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Abstract

Tick-borne encephalitis virus (TBEV) causes tick-borne encephalitis (TBE), a severe disease of the
human central nervous system. Currently, the data on the genetic variants of TBEV in Kyrgyzstan is
practically absent, so the aim of this study was to analyze and describe the genetic diversity of TBEV
in Kyrgyzstan. The complete genome sequences of seven TBEV strains from the collection of the
Scientific Centre for Family Health and Human Reproduction Problems, Irkutsk, Russia isolated from
Ixodes persulcatus ticks from Kyrgyzstan were determined by next generation sequencing approach
with high-performance sequencer MiSeq (Illumina, USA). A molecular genetic analysis of the
obtained sequences and sequences of two TBEV strains isolated previously in Kyrgyzstan from the
GenBank database demonstrated that the Siberian subtype of three genetic lineages (Zausaev,
Vasilchenko and Bosnia) is predominantly distributed in Kyrgyzstan, and TBEV of the Far Eastern
subtype is also present. To date, this is probably southernmost range boundary for these TBEV
subtypes.

Keywords: tick-borne encephalitis virus; Kyrgyzstan; subtypes; genetic lineages; Ixodes persulcatus

1. Introduction

Tick-borne encephalitis virus (TBEV), currently known as Orthoflavivirus encephalitidis of the
Orthoflavivirus genus of the Flaviviridae family [1], is the causative agent of tick-borne encephalitis
(TBE), a severe disease of the human central nervous system. TBEV has a single-stranded positive-
sense RNA genome of approximately 10.5-11 kb in length. This includes a 5" type I cap, 5'- and 3'-
noncoding regions and one open reading frame (ORF), which encodes three structural and seven
non-structural proteins [2]. TBE foci have been identified in many European and Asian countries,
where up to 12,000 cases of the disease are detected annually. The mortality rate ranges from 0.2% to
20%, depending on the region and possibly the virus subtype [2].

In accordance with the generally accepted classification, TBEV is currently divided into three
subtypes: Far Eastern (IBEV-FE), Siberian (IBEV-Sib) and European (TBEV-Eu) [3]; in addition, two
putative TBEV subtypes have been described: Baikalian [4] and Himalayan [5]. TBEV-Sib is the most
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common subtype and, with the exception of Central and Western Europe, is found in all regions
where TBEV has been detected. Five genetic lineages have currently been described for TBEV-5ib:
Zausaev, Vasilchenko, Baltic, Obskaya, and Bosnia [3,6], with each lineage having specific patterns
of geographical distribution. Genetic lineages have also been described for the Far Eastern and
European subtypes [2].

Kyrgyzstan (or officially, the Kyrgyz Republic) is located in Central Asia, bordering the TBE-
endemic regions of Kazakhstan and China, and is therefore at risk of the spread of TBE within its
territory. The alternation of mountain ranges and intermontane depressions determines the
exceptional diversity of the landscapes and, as a result, the diversity of arthropods, including TBEV
vectors.

Data on the epidemiology and clinical picture of TBE in Kyrgyzstan are very fragmentary.
Isolated studies show that both TBEV and TBE cases are detected in this territory. Thus, previously
in Kyrgyzstan, TBEV has been found in ticks [7], and the presence of TBEV seropositivity was shown
in humans and birds [8,9]. However, since the late 1990s, there has been no data on the spread of
TBEV in Kyrgyzstan. In the early 2000s, field studies were conducted to assess the risk level of
zoonotic diseases, including TBE. As a result of the study, the distribution of tick-borne encephalitis
was identified, namely in two areas of the Ala-Archa National Nature Park. A repeat experiment was
conducted to collect animals and ticks in these areas, which resulted in the discovery of ticks infected
with TBEV whose genome corresponded to the Siberian subtype, as well as the presence of IgG and
IgM to TBEV in small mammals [10].

Cases of TBE in Kyrgyzstan have been reported both in 1976-1981 [11] and more recently [10].
Every year, with the onset of the tick season, the media publish instructions for the population on
how to prevent TBE infection (see, for example, [12. 13]), which may also indicate the relevance of
this problem in the region.

Assessing the spread and studying the specific characteristics of TBEV populations in low-
endemic regions is a pressing task in the field of virology. Data on the genetic diversity of tick-borne
encephalitis virus strains in Kyrgyzstan is practically absent, which makes this issue particularly
interesting. Therefore, the aim of this study was to analyze the genetic diversity of TBEV in
Kyrgyzstan.

In this study, we demonstrated for the first time that the TBEV-Sib and TBEV-FE subtypes were
found in Kyrgyzstan. The TBEV-Sib subtype was represented by at least three genetic lineages:
Zausaev, Vasilchenko and Bosnia. Given that different TBEV subtypes predominantly cause different
forms of the disease, these data are important for predicting disease severity and providing direction
for further study of tick-borne encephalitis in this region.

2. Materials and Methods
2.1. TBEV Strains

In this study, the TBEV strains from the collection of the Scientific Centre for Family Health and
Human Reproduction Problems, Irkutsk, Russia (Collection Ne478258, http://www.ckp-rf.ru) were
used. The strains were isolated from I. persulcatus ticks collected in Kyrgyzstan in 1986 (Figure 1) and
maintained by intracerebral inoculation to white non-linear mice weighing 6-7 g. Mice were housed
in plastic cages (four to six animals per cage) under normal daylight conditions. Water and food were
provided ad libitum. All animal procedures were carried out in accordance with the
recommendations for the protection of animals used for scientific purposes (EU Directive 114
2010/63/EU). All experiments conducted on animals were approved by the local Bioethics Committee
of the Scientific Centre for Family Health and Human Reproduction Problems, Irkutsk, Russia
(Protocol No. 3.5 dated Apr 07, 2021).
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Figure 1. Collection locations and genetic variants of TBEV samples found in Kyrgyzstan. Settlements are
marked with black circles. Collection locations and genetic variants of TBEV are marked in red: e Far-Eastern
subtype; Siberian subtype lineages: © Zausaev; o Vasilchenko; ® Bosnia.

The map is based on the map of Kyrgyzstan provided by Joint Research Centre, ECHO,
European Commission (https://commons.wikimedia.org/wiki/File:Kyrgyzstan_Base_Map.png),
licensed for free usage and changing under the Creative Commons Attribution 4.0 International (CC-
BY-4.0) license.

Information on TBEV strains, collection dates, isolation sources, and collection locations is
presented in Table 1.

The brain tissue samples from infected mice were placed in RNA/DNA shield solution (Zymo
Research, USA) for inactivation, transport and preservation of RNA integrity.

2.2. TBEV RNA Isolation

RNA from TBEV strains was isolated from brain suspensions of infected mice using the QlAamp
Viral RNA Mini Kit (Qiagen, Germany) according to the manufacturer's protocol.

Table 1. Information on TBEV strains isolated in Kyrgyzstan.

. . GenBank
. Collecti Isolation ) ) .
Strain Collection location accession
on date source
no.
I . _
Ak-Suu-3 1986 | persulcatu | 22KSuu village, Ak-Suu District, | 1,y o, o)
s Issyk-Kul Oblast, Kyrgyzstan
L Boz-Uchuk village, Ak-Suu
Buzuuchuk 1986 persulcatu | District, Issyk-Kul Oblast, PX470192
s Kyrgyzstan
Chone-Kemin L Chon-Kemin National Park,
& 3 1986 persulcaty | Kemin District,  Chiiy Oblast, | PX470193
s Kyrgyzstan
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Chone-Kemin L Chon-Kemin National Park,
8 4 1986 persulcatu | Kemin District, ~ Chiiy Oblast, | PX470194
s Kyrgyzstan
L
Keeeti vill hiiv Distri
Kegety-2 1986 | persulcatu eg,etl village, Chity District, PX470195
s Chiiy Oblast, Kyrgyzstan
Kerege-Tash village, Ak-Suu
Lpersulcat L
Kerege-Tash-1 1986 s District, Issyk-Kul Oblast, PX470196
Kyrgyzstan
L . —_
Turgen-1 1986 persulcatu Turgen village, Ak-Suu District, PX470197
s Issyk-Kul Oblast, Kyrgyzstan
Kemin District, Chiiy Oblast, OR55582
Kyrgyzstan 5%,
23-Kyr-KDCA- L OR55582
26 2023 persulcatu 6%,
(or 23-Kyr-26) s OR89686
9*
[14]
I Ala-Archa National Nature HM64123
KY ) P hii last, K * PQO1
. 0? (or 2009 persulcatu ark, Chiiy Oblast, Kyrgyzstan | 5% PQ015
Siberian) s 165%
[10,15]

*Sequences of TBEV strains from the GenBank database (https://www.ncbi.nlm.nih.gov/nucleotide/).

2.3. TBEV Genome Amplification and Sequencing

For primary screening for the presence of TBEV in the samples, reverse transcription followed
by PCR (RT-PCR) was used with a set of oligonucleotide primers (TBEV_E7, 5 -
GGCATAGAAAGGCTGACAGTG -3; TBEV_E10, 5- GATACCTCTCTCCACACAACCAG -3)),
specific to the E-NS1 gene sequences of all TBEV subtypes, developed earlier [16]. RNA libraries were
prepared using the KAPA RNA HyperPrep Kit (Roche, Switzerland), and targeted enrichment of
libraries was performed using SeqCap EZ technology (Roche, Switzerland) according to the
manufacturer's protocol. For this purpose, a panel of oligonucleotides was designed to correspond to
various fragments of the genomes of all known TBEV subtypes and genovariants, which are currently
present in the GenBank database (https://www.ncbi.nlm.nih.gov/nucleotide/). The sequencing of
the resulting libraries was performed with a new generation high-performance sequencer MiSeq
(Ilumina, USA). The variant of sequencing of paired end fragments (2x150) with the total number of
cycles 300 was used.

2.4. Genome Assembly

The following pipeline was used for the genome assembly. The quality control of raw reads was
performed with the FastQC software (https://www.bioinformatics.babraham.ac.uk/projects/fastqc/).
This software enables the determination of the overall quality profile of the reads by means of the
Phred score metric, the number of adapters, the range of read lengths, the presence of contamination
using the GC composition, and a number of other important parameters that determine the overall
quality of libraries. The trimming of data was carried out with the fastp software [17] from low-
quality reads and trimming from technical sequences (adapters). Subsequently, the obtained data
were subjected to mapping using the BWA-MEM software [18] with the reference TBEV genome
(GenBank: MH645618). The resulting .sam files were converted into .bam files using the SAMtools
utility suite (http://www.htslib.org/) with sorting and further deduplication with the Picard tool
(https://broadinstitute.github.io/picard/). Deduplicated .bam files were used to determine variants
(alleles) with the GATK Toolkit) package
(https://gatk.broadinstitute.org/hc/en-us). efficient identification and

(Genome
This

Analysis
enabled the

utility

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202512.1600.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 18 December 2025 d0i:10.20944/preprints202512.1600.v1

5o0f 9

documentation of variants in .vcf format, thereby facilitating subsequent manipulation. Following
acquisition of the .vcf files, the variants obtained were filtered within each file according to criteria
such as depth of variant coverage (minimum 10 reads per variant) and quality of variant definition
(minimum 20).

The FastaAlternateReferenceMaker utility, which is included in the GATK utility package, was
used to generate an alternative reference genome sequence in the specified interval in .fasta format.
Given a set of variants, the FastaAlternateReferenceMaker utility replaces the reference bases in the
locations of the variations with the bases specified in the corresponding entries in the set. The
determined TBEV genome coding region sequences were submitted to the GenBank database
(PX470191-PX470197).

2.5. Genetic Analysis

Sequence alignment was performed using the ClustalW method with MEGA 6.0 software [19].
The identity levels of the sequences were calculated using Unipro UGENE v. 52.1 software [20].
Dendrograms were constructed in MEGA 6.0 software [19] using the discrete maximum likelihood
method [21]. The most suitable substitution model for sequence analysis and dendrogram
construction was selected using jModelTest [22] and MEGA 6.0 [19] software. The significance of the
dendrograms was estimated using bootstrap analysis with 1000 replicates.

3. Results and Discussion

Complete genome sequences of seven TBEV strains were obtained, and the sequences of the
genome coding regions were deposited in GenBank (accession numbers PX470191-PX470197). The
choice of coding regions for deposition was determined, on the one hand, by their use for further
analysis and, on the other hand, by the limitations of the sequence assembly method used, since the
non-coding regions of the TBEV genome are variable, especially the 3'-untranslated region, and
different reference sequences give different results when assembling these regions (data not shown).

Currently, in addition to the complete genome sequences of TBEV strains isolated from
Kyrgyzstan presented in this paper, as of November 2025, the GenBank database contains five
nucleotide sequences of TBEV genomes and their fragments from this territory, while among them,
sequences with accession numbers OR555825 and OR555826 are short sequences of various fragments
of the 23-Kyr-26 strain genome, for which the complete genome sequence OR896869 was later
presented, and sequence HM641235 is a fragment of the complete genome sequence of KY09 strain
(PQ015165) (Table 1).

Using the sequences of the genome coding parts of the TBEV strains from this study and
sequences from GenBank databese, a dendrogram was constructed to assess the genetic diversity of
TBEV in Kyrgyzstan (Figure 2).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 2. Dendrogram of TBEV strains collected in the Kyrgyzstan, based on the sequences of the genome coding
region (133-10377 n.r.) built with maximum likelihood method. The significance of the constructed dendrogram
was estimated by bootstrap analysis with 1000 replicates. GenBank accession numbers of prototype strains and
sequences from GenBank database are in brackets. The genome sequence of Omsk hemorrhagic fever virus
(outgroup) is marked in bold. The prototype sequences of different TBEV subtypes and genetic linages within
the Siberian subtype are marked with:.e Far-Eastern subtype; ® European subtype; o Baikalian subtype; ® 178-
79-like subtype; ® Himalayan subtype; Siberian subtype lineages: © Zausaev; © Vasilchenko; e Baltic; © Bosnia; ©
Obskaya. oooe.

Dendrogram analysis revealed that the Siberian subtype occupies a leading position in this
region, and seven of the nine strains studied belonged to the Siberian subtype. Within the Siberian
subtype, three strains belonged to the Vasilchenko genetic lineage (strains Chong-Kemin-4, Turgen-
1, and KY09), two strains to the Zausaev genetic lineage (strains Chong-Kemin-3 and Kegety-2), and
two strains to the Bosnia genetic lineage (strains 23-Kyr-KDCA-26 and Buzuuchuk). No strains
belonging to the Baltic or Obskaya genetic lineages were found among the strains studied. In addition
to strains of the Siberian subtype, two strains of the Far Eastern subtype were identified (strains Ak-
Suu-3 and Kerege-Tash-1). No European, Baikal or Himalayan subtypes were found among the
strains studied. In addition to the Siberian subtype, two strains of Far Eastern subtype (Ak-Suu-3 and
Kerege-Tash-1) were identified. No European, Baikal or Himalayan subtype TBEV strains were found
among those studied.

A comparison of the identified genetic variants of the virus and the locations of sample collection
(Figure 1) did not reveal any patterns, likely due to the small number of available TBEV strains.
However, the data obtained made it possible to compare information on the genetic diversity of TBEV
in territories neighbouring Kyrgyzstan.

Previously, only the Vasilchenko but not Zausaev genetic lineage of the TBEV Siberian subtype
was found in south-eastern Kazakhstan [23], although Kazakhstan is located close to Western Siberia,
where the Zausaev genetic lineage occurrence is comparable to the Vasilchenko lineage [3].

The discovery of the Buzuchuk and 23-Kyr-KDCA-26 TBEV strains is of particular interest.
Previously, genetically similar TBEV variants were classified as belonging to the Bosnia genetic
lineage within the Siberian subtype and were found in Bosnia, the Crimean Peninsula [3], and south-
eastern Kazakhstan [23]. This genetic variant appears to be distributed close to the southern border
of the TBEV range, since no similar isolates or strains of the virus have been found further north. It
should be noted that this genetic variant represents a separate genetic lineage. Analysis of the identity
levels of the genome coding region sequences between different lineages and within each lineage of
TBEV Siberian subtype from the GenBank database demonstrated that Bosnia genetic lineage levels
of similarity/difference fall within the boundaries of the genetic lineage division within the Siberian

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202512.1600.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 18 December 2025

7 of 9

subtype (Table 2). Within TBEV-Sib, the division border for identity level of nucleotide sequences
was 92-95% between different lineages, and strains belonging to the Bosnia lineage meet this criterion.
The detection of the Far Eastern subtype in Kyrgyzstan is consistent with data from neighboring
regions, particularly China, where the Far Eastern subtype is predominantly detected [Wu et al,,
2024]. However, isolated TBEV strains of the Siberian subtype of the Vasilchenko genetic lineage have
been described in the Xinjiang Uygur Autonomous Region, located near Kyrgyzstan [24], and TBEV
strain belonging to Zausaev genetic lineage was found in Inner Mongolia Province [25]. As for other
neighboring regions, there are no data available on TBEV or TBE in Uzbekistan and Tajikistan.

Table 2. Identity levels of genome coding region sequences between different TBEV-Sib genetic lineages.

. Genome coding region
Identity level - - -

Zausaev | Vasilchenko Baltic Bosnia*

Zausaev 96-100% 94-95% 93% 92-93%

G

sz(i);;e Vasilchenko |  94-95% 94-100% 92-93% 92-93%
region Baltic 93% 92-93% 96-100% 92-93%
Bosnia* 92-93% 92-93% 92-93% 98-100%

* Only Buzuuchuk and 23-Kyr-KDCA-26 strains. The cells showing the levels of sequence similarity within a
genetic lineage are marked in gray.

Thus, two TBEV subtypes, the Siberian and the Far Eastern, were found in Kyrgyzstan, which is
probably the southernmost boundary of the range of these subtypes at present. Information on the
occurrence of different subtypes in the study area is important for predicting the disease severity in
patients, as previous studies have shown that the Far Eastern subtype predominantly causes more
severe forms of tick-borne encephalitis. In contrast, the Siberian subtype is believed to cause a less
severe disease with a tendency to develop chronic infections accompanied by diverse neurological
and/or neuropsychiatric symptoms [26]. Nevertheless, given the limited amount of data available,
further in-depth study of TBEV in these areas is required.

4. Conclusions

Thus, the analyses of the seven new TBEV strains isolated in this study and two TBEV strains
from GenBank database demonstrated that the Siberian subtype of three genetic lineages is
predominantly distributed in Kyrgyzstan, and TBEV of the Far Eastern subtype is also presented.
The findings underscore the necessity of conducting epidemiologic surveys of TBEV in this region
that could benefit disease control and the prevention of TBEV infection in Kyrgyzstan.
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Abbreviations

The following abbreviations are used in this manuscript:

ORF Open reading frame

PCR Polymerase chain reaction

RT-PCR  Reverse transcription followed by polymerase chain reaction
TBE Tick-borne encephalitis

TBEV Tick-borne encephalitis virus

TBEV-Eu European subtype of tick-borne encephalitis virus

TBEV-FE Far Eastern subtype of tick-borne encephalitis virus
TBEV-Sib Siberian subtype of tick-borne encephalitis virus
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