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Abstract

Phylogenetic study of genomes of field isolates of lissavirus extracted from
the territory of East Kazakhstan is presented in the article in order to carry out
sequencing analysis. Ten samples purified PCR products containing rabies virus
were examined. As a result of sequencing analysis, ten complete sequences of rabies
virus nucleoprotein from East Kazakhstan region were grouped into 6 genotypes,
which belong to two lyssavirus groups: Arctic-like group and the most common

group - the Steppe group.
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Introduction

Rabies is an infectious
neurological disease of mammals
which is almost all cases fatal once
clinical signs appear. Lyssavirus
causes specific encephalitis
(inflammation of the brain) and is the
only virus of Vira kingdom, which
affects all warm-blooded animals,
including humans, with the lethality
rate of 100% [1]. The virions are
bullet-shaped with an average length
of 180 nm and a diameter of 75 nm.
The virion consists of an unsegmented
genome represented by a single
molecule of helically twisted negative
RNA and five structural proteins. The
rabdovirus genome is represented by a

negative polarity RNA molecule and
has 5 open reading frames arranged in
the genome in the following order: 3'-
N-P-M-G-L-5" [2]. Phylogenetic
analysis based on the nucleotide
sequence of the glycoprotein allowed
differentiating representatives of the
genus Lyssavirus into seven genotypes

[3].

Rabies is an emergent infection
considered to be an object of constant
increased attention worldwide and is
monitored by international
organizations (WHO, FAO, OIE).
Rabies is the 10th most significant
cause of death in the structure of
infectious diseases and is registered in



more than 150 countries, according to
WHO [4].

The territory of the Republic of
Kazakhstan is endemic for rabies -
every year hundreds of cases are
registered among animals. In 1914, the
first case of rabies in Kazakhstan was
registered in the Turgai region. And
since then the disease has been
registered every year. The incidence of
rabies among animals and people has
not decreased over the past 15 years.
During this period of time 1232
unfavorable points were registered,
where 1653 animals fell ill [5].

Molecular genetic analysis of
rabies, assessment of antirabic
Immunity, assessment of oral antirabic
vaccine eatability methods are used in
the global practice, many of them have
not been used in Kazakhstan to date or
required adaptation and improvement

[6].

The sequencing of rabies virus
genes will make it possible to advance
in the study of the molecular structure

Materials and methods of research

Sampling and RNA extraction

The work material was 10
isolates of Rabies lyssavirus extracted
from the brain of different species of
animals with clinical signs typical of
rabies. All isolates were extracted from
East Kazakhstan region in 2021. The
samples were screened using a
detection kit "FBioNucleo" (Fractal
BIO LLC, St. Petersburg, RF) to
confirm rabies infection.

Since the brain, which
synthesizes a large amount of RNA,
was used as material, a reverse
transcription strategy with specific
primers was adopted. The course of the
study included the three steps: choice

and mechanisms of virus variability.
Since the use of molecular genetic
methods in the diagnosis of rabies will
contribute to improving the efficiency
of rabies epidemiological surveillance
activities [7,8].

Every year in Kazakhstan rabies
cases of animals are registered,
nevertheless the data on genetic
diversity are absent in the literature.
The purpose of this work is to obtain
data on the genetic diversity of the
rabies virus circulating in the East
Kazakhstan region and in comparison
with the reference strains presented at
the National Center for Biotechnology
Information (NCBI).

The data obtained would
contribute to the development of
molecular epizootology, as well as
allow to better comprehend the
evolution of rabies virus and identify
the geographical features of circulating
genotypes.

of primers for reverse transcription and
PCR reaction, staging of reverse
transcription, and evaluation of the
efficiency of synthesis cDNA by PCR
and nucleotide sequencing.

N gene reverse transcription

The  reverse  transcription
performed using a Revert-L kit (FBSN
Central  Research  Institute  of
Epidemiology, RF) to obtain
complementary DNA on the RNA
matrix. Sens primers at a concentration
of 5 pM used as inoculants in the
reverse transcription.

Primers were used for N gene
amplification (Table 1).



Table 1 - Primers used for N gene amplification

Title Sequence
Rab-for 1 ACGCTTAACAACCAGATCAAAGAA
Rab-rev_1000 ATCCTACAAAGTGAATGAGATTGAACAC
Rab-for 895 TTCGAGGAAGAGATAAGGAGAATGTT
Rab-rev 2230 GCTTCTTTAACTATGTCATCAAGGTTCAT

Reaction mixture composition
for PCR included: 1xPlatinum Il PCR
buffer, 0.2 mM dNTP, 0.2 uM forward
and reverse primers, 1 Unit Platinum 11
Tag Hot-Start DNA polymerase, 3 ul
cDNA. The PCR amplification
program included: long denaturation at
94°C - 2 min; 10 cycles: 94°C - 15 s,
58°C - 30 s, 68°C - 1 min; 25 cycles:
94°C - 155, 58°C - 15 5, 68°C - 1 min;
final elongation 15 min at 68°C.

Results

PCR products were purified
using AMPure XP magnetic particles
(Beckman Coulter).

Sequencing of the N gene

Sequencing performed using
BigDye Terminator v3.1 Cycle
Sequencing Kit. Phylogenetic tree
construction was performed in MEGA
X using the Maximum Likelihood
method and the T92 + G model

(Tamura 3-parameter
gamma distributed).

model

with

Overall in 2021 material was collected from animals with clinical picture
characteristic for rabies from East Kazakhstan region (Table 2).

Table 2 - Data of collected biological material (positive cases)

No | Name of region, district, | Sample | Anim Indicator | Test report | Name of | PCR
village name al name number the Thres
type sample hold
sequence | Cycle
1 East Kazakhstan region, Brain | Cattle | Rabies 1-S21L- | Rab-2-1 21
Ayagoz district, 93/1-1
Kokpekty rural district
2 East Kazakhstan region, Brain | Cattle | Rabies 1-S21L- | Rab-3-1 25
Ayagoz district, Ayagoz 93/1-1
city.
3 East Kazakhstan region, Brain | Cattle | Rabies 1-S21L- | Rab-4-1 30
Ayagoz district, Ayagoz 93/1-1
city.
4 East Kazakhstan region, Brain | Cattle | Rabies 1-S21L- | Rab-5-1 28
Ayagoz district, Ayagoz 93/1-1
city.
5 East Kazakhstan region, Brain | Cattle | Rabies 1-S21L- | Rab-6-1 21
Ayagoz district, Bidayik 93/1-1
rural district




6 East Kazakhstan region, Brain Rabies 1-S21L- Rab-9-1 25
Beskaragai district, 93/1-1
Beskaragai rural district

7 East Kazakhstan region, Brain Cattle | Rabies 1-S21L- | Rab-10-1| 36
Beskaragai district, 93/1-1
Beskaragai rural district

8 East Kazakhstan region, Brain Rabies 1-S21L- | Rab-11-1| 34
Ayagoz district, Saryarka 93/1-1
rural district.

9 East Kazakhstan region, Brain Cattle | Rabies 1-S21L- | Rab-14- 35
Zharma district, Arshali 93/1-1 1-blue
rural district

10 | East Kazakhstan region, | Brain Rabies 1-S21W- | Rab-16-6 | 30
Ayagoz district, Saryarka 94/1-63
rural district.

RNA extracted using the R
Neasy Mini Kit and a real-time
detection PCR was performed to
confirm the presence of RNA in the
samples. As a result, the presence of
lyssavirus RNA was detected in 10 of
15 samples, as indicated by threshold
cycle values ranging from 20 to 36
(Table 2). The threshold values were
used for genotyping efficiency.

Some 380 full-genome Rabies
lyssavirus sequences were imported
from the NCBI database in order to
find homologous regions between
rabies virus genomes. Imported
sequences are described with the
length from 10015 pairs of nucleotides
to 11966 pairs of nucleotides,
including: all genomes, isolated from
Russia and China, from each country

of Europe and the near abroad on 10
genomes, and from each country of far
abroad on 3 genomes.

This work resulted in the
formation of a collection of cDNA
samples from 10 animals with
established rabies diagnosis. The
cDNA samples were used for
genotyping by determining the
nucleotide sequence of N genes.

As a result of comparison of 10
field isolates of rabies virus strains by
nucleotide sequences of N-gene
fragment (figure 1), a dendrogram
reflecting phylogenetic relations of
strains and isolates of rabies virus in
the territory of East Kazakhstan region
was constructed.
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Figure 1 - Phylogenetic tree of rabies virus strains and isolates based on the
nucleotide sequences of the N gene fragment

In accordance with the results of the study, all rabies virus isolates studied
belonged to the first genotype - Rabies virus.

An analysis of the phylogenetic tree obtained on the basis of N gene fragments
(Figure 1) established that the studied isolates can be divided into 6 genotypes. The
genotype distribution of isolates in most cases correlates with their geographical
origin. For example, phylogenetic analysis grouped 10 complete sequences of rabies
virus nucleoprotein from East Kazakhstan region into 6 genotypes. Genotypes 1 and
2, combining 2 and 4 sequences clustered with samples from Russia including
sequences from Primorsky Krai. Genotype 3 is the most phylogenetically similar to
genotypes circulating in the Omsk Region, as well as in the Akmola Region.
Genotypes 4-6 are phylogenetically closer to genotypes circulating in China and
Novosibirsk region.



Discussion of the results and conclusion

The first stage included research
work, focusing on the collection of
pathological material (brain of rabid
animals) from the territories of East
Kazakhstan region, in which cases of
rabies animals were registered.
Selection of biological material (brain)
from 15 animals with clinical picture
characteristic for rabies animals was
conducted.

The second stage included
formation of a collection of cDNA
samples isolated from the brain
suspension of animals with a
confirmed diagnosis of rabies. To this
end, RNA extraction from 15 brain
samples was performed, and the
presence of rabies virus RNA was
established in 10 of them by PCR
method. For reverse transcription and
PCR amplification, primers were
designed and synthesized to be used as
primers for reverse transcription. The
efficiency and specificity of reverse
transcription was tested on ten samples
by PCR and sequencing of the
amplified fragments. As a result, the
nucleotide sequence N of the rabies
virus gene was obtained for ten
samples.

The gene N encoding the
nucleoprotein is known to be more
conservative for all representatives of

the genus Lyssavirus than the gene G
encoding the envelope protein
glycoprotein [9].

The obtained rabies virus
isolates extracted from the territory of
East Kazakhstan  Region are
genetically the closest to strains from
Russia and China, thus it can be
assumed that circulation of rabies virus
to the eastern and central part of
Kazakhstan  from the Russian
Federation and China was promoted by
migration of wild carnivorous animals.

Thus, the first genotype -
classical rabies virus (RABV) -
circulates among domestic,
agricultural and wild animals in the
territory of East-Kazakhstan region.

Resulting from researches, in
the territory of East Kazakhstan region
the isolated strains of rabies virus were
divided into two groups according to
A.A. Devyatkin et al. [10], this is
Arctic-like group, which includes
genotypes from Primorski Krai and the
most widespread group - Steppe group,
which includes genotypes from
Orenburg,  Lipetsk,  Novosibirsk,
Astrakhan, Omsk regions, Altai Krali,
Kazakhstan, Mongolia, PRC Inner
Mongolia province and Xinjiang
Uygur autonomous region.
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Tyiiin

Makanaga reHeTukanblK Tanjgay MakcateiHaa Iereic KazakcTaHHBIH
ayMarblHIa OKLIAyJAaHFaH JIMCCAaBUPYCBHIHBIH IITaMJAPAbIH  MOJIEKYJISPIIbIK-
reHeTHKANbIK 3€pTTeyl YCbIHbUIFaH. PaOnoBUPYCHIHBIH HYKIEONPOTEHHI Oap
tazapteuirad [ITP eHiMaepiHiH oH mno3uTUBTI yiarici 3eprrenil. CoHBIMEH,
¢unoreneTukanbik Tangay Hotkecinae Lbirpic Ka3zakcran oOabICHIHAAFBI KYTHIPY
aypybIHBIH OH TOJIBIK HYKJIEOMPOTEUHIIK Ti30€ri €Ki TOObIHA >KaTaTblH 6 THUIKE
KUHAKTaJIbl: aPKTUKAJIBIK TEKTEC TOI KOHE €H KeN TapajFaH Ton - CTenHasl.

Kiar ce3nep: kytoipy, [ITP, cekBenupiey, punoreHeTuKaibIK aFall, mTamm,
U30JISIT, TEHOTHII.
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AHHOTALUA

B nmanHoll cTaTthe mOpeACTaBICHBI pPE3yibTaThl CEKBEHUPOBAHHUS T'€HOMOB
U30JISITOB JINCCABUPYCOB, BBIJICIICHHBIX OT >KMBOTHBIX oOWTaronux B BocTodHo-
Kazaxcranckoii o001acTé ¢ 1eJIbIO TPOBEACHUS TEHETUYECKOrO aHallu3a.
[IpouccnenoBano necatb monoxuTenbHbIX Mpod ([MLP-nmponykToB), comepxammx
pabaoBupyc. B pesyipraTre (pritoreHeTHUECKOTO aHaim3a ObLIO COOpAHO JIECATh
MIOJIHBIX MOCJIEI0BAaTEILHOCTEN HYKJICONPOTEeHHA BUpyca OemeHcTBa n3 Boctouno-
Kazaxcranckoit 061acTé B 6 TEHOTHUIIOB, KOTOPBIE OTHOCSTCS K JIBYM TpYIIIIam
JUCCAaBUPYCOB: APKTUYECKU-TIOAOOHAs Tpymnmna W HamOoJiee pacripocTpaHEHHAs
rpynmna — CTenHasl.

KiroueBsbie cioBa: 6emenctso, I11IP, cekBenupoBanue, GprroreHeTHIecKoe
JNEPEBO, MITAMM, HU30JIST, TEHOTHIL.



