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ABSTRACT

Bluetongue (BT), also known as sheep catarrhal fever, is a highly pathogenic viral infection caused by the bluetongue virus
(BTV). This disease holds significant economic importance as it is characterized by high mortality rates, reduced productivity,
deteriorated animal health, and economic losses.

Kazakhstan is considered free from BT, but the primary vectors of BTV, midges of the genus Culicoides, are widely
distributed throughout the country. Southern Kazakhstan offers favorable conditions for the reproduction of midges, and the
high density of susceptible livestock combined with the import of animals from BTV-endemic regions creates a significant
risk of virus spread. This underscores the need for the development of a domestic test system for the detection of BTV via
quantitative PCR, capable of differentiating vaccine strains from field strains of the virus.

This study presents the results of development and validation of a PCR test system for the diagnosis of BT. During
development, real-time reverse transcription PCR (RT-qPCR) was utilized for the precise detection of BTV, enabling
identification of small amounts of viral RNA in biological samples. The kit is based on primers and a fluorescently labeled
probe targeting a conserved region of BTV genome (segment 10), ensuring high specificity and ability to detect various virus

serotypes. This test system will be in demand in market and will enhance food security in country.
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INTRODUCTION

Bluetongue disease (BTD), also known as sheep catarrhal
fever, is a viral infection that affects both wild and domestic
ruminants. The disease causes significant economic losses in
sheep farming and other livestock sectors [1]. According to
the classification of the World Organisation for Animal Health
(WOAH), BTD belongs to category A as one of the most dan-
gerous infections. Consequently, the detection of BTD re-
quires mandatory reporting to veterinary services and the im-
plementation of quarantine measures.

The Bluetongue virus (BTV) belongs to the genus Or-
bivirus within the Reoviridae family. The virus is transmitted
through insect bites, particularly by Culicoides spp. midges,
enabling its spread highly dependent on ecological factors
such as climate and geographical barriers affecting vector’s
flight patterns [2,3]. The viral genome consists of ten linear
double-stranded RNA segments with varying degrees of con-
servation. The second segment, which encodes the major sur-
face protein VP2, is the most variable and determines the viral
serotype. The second surface protein, VPS5, also plays a role
in serotype formation but to a lesser extent [4,5].

Sheep are the most susceptible to BTV, while cattle, goats,
and wild ruminants can act as asymptomatic carriers. The
characteristic symptoms of the disease include fever, inflam-
mation of mucous membranes, swelling of the head and limbs,
degenerative changes in skeletal muscles, and, in severe cases,
tissue necrosis and death due to severe exhaustion. The dis-
ease does not always present with clear symptoms, compli-
cating early diagnosis [6].

BTV exhibits significant genetic variability, leading to the
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existence of multiple serotypes. According to the European
Commission, 24 classical serotypes of BTV have been iden-
tified. However, data from the Pirbright Institute in the UK
indicate at least 29 serotypes, including «atypical» serotypes
25-29, which can spread via contact transmission and usually
remain clinically silent. Differences in the structure of the
VP2 protein, which determines the serotype, result in weak
cross-protective immunity, limiting the effectiveness of anti-
bodies generated against one serotype in neutralizing others
[7]. Thus, the development of a PCR test system capable of
differentiating serotypes is essential for accurate diagnosis and
effective epidemiological control.

Considering the serious implications for animal health and
economic stability, timely BTD diagnosis is crucial in pre-
venting disease spread. Existing diagnostic methods, includ-
ing serological and virological techniques, have limitations
such as long processing times, low sensitivity in early stages,
and cross-reactions with other viruses. Reverse transcription
PCR (RT-PCR) is a modern molecular diagnostic tool that al-
lows for rapid and precise detection of viral RNA in biolog-
ical samples. PCR offers high sensitivity, specificity, and the
ability to detect the virus in early stages before clinical symp-
toms appear. Furthermore, PCR enables serotype differentia-
tion, which is particularly important for epidemiological mon-
itoring and the development of control measures.

During the genetic characterization of BTV variants cir-
culating in Kazakhstan, only the mesogenic topotype “West”
of BTV-9 was identified [8]. Strains of this topotype are used
for vaccine development against BTV-9. Currently, Kazakh-
stan lacks domestic test-systems for BTV detection. There-
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Table 1. Data on collected potential insect vectors of BTV

Region District Vector Species Quantity Pools

Trithecoides spp. 21 1

Culicoides biting Hofmania spp. 40 1

Panfilov .

Almaty midges. Oaecata spp. 27 1
Avaritia spp. 15 1

Karasai Keds Hippobosca equina 3 1

Shuisky Culicoides spp. 22 1

Merkensky Culicoides biting Culicoides spp. 15 1

Zhambyl . —

Bayzaksky midges. Culicoides spp. 6 1

Zhualynsky Culicoides spp. 40 2

Tyulkubassky Culicoides biting Remia spp. 7 1

Tolebi midges. Culicoides spp. 24 1

Kazygurt H. equina 3 2

Turkestan -
Tolebi H. equina 37 15
- Keds :

Baidibek H. equina 1 1

Sairam H. equina 5 4
TOTAL: 266 34

fore, the development of a PCR test system capable of detect-
ing RNA from all known BTV serotypes and topotypes while
simultaneously differentiating the BTV-9W topotype is nec-
essary. To achieve this goal, at least two loci were selected for
detection. The first had to be conserved across all BTV sero-
types and topotypes, while the second had to be unique to the
BTV-9W topotype, demonstrating significant differences from
other sero- and topotypes.

MATERIAL AND METHODS

Biological Samples Collection. Biological samples were
collected to validate the PCR test-system. Positive controls in-
cluded archived PCR-positive samples identified during mon-
itoring studies from from 2018 to 2020. RNA extracted from
vaccines containing BTV-4 and BTV-14 serotypes was also
used for validation. Archived PCR-positive samples contain-
ing genetic material from related and unrelated viruses were
pre-screened using primers targeting BTV segments 2 and 10
to assess test system specificity.

Given that the highest risk of BTD introduction and spread
was recorded in the Zhambyl, Turkestan, and Almaty regions
[8], blood samples from animals and insect vectors were col-
lected in these regions. A total of 547 animal samples from the
Bovidae family and 266 potential insect vectors were included
in the study. Sheep and goats comprised 95% (520) and 5%
(27) of the animal samples, respectively. Data on collected po-
tential BTV vectors are presented in Table 1.

Nucleic Acid Extraction and Reverse Transcription.
Insect pools were homogenized using a Homogenizer Mixer
Mill MM 400 (Retsch) at 25 Hz for 5 minutes with three
grinding glass beads and 600 puL phosphate-buffered saline
(PBS). After homogenization, samples were centrifuged at
10,000 x g for 1 minute at 4°C. RNA was extracted from
blood and insect homogenates using TRIzol (Sigma) follow-
ing the manufacturer’s protocol. Spectrophotometric analy-
sis was performed using a NanoDrop 2000 spectrophotome-
ter (Thermo Fisher Sci.).

Complementary DNA (cDNA) was synthesized using
M-MLV reverse transcriptase (SibEnzyme). Each reaction
mixture contained 10 uLL. RNA sample, 1 uL random hexamer
primers (Thermo Fisher Sci.), and 9 pL reverse transcription
buffer, following the manufacturer’s protocol. The reaction
mixture was incubated at 25°C for 10 minutes, followed by
37°C for 60 minutes, and then heated at 70°C for 10 minutes.

PCR Analysis. To validate the developed PCR test sys-
tem, collection of biological samples positive and negative
for BTV RNA were analyzed using classical PCR. The first
PCR reaction was performed using external primers “BTV-
S10-F” and “BTV-S10-R” targeting the tenth segment of the
dsRNA, which encodes the NS3/3 A surface proteins of the vi-
rus [9]. The second reaction used two pairs of internal prim-
ers “BTV_Segl0 F” and “BTV_NS3 R” [9,10]. Addition-
ally, PCR detection of BTV-9 “West” serotype was performed
using primers “BTV-9W-S2-F” and “BTV-9W-S2-R,” target-

Table 2. Primers for detection and typing BTV using classic PCR

Designation Sequence
BTV_Segl0_F (5)TGCTATCCGGGCTGATCCAAA
BTV-S10-R (5)ACCTYGGGGCGCCACTC
BTV _NS3 R (5" ) GCGTACGATGCGAATGCAGC
BTV-9W-S2-F (5)GTTAAAAAATCGCATATGTCAG
BTV-9W-S2-R (5 )GTAAGTGTAAAATCCCCCCC
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ing the second dsRNA segment encoding the VP2 surface pro-
tein [11]. The primers using classic PCR are listed in Table 2.

Amplification was conducted using Hot-Start Taqg DNA
polymerase (NEB) according to the manufacturer’s protocol.
Amplification conditions were as follows: 95°C for 5 min-
utes, followed by 40 cycles of 94°C for 30 seconds, 54°C for
30 seconds, and 72°C for 1 minute, with a final extension at
72°C for 5 minutes. PCR products were analyzed using 1.5%
agarose gel electrophoresis and visualized under UV light.

Design, Synthesis and Purification of PCR Primers
and Probes. To develop primers and fluorescently labeled
probes for the RT-qPCR assay, an in-silico analysis was con-
ducted using multiple bioinformatics tools. MEGA-X was em-
ployed to identify genomic regions conserved within the tar-
get topotype, while RNAstructure 6.0.1 (National Institutes of
Health) was used to predict secondary structures of the prim-
ers and potential intermolecular interactions between primers
and probes. Additionally, Tm Calculator (Thermo Fisher Sci-
entific) was utilized to determine and optimize the annealing
temperature of the primers.

The primers synthesis was performed using an automated
oligonucleotide synthesizer, and purified by high-performance
liquid chromatography (HPLC) at the Organic Synthesis Lab-
oratory of LLP «National Center for Biotechnology» (Astana,
Kazakhstan).

Generation of Genetic Constructs. Molecular cloning
of amplicons was performed using the commercial TOPO™
TA Cloning Kit (Thermo Fisher Scientific) according to the
manufacturer’s protocol. For this purpose, amplicons were
eluted from the gel and directly cloned into the linearized
pCR2.1-TOPO-TA vector system. Transformation of Esche-
richia coli strain DH5 Alpha competent cells was carried out
using a heat shock method (90 seconds at 42°C). Vector NTI
8 (Thermo Fisher Scientific) was used to generate DNA con-
struct maps.

Sanger DNA Sequencing. To verify the nucleotide se-
quences of the cloned inserts, the obtained plasmids were se-
quenced using the ABI 3500XL Genetic Analyzer (Applied
Biosystems) with the BigDye® Terminator v3.1 kit (Applied
Biosystems), following the manufacturer’s protocol.

In Vitro Transcription. To obtain RNA controls, plasmids
based on the pCR2.1-TOPO-TA vector were linearized at the
EcoRI restriction site and then used as templates for in vitro
transcription with T7 phage RNA polymerase (Thermo Fisher
Scientific). The synthesized RNA was precipitated using 3M
LiCl and utilized as positive controls, including for evaluat-
ing the linearity of the test system. The concentration of RNA
used for primer sensitivity testing was determined using the

Qubit Fluorometer (Invitrogen, USA) and the Qubit™ RNA
High Sensitivity (HS) Kit (Invitrogen) according to the man-
ufacturer’s instructions.

Optimization of the Test-system. For RT-qPCR, an in-
house M-MLYV reverse transcriptase and HotStart-Taq poly-
merase (SibEnzyme) were used with a standard HS-Taq buf-
fer (SibEnzyme), supplemented with 0.15 mg BSA (Thermo
Fisher Scientific), 0.5 mM dNTPs (SibEnzyme), and 2 mM
MgCl: (SibEnzyme). Primers and TagMan probes were added
at final concentrations of 400 nM and 100 nM, respectively.
The template consisted of total and control RNA in amounts
ranging from 1 fg to 1 ng, isolated from biological samples.

Statistical Analysis. Statistical analysis was performed
using Epilnfo (CDC). Clopper-Pearson confidence intervals
(95% CI) based on the beta distribution were used to calcu-
late 95% confidence intervals. Differences between sample
groups were analyzed using Student’s unpaired t-test, and dif-
ferences were considered statistically significant at p < 0.05.

RESULTS

Development of qPCR Targets for Detection and Typ-
ing of Primers and Probes. The qPCR test system includes
two detection loci: a conserved region, which enables the de-
tection of RNA from all known serotypes, and a highly di-
vergent region, which allows differentiation of the BTV-9W
topotype.

Segment 10 (Seg-10) was selected as the primary target
for detecting BTV RNA from all variants, as it contains both
variable and highly conserved regions and is involved in the
formation of the BTV-9W topotype. Segment 2 (Seg-2), the
most variable among the BTV genome segments, was chosen
as the target for the differential identification of BTV-9W ge-
netic variants. The detection locus for BTV RNA within Seg-
10 was 96 bp, while the locus for differential identification of
the BTV-9W topotype within Seg-2 was 154 bp. The primers
used in this study are listed in Table 3.

Cloning of Seg-2 and Seg-10 of BTV-9W and RNA
Control Synthesis. To generate positive controls for the test
system, fragments of the viral genome containing the tar-
get loci for BTV detection and typing were cloned. For this
purpose, amplicons of 825 bp, synthesized using the prim-
ers BTV-S10 Nhe-Xba-F (5’-CAGTCGACGTCAGCGT-
TAAAAAGTGTCGCTGCCAT) and BTV-S10_Sac-Sal R
(5’-AATCTAGAGCTCCTCCCCCGTTAKACAGCAQG)
(Seg-10), as well as a 542 bp amplicon obtained with BT V-
9W-2F and BTV-9W-S2-qPCR-R primers (Seg-2), were
eluted from an agarose gel and directly cloned into the lin-
earized pCR2.1-TOPO-TA vector.

Table 3. Primers and probes used in the reagent kit for the detection and typing of BTV-9W by RT-qPCR

Designation Sequence

BTV-9W-S10-qPCR-F

5"-TGGAYAAAGCRATGTCAAA

BTV-9W-S10-qPCR-R

5'-CATCATCACGAAACGCTTC

BTV-9W-S2-qPCR-F

5"-ACCGTTCGGGAAATTCATG

BTV-9W-S2-qPCR-R

5-GAATGTGTCRAGTCTATCAGC

BTV-9W-S10-qgPCR-probe

5"-FAM-GCTGCATTCGCATCGTACGC-BHQI1

BTV-9W-S2-qPCR-probe

5"-JOE-ACCGTTCGCCCAGTTGAAGAGGCA-BHQI1
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Designations: A — plasmid map of pCR2.1-T7-BTVIW-Seg2(F)-542bp;
B — plasmid map of pCR2.1-T7-BTVIW-Seg10(F)-825bp.
Figure 1 — plasmid maps of DNA constructs generated using Vector NTI 8

Following ligation, the resulting DNA clones were ana-
lyzed using restriction analysis and PCR to confirm the inte-
gration of the corresponding DNA fragments into the vector.

The nucleotide sequences of the cloned regions in the
DNA constructs pCR2.1-BTV9W-Seg10-825bp and pCR2.1-
BTVI9W-Seg2-542bp were verified by Sanger sequencing.
Forward sequencing was performed using a T7 promoter
primer (5’-TAATACGACTCACTATAGGG), while reverse
sequencing was conducted using an M13-rev primer (5’-AG-
CGGATAACAATTTCACACAGGA). Figure 1 presents the
DNA construct maps of pCR2.1-T7-BTVIOW-Seg10(F)-825bp
and pCR2.1-T7-BTVIOW-Seg2(F)-542bp.

To obtain RNA controls, the plasmids pCR2.1-BTVOW-
Seg10-825bp and pCR2.1-BTVIW-Seg2-542bp were linear-
ized at the EcoRI restriction site and subsequently used as
templates for in vitro transcription with T7 phage RNA poly-
merase. The synthesized RNA was precipitated using 3M LiCl
and employed as positive controls, including for assessing the

linearity of the test system.

Furthermore, viral genome regions were subcloned into
the pET23c bacterial expression vector. The resulting plas-
mids, pET23c-BTVIW-Seg10-825bp and pET23¢c-BTVIW-
Seg2-542bp, were used to transform E. coli BL21(DE3)
expression strain cells, enabling in vivo synthesis of BT-
VOW-Seg10 (S10) and BTV9W-Seg2 (S2) RNA for scaling
up the production of control RNA for the qPCR test-system.

Evaluation of Sensitivity and Efficiency for Target Du-
plexing. To assess the analytical sensitivity of the assay, se-
rial 10-fold dilutions of synthesized S2 and S10 RNA (starting
from a concentrated stock of 10° copies/uL) were prepared,
with final concentrations ranging from 10® to 10° copies/pL.
Figure 2 presents the threshold cycle (Ct) values obtained
from real-time RT-PCR for various concentrations of the con-
trol RNA.

The efficiency plot for real-time RT-qPCR, based on four
reaction replicates, is shown in Figure 3. Since the most suit-

Designations: Segl0 - RNA S10; Seg2 - RNA S2. The analysis was performed using the QuantStudio 5 instrument.
Figure 2 — Results of RT-qPCR of a dilution series of synthesized control RNAs S10 and S2 with both sets of primers
and probes.
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Designations: The RT-qPCR efficiency is presented as an approximating function (logarithmic trendline).
(A) — for RNA S2; (B) — for RNA S10. The number of replicates for each dilution is n = 4. Data were
obtained using the QuantStudio 5 instrument.

Figure 3 — RT-qPCR results for a dilution series of synthesized control RNAs S2 and S10.

able approximation function for the sensitivity curve was
found to be a logarithmic function (with high coefficients of
determination R?2 = 0.978 and 0.9753), it was concluded that
the real-time RT-qPCR assay demonstrates high efficiency un-
der the given conditions.

Evaluation of Thermal Stability in RT-qPCR. The ther-
mal stability of primers and probes was assessed using RNA
controls in triplicate experiments. As shown in Table 4, the
optimal temperature range for the test system was determined
to be 54-62°C, as the Ct values obtained in this range did not
differ significantly from each other (p < 0.05). Figure 4 pres-
ents representative real-time RT-qPCR results for serial di-
lutions of synthesized S10 and S2 RNA controls, with the
primer and probe annealing temperature set at 60°C.

Figure 4 — Results of RT-qPCR thermal stability testing for
dilutions of synthesized control RNAs S2 and S10 using the
QuantStudio 5 amplifier.

Evaluation of Test Kit Specificity. The analytical spec-
ificity of the test system for potential cross-reactions was as-
sessed using genetic material from viruses affecting ungulate
mammals, which the system is intended to diagnose. Testing
was conducted using archival samples containing the genetic
material of the following viruses: Bovine viral diarrhea virus
(BVDYV) types 1 and 2, Sheep pox virus (SPPV), Orf virus
(ORFYV), Lumpy skin disease virus (LSDV), Bovine papular
stomatitis virus (BPSV), Infectious bovine rhinotracheitis vi-
rus (IBR), Parainfluenza virus type 3 (PI3), Bovine respira-
tory syncytial virus (BRSV). Analysis of these samples did
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not reveal any false-positive results for either of the target loci
(Seg-2 BTV and Seg-10 BTV), as confirmed by representa-
tive results shown in Figure 5.

Figure 5 — RT-qPCR results for various samples containing DNA

and RNA from related and unrelated livestock viruses, as well as

synthesized control RNAs S2 and S10, using the QuantStudio 6
amplifier.

To further evaluate specificity, related viruses BT V-
4, BTV-14, and BTV-9W were tested. Table 5 presents the
specificity analysis results for the developed real-time RT-
qPCR duplex assay, using samples containing RNA from re-
lated bluetongue virus (BTV) strains (BTV-4, BTV-14, and
BTV-9W (both vaccine and field strains)), as well as genetic
material from unrelated bovine and small ruminant viruses.
As expected a positive signal in the JOE (S2) and FAM (S10)
channels was detected only for the BTV-9W topotype. BTV-4
and BTV-14 strains produced positive results only in the FAM
(S10) channel, no false-positive results were observed in sam-
ples containing nucleic acids from unrelated viruses. Thus, the
specificity of the developed duplex RT-qPCR assay was de-
termined to be 100%.

The conducted analysis confirmed the high sensitivity of
the duplex primer and fluorescent probe set for detecting BTV
genetic material, with an estimated limit of detection of ap-
proximately 2.093 genome copies, corresponding to an ana-
lytical sensitivity of 1.0x10* copies per reaction. Addition-
ally, the assay demonstrated high accuracy in differentiating
the BTV-9W topotype, with a detection limit of approximately
2.0948 genome copies at the same analytical sensitivity level.
Furthermore, the assay demonstrated 100% specificity.
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Table 5. Specifity analysis of the developed primer and fluorescent probe set (n=4).

Virus type Ct value, FAM channel Ct value, JOE channel Analysis result
(Seg-10) (Seg-2)
Related viruses (BTV)
BTV-4 24.54+1.01 Neg. +
BTV-14 23.15+1.25 Neg. +
BTV-9W (vaccine strain 21.28+0.95 21.06+0.98 +
BTV-9W (field strain) 22.45+0.90 22.73+0.89 +
Unrelated viruses of large and small ruminants
BVDV-1 Neg. Neg. —
BVDV-2 Neg. Neg. —
P13 Neg. Neg. —
IBR Neg. Neg. —
SPPV Neg. Neg. —
ORFU Neg. Neg. —
LSDV Neg. Neg. —
BPSU Neg. Neg. —
DISCUSSION In conclusion, the developed RT-qPCR reagent kit is a re-

The reagent kit developed in this study for the detection
and typing of BTV-9W based on RT-qPCR demonstrates high
sensitivity, specificity, and efficiency. The strategic selection
of two genomic targets Segment 10 (Seg-10) for universal
detection and Segment 2 (Seg-2) for specific identification of
BTV-9W enabled the creation of a duplex PCR test system
with robust analytical performance.

Seg-10 was selected as a universal target due to the pres-
ence of both conserved and variable regions, which allows
for the detection of multiple BTV serotypes. Seg-2, being the
most variable segment in the BTV genome, enabled reliable
differentiation of the BTV-9W topotype, as confirmed by du-
plex fluorescence signals in both the FAM and JOE channels.
The precise design of primers and fluorescently labeled probes
targeting amplicons of 96 bp (Seg-10) and 154 bp (Seg-2) en-
sured optimal amplification efficiency and minimal non-spe-
cific activity.

Sensitivity assessment revealed a detection limit of ap-
proximately 2.093 genome copies for both Seg-2 and Seg-
10, with a logarithmic correlation across a dynamic range of
10° to 108 copies/pL and high reproducibility. Thermal sta-
bility testing confirmed a broad operating temperature range
(54-62°C), with optimal Ct values observed at 60°C, indicat-
ing high robustness of the test system under standard labora-
tory conditions.

Specificity analysis demonstrated no cross-reactivity with
either related orbiviruses or unrelated viral pathogens of live-
stock, confirming 100% specificity. Among the BTV strains
tested, only BTV-9W yielded positive signals for both targets,
while BTV-4 and BTV-14 were detected exclusively through
Seg-10, as anticipated.

The use of synthetic RNA controls and bacterial expres-
sion systems for RNA synthesis contributed to the standard-
ization and reproducibility of the method. This, in turn, fa-
cilitates scalability of production and quality control of the
reagent kit.

liable diagnostic tool for broad epizootiological surveillance
and specific typing of the BTV-9W topotype in both clinical
and field samples. This assay can be effectively applied in vet-
erinary epidemiology, disease monitoring, and outbreak con-
trol in endemic regions.

CONCLUSION

Bluetongue (BT) is an economically significant disease af-
fecting ruminant livestock, with the greatest impact on sheep
farming. Although no officially registered outbreaks of blue-
tongue have been reported in Kazakhstan, several scientific
studies indicate the presence of seropositive animals in the
southern regions of the country.

This study aimed to develop an RT-qPCR-based test sys-
tem for the differential diagnosis of genetic variants of blue-
tongue virus (BTV). The proposed RT-qPCR assay enables
the effective differentiation of the non-pathogenic vaccine-like
BTV strain (BTV-9W) from other virus strains that could po-
tentially enter the country through imported livestock or wild
ungulates from regions where bluetongue outbreaks are reg-
ularly reported.
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BJIIOTAHTI BUPYCBIHBIH YJITTJIEPIH HYCKAJIAY KOHE TUIITEPTE TAJIJAY YIIIH 9
CEPOTHIIIH “WEST” TOITIOTUIITIH (BTV-9W) KT-KIITP-PT O/IICIHE APJIAJIFAH PEATEHTTEP
KUHATFBIH 93IPJIIEY
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TYWUIH

Koitnapasin ka6einy 6esreri (KKB, 6mtoTanr), Hemece «kerepreH Tinm», perinae 6enrini (BTV) Ko3abipaTsH )KoFapbl
OeJicen 1l BUPYCTHIK 1HAET eKeHi Oenriti. byt iHeT S5KOHOMMKAIIBIK TYPFbIIaH 6Te MaHbI3/IbI, ce0ebi 0J1 XKOFaphl e1iM-KITIMMEH,
OHIMJIUTIKTIH TOMEH/IeyiMEH, MaJl OaChIHBIH JKaFJalbIHBIH HalllapjiayMeH KoHe SKOHOMHKAIBIK IIBIFBIHIAPMEH CMIIATTAJIa/IbI.

Kazakcran KKb Ooifpramra Kayirnci3 engep KatapblHa KaTKaHBIHA KapaMacTaH, BTV-1iH Heri3ri TackiMangayuisuiapel
— Culicoides TybICHIHA JKaTaTBIH €CEKKYPTTap €l ayMarblHAa KeHiHeH TapairaH. Ka3akCTaHHBIH OHTYCTITiHIE €CEKKYPTTap
ke0eroiHe KONMalabl JKaFgainap KadbIITaCKaH, ajl BUPYCKa ce3iMTall MaJAblH OapIIBUIBIFEL JKOHE SMHIEMHSUTBIK BTV
alfMaKTapeIHAH XaHyapiapIsl UMIOPTTAY ONIOTAHT BUPYCHIHBIH Tapaily KayIiH apTTeipaabl. OcbiFaH OaillaHBICTH KEH
TapaFaH BaKIWHAIBIK IITAMMIap.IsI OJapAbl TAOUFH ITaMMIapAaH axxeiparyra apHanrad [ITP omici apkeutet BTV otanmpIk
TECT-)KYUECIH a3ipiiey KaKeTTIJIr eTe >KOFaphIL.

Byn xymeicka KKb 6amamaceina apaanran [ITP-tect xylecin a3ipiey jkoHE BaIUIAIISUIAY HOTKENIEpl YCHIHBIIFaH.
BTV-HBI 1011 aHBIKTAYIBIH MOJEKYIISPIBIK Kypajibl peTiH/Ie Kepi TPAaHCKPHITIHS 9/TiCiHE HETI3/IeNTeH HAKThI yaKbIT PeXKAMIH/IET]
[ITP ycwepmanet, on ansiHTad yarinepae Bupyc PHK-chHBIH a3 MemmepineH aHbIKTayFa MYMKIiHIIK Oepei. JKHBIHTBIKTHIH
Herisria BTV reHomeIHbIH KOHCepBaTHBTI Oemirin (Segl0) HpIcaHara anaThH paiiMepiiep MeH (IyopecIeHTIIeH TaHOalaHFaH
30H/T KYpau 161, OYI1 KOFaphl KaOJIETTi )KoHE BUPYC CEPOTUNITEPIHIH op TYPILJIITiH aXBIpaTyIbl KAMTAaMAachl3 eTe/li. ¥ CBIHBIIBITT
OTBIpFaH TECT-KyHeci HapBIKTa CYpaHBICKa Me OOJBIT, eNJIiH a3bIK-TYMIK KayilCIi3AiriH apTThIpyFa CENTiriH THTI3e/i.

Kinr ce3nep: Orbivirus, Bluetongue virus, nTnarnoctuka, KouaapasiH Kaosiny 6esreri, KT-kIITP-PT, IITP Tect-xyiieci

YIK: 578:823

PA3PABOTKA HABOPA PEATEHTOB JJIs1 OBHAPYKEHUSA U TUIIMPOBAHUSI TOITOTHUIIA
“WEST” CEPOTHIIA 9 (BTV-9W) BUPYCA BJIIOTAHT'A METOJA0OM OT-KIIIIP-PB B BUOJOI' MYECKHUX
OBPA3IAX
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AHHOTAIIUA

Karapanpnas muxopaaka osert (KJIO, 6mtoTaHr), m3BecTHAs Kak OONE3Hb CHHETO SI3bIKA, SBISIETCS BEICOKOIIATOTCHHON BH-
pycHol mH(pekuneil, BEI3pIBaeMOii BUPYCOM KaTapalabHOH uxopaaku oser (Bluetongue virus, BTV). Jlanras 60ome3Hp nMeeT
Ba)KHOE SKOHOMHYECKOE 3HAUCHHUE, TaK KaK XapaKTePU3yeTcs BHICOKOI CMEPTHOCTBIO, CHIKEHHEM MPOJYKTHBHOCTH, YXYII-
LIIEHUEM 3/I0POBbSI JKUBOTHBIX U SKOHOMUYIECKAMH MOTEPSIMU.

Kazaxcran cunraercs onaronony4ynsiM o KJIO, Ho ocHoBHBIE niepeHocuukd BTV — mokperst pona Culicoides — nmpoko
pacmpocTpaHeHbl Ha TeppUTOpHH cTpanbl. Ha rore KazaxcraHa ClI0KUIHCh OJaronpUsTHBIC YCAOBUS IS Pa3MHOKCHUS
MOKpPEIOB, a BEICOKasA MJIOTHOCTh BOCIPUMMYMBOTO CKOTa U UMIIOPT ) XKUBOTHBIX U3 OHACMUYHBIX 110 BTV paﬁOHOB CO31ar0T
BBICOKHI PUCK paCIpOCTPaHEHHUs BUpYyca. B CBs3M ¢ BBIIIECKa3aHHBIM BO3HUKAET HEOOXOAUMOCTh pa3pabOTKH 0TEYECTBEHHON
TECT-CUCTEMBI 115 BhisiBIcHUs BTV Metonom xomudectBennoi I[P, criocoOHOM 0TMyYaTh BaKIIMHHBIC ITAMMBI BUPYCa OT
IIOJICBBIX.

B nmanHO# paboTe mpencTaBiIeHbI Pe3ybTaThI o pa3padorke u Banumanuu [P Tect-cuctemsl st nuarnoctuku KJIO.
B mporecce pa3zpabotku s TouHoro BeisiBiieHus BTV ucnosnb3oBancst meton [P ¢ 00paTHOI TpaHCKPUIIHEH B peKUME
PeaIbHOTO BPEMEHH, KOTOPBIH MO3BOJISICT OOHAPYKUBAThH HeOObIIHEe KomnmdecTBa BUpycHOit PHK B Ononornyeckux odpasmax.
OcHOBoOV HabOpa ABJSIFOTCS MpaiiMepsl U (ITyOPECIICHTHO MCUCHBIHN 30H1, HAIlCJICHHBIC HA KOHCEPBATHBHBINA Y4aCTOK FeHOMA
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BTV (Seg 10), urto obecrieynuBaeT BHICOKYIO CICIIM(DUIHOCTH M BOBMOKHOCTh OOHAPYKEHHSI Pa3IMYHBIX CEPOTUIIOB BHPYCA.
PazpabarbiBaemast TecT-cucTeMa OyneT BocTpeOOBaHa Ha PHIHKE U IIOBBICHT IPOIOBOJILCTBEHHYO O€30I1aCHOCTD B CTPAHE.

Konrouesle ciioBa: Orbivirus, Bluetongue virus, nnarnocTtrka, katapaibHas muxopaska oser, OT-xI1LIP-PB, ITLIP rect-cu-
cTeMa
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