all
three segments, is virtually identical, suggesting a high
degree of adaptation of this virus to both invertebrate
vectors and vertebrate hosts.

To rule out the possible integration of fragments of
the YEZV viral genome into the tick genome [21, 22],
PCR was performed in parallel with a positive sample
without the reverse transcription step, which resulted in
no amplicons being produced.

Natural foci of many TBDs, due to common vectors and
reservoirs of infection, are usually combined, which raises
the issue of the development of mixed infections. In this
study, all samples of the ticks studied were additionally
analyzed by PCR for the presence of genetic markers of tick-
borne encephalitis virus, rickettsia, B. burgdorferi s.l., B.
miyamotoi, and A. phagocytophilum. Among the sample of
1 persulcatus ticks studied, no tick-borne encephalitis virus
RNA was detected, and the infection rate of B. burgdorferis.l.
was 7.6% (35/463; 95% CI 5.5-10.3), B. miyamotoi —4.1%
(19/463; 95% CI 2.6-6.3), A. phagocytophilum — 1.9%
(9/463; 95% CI 1.1-3.6). The highest infection rate was
characteristic of rickettsiae, which were detected in 82.3%
of the 1. persulcatus ticks studied (381/463; 95% CI 78.5—
85.5). Rickettsia DNA was also detected in 10.4% of H.

Fig. 3. Divergence between YEZV genetic variants circulating in Russia at nucleotide and amino acid level.

Puc 3. YpoBeHb pa3nuuus HyKICOTHAHBIX 1 aMUHOKHCIIOTHBIX TIOCIIEA0BATENIFHOCTEH TeHETHIECKUX BapuaHToB YEZV,
HUPKYJIUPYIOIIMX Ha Tepputopuu Poccuu.
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Table. Level of identity of nucleotide and amino acid sequences (%) of YEZV isolates detected in the Amur Region compared to prototype isolates

Tabauma. YpoBeHb CXOICTBA HYKJICOTHIHOM N aMHHOKHCIIOTHOM TTociieioBarenbHocTe (%) BBISBICHHOTO B AMypcKoii obiactu Bapuanta Y EZV

10 CPAaBHECHHUIO C NPOTOTUITHBIMU U30JIATaMHU

Prototype isolate (location and source of isolation)

Segment S
CermeHnt S

Segment M
Cerment M

Segment L
Cermenr L

ITpoToTHNHBI BApHAHT (MECTO U HCTOUYHUK OOHAPYKECHHS)

nuc aa nuc aa nuc aa

Primorye-2024-1 (Russia, Primorsky Krai, tick)
(Poccus, ITpumopckuii kpait)

PV061578, PV061573, PV061568
Primorye-2024-2 (Russia, Primorsky Krai, tick)
(Poccus, ITpumMopckuii kpaif)

PV061579, PV061574, PV061569
Primorye-2024-3 (Russia, Primorsky Krai, tick)
(Poccus, ITpumMopckuii kpaid)

PV061580, PV061575, PV061570
Chita-2024-1 (Russia, Transbaikal Region, tick)
(Poccusi, 3abaiikanbckuit kpait)

PV061581, PV061576, PV061571
Khabarovsk-2024-1 (Russia, Khabarovsk Krai, tick)
(Poccust, XabapoBckuit kpait)

PV061582, PV061577, PV061572

YBQC1712 (China, Yanbian, tick)

(Kuraii, Yanbian, kierr)

OR148885, OR148884, OR148886
THQC1707B (China, Tonghua, tick)

(Kuraii, Tonghua, kiern)

OR148882, OR148881, OR148883

MDJO014 (China, Heilongjiang, human)
(Kuraii, Heilongjiang, uenoBek)
PQ220359, PQ220364, PQ220369
MDJ486 (China, Jilin, human)
(Kwuraii, Jilin, uenoBek)
PQ220361, PQ220366, PQ220371
BT-2155 (Japan, tick)

(SInonus, kierr)

LC790682, LC790681, LC790680
HHO11-2020 (Japan, tick)
(SInonus, yenoBek)

LC621360, LC621359, LC621358

95.51 99.40 98.12 99.48 98.37 99.67

95.64 99.40 98.15 99.41 98.34 99.70

97.98 99.40 98.60 99.71 98.23 99.75

97.98 99.00 97.77 99.19 98.51 99.60

98.36 99.40 98.41 99.49 98.50 99.79

98.55 99.40 97.41 99.34 97.41 99.75

98.29 99.20 96.06 98.75 96.28 99.32

98.48 99.60 98.29 99.71 98.58 99.80

98.17 99.40 98.62 99.63 98.14 99.60

98.42 99.40 98.57 99.62 98.24 99.62

93.68 100.00 97.15 99.26 97.34 99.62

concinna ticks (25/241; 95% CI 7.1-14.8). Rickettsia DNA
was also detected in a tick sample positive for YEZV RNA,
indicating the possibility of mixed infection with these two
TBDs.

Conclusion

The study is the first to demonstrate the circulation of
the recently discovered nairovirus YEZV in the Amur
Region and to determine the complete genome nucleotide
sequence of the identified genetic variant of YEZV. The
data obtained contribute to the understanding of the
genetic diversity and phylogeography of this pathogen
in Russia and are of direct practical importance for
the epidemiological surveillance system. Up-to-date
information on the circulation and genetic diversity of
nairoviruses that pose a potential danger to humans and
animals contributes to the regulation and adjustment of
preventive and anti-epidemic measures, as well as the
implementation of adequate region-oriented laboratory
diagnostics of TBDs. The detection of YEZV circulation
in I. persulcatus ticks in the Amur Region confirms
the necessity for further monitoring of YEZV spread
in natural TBD foci in the Far East, especially in areas
bordering China.

The high frequency of TBD pathogens in ixodid ticks
dictates the necessity for comprehensive laboratory
diagnosis of these diseases in individuals who have
sought medical attention for tick bites, taking into account
the detection of not only known but also newly identified
pathogens in endemic areas. This, in turn, highlights the
necessity to develop diagnostic test systems with high
sensitivity and specificity for the detection of newly
discovered pathogens, as well as the active introduction
of these diagnostic tools into practical healthcare.
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