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GENETIC ANALYSIS OF NUCLEOPROTEIN OF A/H3N8
INFLUENZA VIRUS OF ASIAN AND EUROPEAN
ORIGIN ISOLATED IN 2018

This paper presents the results of a genetic analysis of the nucleoprotein gene (NP) of two strains of
avian influenza virus isolated in the territory of the Republic of Kazakhstan in 2018 near small lakes (Alua
and Zaimishche) of the North Kazakhstan region. These strains showed the presence of 54 in the nucleo-
tide and 4 substitutions in the amino acid sequence, thereby significantly distancing themselves from
each other. In phylogenetic analysis, the strain A/northern shoveler/North-Kazakhstan/20/2018(H3N8)
showed the greatest relationship with strains from Europe, the homology between strains showed 96-
97%. The second strain A/garganey/North Kazakhstan/45/2018(H3N8) showed genetic similarity with
strains from Asia, the NP gene identity was 99%.

Key words: influenza, virus, NP, avian IAV, H3N8, vVRNP, RNA.

A.M. Meancbek', C.K. KeHamnpbaesa?, b.C. Ycep6aes', M.X. LLInpnH6ekos ',
I'. Ak6oaat?, E.A. bypaiwes’, H.C. KoxabepreHos', A.K. bonu', K.b. bapak6aes’,
A.K. Haxaros'!, M.b. OpbiH6aes’, K.T. CyataHkyAoBa'

'BMOAOTUSIABIK, KaYiMCi3Aik Mpo6AeMaAapbIHbiH, FbIABIMUM-3€PTTEY MHCTUTYTI,
>Kambbia 06AbICHI, KTK. [Bapaenckumii, KasakcraH
2BuoAorms XKoHe xmmns akyAbTeTi, M.ApabaeB aTbiHAAFbI
KbIprbi3 YATTbIK YHMBepcuTeTi, biwkek k., KpipFbi3cTaH
“e-mail: aibarysmelisbek@gmail.com
2018 XbIAbl OKLLIAYAQHFAH a3USIADbIK, XKdHe eyponaAablk, Tektec A/H3N38
TYMaybl BUPYCbIHbIH, HYKA€ONPOTEUHIHIH, TeHeTUKAABIK, TaAAdYbl

ByA >xymbicTa 2018 xbiabl COATYCTiK Ka3akcTaH 0BAbICbIHbIH LaFbiH KOAAEPI (AAya >kaHe 3anmuLLe)
MaHpblHaH KasakctaH PecnyOamkacbl aymarbiHAQ GOAIHMEH KYC TymMaybl BUPYCbIHbIH, €Ki LUTaMMbIHbIH
NP reHiHe >XYpri3iAreH reHeTMKaAblK TaAAay HoTuKeAepi OepiareH. bya wrammaap 6ip-OipiHeH
HYKAEOTUATEp Ti3beriHae 54 opblHOACYAbIH XKOHE aMUHKbILLIKbIAAAPbIHBIH, Ti30eriHAE 4 aAMaCTbIPYAbIH,
GOAYbIH KOPCEeTTi, ocblAaniia 6ip-6ipiHeH anTapAblKTan aAwakTasbl. DrAoreHeTUKaAbIK, Taapaysa A/
northern shoveler/North-Kazakhstan/20/2018(H3N8) wrammbl EyponasaH KeAreH wramMMAAPMEH eH,
YAKEH KaTbIHaCTbl KOPCETTI, LITAaMMAAP apacbiHAAFbl FOMOAOTUSI 96-97% Kypaabl. EkiHwi wramm A/
garganey/North Kazakhstan/45/2018(H3N8) A3us wtaMMAApbIMEH FeHEeTUKAAbIK, YKCaCTbIK, KOPCeTTi,
NP reHiHiH coeikecTiri 99% KypaAbl.

Ty#iH ce3aep: Tymay, Bupyc, NP, Kyc TymaybiHbiH Bupycbl, H3N8, vVRNP, PHK.
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A.M. Meancbex', C.K. Kenampbaesa?, b5.C. Ycepbaes', M. K. LLInpunbekos’,
I. Ak6oaat?, E.A. bypauwes', H.C. KoxabepreHos', A.K. bonn', K.b. bapak6aes’,
A.K. HaxanoB', M.b. OpbiH6aes’, K.T. CyATaHKyAoBa'
"Hay4HO-1CCAEAOBATEABCKMIA MHCTUTYT NPOGAEM GMOAOTMYecKol 6e30MacHOCTH,
XKambbiackast o6AacTb, nrt. I'Bapaenckmin, KasaxcraH
2MakyAbTeT 6UOAOTMM U XUMMM, KbIPrbI3CKWIA FOCY AQPCTBEHHbIN YHUBEPCUTET
um. M. Apabaesa, r. buikek, KblprbisctaH
‘e-mail: aibarysmelisbek@gmail.com

leHeTnueckunit aHaam3 HykaeonporteuHa Bupyca rpunna A/H3N8 asmarckoro
M eBpOonerCcKoro NpoMCcxXoXAeHusi, BbiaeAeHHoro B 2018 roay

B aaHHOM paboTe npeACTaBAEHbl pe3yAbTaThbl FeHETUYECKoro aHaamsa NP reHa AByX LITaMMOB
BMpYCa rpunna nruL, BbIAEAeHHbIX Ha Tepputopun Pecry6amnkm Kaszaxcran B 2018 roay Ha Tepputopum
MeAkux o3ep (Aaya u 3anmuiie) CeBepo-KasaxcTaHCKom 06AaCTU. AaHHbIE LUTAMMbl NMOKA3aAM MEXKAY
Cco060I HaAMuMe 54 3aMeH B HYKAEOTUAHOM MOCAEAOBATEAbHOCTM U 4 3aMeH B aMMHOKMCAOTHOM MOCAE-
AOBATEAbHOCTU, TEM CaMbIM 3HAYUTEABHO AMCTAHLMPYIOTCS MEXAY co60i. [pu uaoreHeTrueckom
aHaAm3e HanboAbllee POACTBO CO WTammamu 13 EBponbl nokasaa wramm A/northern shoveler/North-
Kazakhstan/20/2018(H3N8), roMoAorusi Mexay tammamm coctasuaa 96-97%. Bropoit wtamm A/
garganey/North Kazakhstan/45/2018(H3N8) nokasaa reHeTuuyeckoe CXOACTBO CO LUTaMMamu 13 Asuu,

UAEHTUYHOCTb Mo reHy NP coctaBunaa 99%.

KaroueBble caoBa: rpunn, Bupyc, NP, Bupyc ntuubero rpmnna, H3N8, vRNP, PHK.

Introduction

Influenza A viruses belonging to the Ortho-
myxoviridae family contain eight negative-sense
single-stranded RNA segments. Due to a higher er-
ror rate during replication due to the lack of a proof-
reading mechanism, influenza A viruses have a rich
genetic diversity. Wild birds form a large gene pool
of influenza A viruses in nature, based on the genet-
ic and antigenic variability of their surface proteins
HA and NA, influenza viruses are classified into dif-
ferent antigenic subtypes such as hemagglutinin 18
(HA) and neuraminidase 11 (NA) [1-2] .

The wild bird reservoir plays an important
role in the emergence, evolution, maintenance and
spread of zoonotic influenza viruses. For example,
the highly pathogenic avian influenza A (H5N1)
virus, which has been repeatedly transmitted to hu-
mans since it was first reported in 1996, has indeed
spread worldwide through bird migration [2]. The
novel H7N9 avian influenza virus has been causing
serious infections in humans in China since March
2013 and is a genetic reassortment of wild bird in-
fluenza virus and poultry avian influenza virus [3].
More recently, HSN10 influenza viruses, including
H5N6 and H5NS viruses, have been circulating in
poultry and wild birds and are causing economic
damage to livestock production. It should be noted
that the HSN6 virus has crossed the species bar-
rier and caused multiple infections among people
in China and posed a threat to human health. As
of January 15,2021, 27 laboratory-confirmed cases
of human infection with influenza A (H5N6) vi-

rus have been reported to WHO from China [4,5].
Once these zoonotic influenza viruses acquire the
ability to transmit effectively from person to per-
son, a pandemic will arise that will endanger the
lives of people around the world. Three subtypes
(HIN1, H2N2 and H3N2) of influenza viruses,
with the exception of the 1918-1919 HINI influ-
enza virus, some of whose genes originated from
a wild waterfowl reservoir, have caused influenza
pandemics in humans [6]. Waterfowl are the res-
ervoir of influenza A viruses and are responsible
for the evolution and spread of the virus over long
distances. Occasionally, spread to poultry or do-
mesticated mammals can lead to infection in hu-
mans and sustained transmission within a new
mammalian host, as evidenced by the equine influ-
enza (H3NS) (EIV) virus . H3N8 influenza viruses
have been detected in a range of wild bird species,
including Anseriformes (primarily from migra-
tory ducks) and Charadriiformes (primarily from
waders) of humans, and can trigger a population
epidemic of the virus. In addition, sporadic cases
of interspecies transmission of the H3NS8 influenza
virus have been reported in various species such as
pigs, dogs, horses, seals and donkeys [12-16]. Al-
though infected birds remain healthy or show only
mild disease, H3NS viruses can cause severe respi-
ratory illness in mammalian hosts and even death.
Of particular note, H3N8 avian influenza viruses
have established stable strains in dogs and hors-
es. Although sporadic cases of H3N§ avian IAV
have not been reported in humans, a previous study
showed that the H3NS seal virus can be transmit-
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ted by airborne infection in ferrets, which is widely
used to assess the pandemic potential of influenza
viruses in humans [17]. The above studies show
that H3N8 AIVs are a potential threat to human
and animal health.

The study of the molecular genetic properties of
all 8 genes is necessary to understand the structure
and reproduction of the virus. The nucleoprotein
(NP) gene of the avian influenza virus plays a central
role in viral replication. As a structural protein with
no intrinsic enzymatic activity, it is the most abun-
dant viral protein in infected cells. NP is a critical
component of the viral ribonucleoprotein (VRNP)
complex, and recognized functions of NP include,
among others, organization of RNA packaging, nu-
clear transport, and transcription and replication of
viral RNA. NP is a multifunctional protein and is
indispensable for virus replication [18].

Materials and methods

Objects of study

Since 2018, materials (cloaca swabs) have been
collected from various species of wild birds. The ter-
ritory for collecting material was small lakes (Alua
and Zaimishche) of the North Kazakhstan region. In
total, samples of cloacal swabs from 90 wild birds
of the families Anatidae, Accipitridae, Rallidae,
Podicipedidae were studied. Cloac samples were
collected aseptically and stored and transported in
liquid nitrogen. Samples were stored at -40°C until
the study.

Isolation of viral RNA

Viral RNA isolation was performed using the
QIAamp Viral RNA Mini Kit according to the man-
ufacturer’s recommendations from 140 pl of virus-
containing liquid.

Synthesis of CDNA

Reverse transcription for cDNA synthesis was
carried out with reversease — 200 U/ul M-MLV en-
zyme synthesizing cDNA on an RNA template us-
ing the Uni12(AGCAAAAGCAGQG) primer.

Setting up a polymerase chain reaction

The PCR mixture was collected using a com-
mercial Platinum SuperFi DNA Polymerase kit
(Invitrogen) according to the manufacturer’s rec-
ommendations using the primers listed in Table 1.
The temperature-time regimen of amplification was
carried out according to the program: 1) 50°C, 30
min.; 94 °C — 2 min.; 2) 35 cycles 94 °C — 30 sec.;
50 °C - 30 sec.; 68 °C — 1 min., post-amplification
68 °C — 7 min. Amplification was carried out on a
Mastercycler X50s cycler, Eppendorf (USA).
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Table 1 — Primers used

Primer s ms Product
Sequence 5’ -3 .
name size, bp
Bm-NP-1 AGC AAA AGC AGG GTA
_NP- 1565
Bm-NP- |\ GT AGA AAC AAG GGT ATT TTT
1565R
Sequencing

Samples for sequencing were prepared using the
BigDye Terminator v3.1 Cycle Sequencing kit from
Applied Biosystems. Sequencing was performed on
a 3130x1 Genetic Analyzer automated 16-capillary
sequencer (Applied Biosystems/Hitachi). Nucleo-
tide sequences were analyzed and assembled using
the Sequencer v 4.5 program [26].

Comparative and phylogenetic analysis

Comparative analysis by nucleotide sequences was
carried out in the software modules of the NCBI website
(http://www.ncbi.nlm.nih.gov/genbank/). The search
for homologous nucleotide sequences of influenza A
virus genes was carried out using the BLAST program
in the GeneBank database. Phylogenetic analysis of the
sequences was performed using the Mega 10 program.
The phylogenetic tree was built using the Neighbor-
joining method and the Kimura 2-parameter model with
the inclusion of substitutions d: Transitions + Transver-
sions, as well as the inclusion of codons 1st + 2nd + 3rd
+ Non-Coding and repetition bootsraps 500.

Results and discussion

As aresult of the research, genetic studies of the
degree of genetic relationship of Kazakhstani strains
of European avian influenza virus A/northern shovel-
er/North-Kazakhstan/20/2018(H3N8) and Asian or-
igin A/garganey/North Kazakhstan/45/2018(H3NS)
with reference viruses were carried out. from the
international gene database (GenBank). The results
of sequencing of the accumulated PCR products of
the NP gene, the results of which determined their
nucleotide sequences. The nucleotide sequences of
the NP gene are shown in Figure 1.

When conducting a comparative analysis of the
nucleotide sequences of the NP gene of two Kazakh
influenza virus strains A/northern shoveler/North-
Kazakhstan/20/2018(H3N8) and A/garganey/North
Kazakhstan/45/2018(H3N8) isolated in 2018 in the
northern regions Kazakhstan, it was found that the
isolates differ in the presence of 54 nucleotide substi-
tutions and 4 amino acid substitutions. The results of
the comparative analysis are presented in Figure-2.3.
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>0ON682725 A/northern shoveler/North-Kazakhstan/20/2018(H3NS)
AGCAGGGTAGATAATCACTCACTGAGTGACATCAAAATCATGGCGTCTCAAGGCACCAAACGATCTTATGAACA-
GATGGAAACTGGTGGAGAACGCCAGAATGCCACTGAAATCAGAGCATCTGTTGGAAGGATGGTTGGTGGAATTGGG-
AGGTTCTACATACAGATGTGCACTGAACTCAAACTCAGCGACTATGAAGGGAGGCTGATCCAGAACAGCATA-
ACGATAGAGAGAATGGTTCTCTCTGCATTTGATGAAAGGAGGAACAAATACCTGGAAGAACATCCCAGTGC-
GGGGAAGGACCCGAAGAAAACTGGAGGTCCAATTTATCGAAGGAGAGATGGGAAATGGATGAGAGAACTGATCCT-
GTATGACAAAGAGGAGATCAGAAGGATCTGGCGTCAAGCGAACAATGGAGAGGACGCAACTGCTGGTCTCACT-
CACCTGATGATCTGGCATTCCAATCTAAATGATGCCACATACCAGAGGACAAGAGCTCTCGTGCGTACTGGGATG-
GACCCCAGAATGTGCTCTCTGATGCAAGGATCAACTCTCCCGAGGAGATCTGGAGCTGCTGGTGCAGCAGTA-
AAGGGAGTCGGAACGATGGTGATGGAACTAATTCGGATGATAAAACGAGGGATTAATGACCGGAATTTCTGGAGA-
GGCGAAAACGGACGGAGAACAAGGATTGCATATGAGAGAATGTGCAACATCCTCAAAGGGAAATTCCAAA-
CAGCAGCACAAAGAGCAATGATGGATCAGGTGCGTGAAAGCAGGAATCCTGGCAATGCTGAAATTGAAGATCT-
TATCTTTCTGGCACGGTCTGCACTCATCCTGAGAGGATCAGTGGCCCATAAGTCCTGCTTGCCTGCTTGTGTATAC-
GGACTCGCTGTGGCCAGTGGATACGACTTTGAGAGAGAAGGGTACTCTCTAGTTGGAATAGATCCTTTCCGTCT-
GCTTCAAAACAGCCAGGTCTTCAGTCTCATTAGACCAAATGAGAACCCAGCACACAAGAGTCAATTGGTTTGGATG-
GCATGCCATACTGCAGCATTTGAAGACCTGAGAGTCTCAAGTTTCATCAGAGGGACAAGAGTGGTCCCAAGAGGA-
CAACTATCCACCAGAGGAGTTCAAATTGCTTCAAACGAGAACATGGAAACAATGGACTCCAGCACTCTTGAATT-
GAGGAGCAGATATTGGGCTATAAGAACCAGGAGTGGAGGAAACACCAACCAACAGAGAGCATCTGCAGGACA-
GATCAGTGTACAGCCCACTTTCTCGGTACAGAGAAATCTTCCCTTCGAAAGAGCGACCATTATGGCGGCGTTCA-
CAGGAAATACTGAAGGCAGAACATCTGACATGAGGACTGAAATCATAAGAATGATGGAAAGTGCCAGACCAGAA-
GATGTGTCCTTCCAGGGGCGGGGAGTCTTCGAGCTCTCGGACGAAAAGGCAACGAACCCGATCGTGCCTTCCTTT-
GACATGAGTAATGAAGGATCTTATTTCTTCGGAGACAATGCAAAGGAGTATGACAATTAAAGAAAAATACCCTT-
GTTTCTACT

>MT126635 (A/garganey/North Kazakhstan/45/2018(H3N8)
AGCAGGGTAGATAATCACTCACTGAGTGACATCAACATCATGGCGTCTCAAGGCACCAAACGATCTTATGAA-
CAGATGGAAACTGGTGGAGAGCGCCAGAATGCCACTGAGATCAGAGCATCTGTTGGAAGAATGGTTGGTG-
GAATTGGGAGGTTCTACATACAGATGTGCACTGAGCTCAAACTCAGCGACTATGAAGGAAGGCTGATCCAGAA-
CAGCATAACAATAGAGAGAATGGTTCTATCTGCATTTGATGAAAGGAGGAACAAATATCTGGAAGAACATCCCAGT-
GCGGGGAAGGACCCGAAGAAAACTGGAGGTCCAATTTATCGGAGGAGAGATGGGAAATGGGTGAGAGAACT-
GATCCTGTACGACAAAGAGGAGATCAGGAGGATCTGGCGTCAAGCGAACAATGGAGAAGACGCAACTGCTG-
GTCTCACTCACCTGATGATCTGGCATTCCAATCTAAATGATGCCACATACCAGAGGACAAGAGCTCTCGTGC-
GTACTGGGATGGACCCCAGGATGTGCTCTCTTATGCAAGGATCAACTCTCCCAAGGAGATCTGGAGCTGCTG-
GTGCAGCAGTAAAGGGAGTCGGGACAATGGTGATGGAACTAATTCGGATGATAAAGCGAGGAATTAAT-
GATCGGAACTTCTGGAGAGGTGAGAATGGACGAAGGACAAGGATTGCATATGAGAGAATGTGCAACATCCT-
CAAAGGGAAATTCCAAACAGCAGCACAAAGAGCAATGATGGACCAGGTGCGTGAAAGCAGGAATCCTGGCAAT-
GCTGAAATTGAAGATCTCATCTTTCTGGCACGGTCTGCACTCATCCTGAGAGGGTCAGTGGCCCATAAGTCCTGCTT-
GCCTGCTTGTGTGTACGGACTCGCTGTGGCCAGTGGATACGACTTTGAGAGAGAAGGGTACTCTCTAGTTGGAATA-
GATCCTTTCCGTCTGCTTCAAAACAGCCAGGTCTTCAGTCTCATTAGACCAAATGAGAATCCAGCACACAAGAGT-
CAATTGGTGTGGATGGCATGTCATTCTGCAGCATTCGAGGATCTGAGAGTCTCAAGTTTCATCAGAGGGACAAGAG-
TAGTTCCAAGAGGACAACTATCCACCAGAGGAGTTCAAATTGCTTCAAATGAGAATATGGAAACAATGGACTC-
CAGCACTCTTGAACTGAGAAGCAGATATTGGGCTATAAGAACCAGGAGTGGAGGAAACACCAACCAACAAAGAG-
CATCTGCAGGACAAATCAGTGTACAGCCCACTTTCTCGGTACAGAGAAATCTTCCCTTTGAAAGAGCGACCAT-
TATGGCGGCGTTCACAGGGAATACTGAGGGCAGAACATCCGACATGAGGACTGAAATCATAAGAATGATGGAAAGT
GCCAGACCAGAAGATGTGTCTTTCCAGGGGCGGGGAGTCTTCGAGCTCTCGGACGAAAAGGCAACGGACCCGATC
GTGCCTTCCTTTGACATGAGTAATGAAGGATCTTATTTCTTCGGAGACAATGCAGAGGAGTATGACAATTAAAGAAA
AATACCCTTG

Figure 1 — Nucleotide sequence of the NP gene of Kazakhstan influenza virus strains A/northern shoveler/North-
Kazakhstan/20/2018(H3N8) and A/garganey/North-Kazakhstan/45/2018(H3N8)

Analysis of the nucleotide sequence of the NP
gene of Kazakhstan influenza virus strains A/north-
ern shoveler/North-Kazakhstan/20/2018(H3NE)
and A/garganey/North Kazakhstan/45/2018(H3NS)
by the BLAST program showed that the sequence
homology between them is 97% . The results are
presented in Figure-2.

Further studies were aimed at conducting a com-
parative analysis of the NP gene of new strains of

avian influenza virus with the available data in the
international gene bank and compiling a phylogenetic
tree. To determine the phylogenetic characteristics
of two influenza virus strains A/northern shoveler/
North-Kazakhstan/20/2018(H3N8) and A/garganey/
North Kazakhstan/45/2018(H3N8), the sequenced re-
gion of the NP gene was aligned with the nucleotide
sequences of influenza virus strains from the interna-
tional data bank. The results are shown in Figure-4
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Score Expect Tdentities Gaps Strand

2565 bits{13289) 0.0 1487/1551{97%:) 0/1551({0%) Flus/Flus
Query 1 AGCAGEGTAGATAATCACTCACTGAGTGACATCAACATCATGRCGTCTCAAGGCACCAAA &8
L T o e Boeinsssansssnannannnanns BB
Query &1 CRATCTTATGAACAGATGRAAACTGETGRAGAGCGCCAGAATGCCACTRAGATCAGAGCA 128
T o o = o 1z2a

Query 121 TCTGTTGGAAGAATEGT TEGTGEAATTEGEGAGETTCTACATACAGATETGCACTGAGCTC 188
Skjct 121 L. .eaaaa.n Guossssassssnsssssssananssnsanssnsnnsannnansnbhans 138

Query 181 AAACTCAGCGACTATGAAGGAAGEITGATOCAGAACAGLATAACAATAGAGAGAATGGTT 248
Sbjct 181 fa i mea e i e e e aa e L 248

Query 241 CTATCTGCATTTGATGAAAGRAGGAACARATATCTEGAAGAACATCCCAGTGCOGEEEAAE 288
Sbjct 241 L sea

Query 3el GACCCGAAGARMA RETGGAEGTECARTTTuTEGGwGGhGAEhTEGGA&ATGGGTGwGAGHA 268
£ o = veneea L=t ]

Query 361 CTGATCCTETACGACAAAGAGGAGATCAGGAGEATCTEECATCAAGCGAACAATGEAGAA 428
Sbjct 2E1 ..., Tewoonnannnannnans Y COE e

Query 421 GACGCAACTECTEGETCTCACTCACCTGATGATCTGECATTCCAATCTARATGATGCCACA 488
L o o . 488

Query 481 TACCAGAGRACAAGAGCTCTCGTGLGTACTEGEATEGGACCCCAGGATETGITCTOTTATE 548
L o o - o Bivsssnnsana@aa. 548

Query 541 CAAGEATCAACTCTCCCAAGGAGATCTEEAGCTGCTEETECAGLAGTAAAGERAGTLGRE 28
Skjct 541 L. ieiiaieeaaas Guosssnssassssamsassnsanssnsnnsnnnnnnnneskli GO

Query &8l ACAATEETEATEGAACTAATTCGOATEGATAAAGCGAGGAATTAATGATCGEAACTTCTGE &6
Sbjct se1 L L Ee@

Query 661 AGAGETGAGAATEEACGAAGGACAAGRATTGCATATGAGAGAATEGTGCAACATCCTCAAA 728
sbjct 661 O e T 1

Query 721 GOGAAATTCCAAACAGCAGCACAAAGAGCAATGATGOACCAGETGCGTOARAAGCAGGAAT 7E&
L T o . Tesnasawnsasansanannans FO8

Query 7Bl CCTGECAATECTGAAAT TEAAGATCTCATCTTTCTEECACGGTCTGCACTCATOCTRAGA S48
Skjct 781 L. iiaissssesa s nnaann Towiaswsnasssnasannansanannnnnnsns 548

Query 841 GEETCAGTEECCCATAAGTCCTGCTTGCLTECTTGTAGTETACGEACTCGCTETGEGCCAGT 28
Sbjct =21 T = 1]

Query 9Sel GEATACGACTTTGAGAGAGAAGGGTACTCTCTAGTTGEGAATAGATCCTTTCOGTITGETT 2968
L o = 1 =152z

Query 9el CAARACAGLCAGGTCTTCAGTCTCATTAGACCARATGAGAATCCAGIACACAAGAGTCAA 1828
L o o - Civnnnnnnnnannnnans laze

Query 1821 TTeeTETEEATEGCATGTCATTCTGCAGCATTCGAGGATCTEGAGAGTCTCAAGTTTCATL 1288
Skjct 1821 ... Teeiariraanas R TewBeelovinnnnnnansnsannmnnns 1asa

Query 1831 AGAGGEACAAGAGTAGTTCCAAGAGGACAACTATCCACCAGAGGAGTTCAAATTGCTTCA 1148
Sbjct 12821 ... ....... L s R0

Query 1141 AATGAGAATATGGAAACAATGRACTCCAGCACTOTTGAACTGAGAAGCAGATATTEEGLT 1288
Sbjct 1141 ..C..... CovnannnnsnannansasansanannsnnslonnaBancnsnansnnnnnns 1288

Query 128l ATAAGAACCAGGAGTEGAGGAAACACCAACCAACAAAGAGCATCTECAGGACAAMATCAGT 1268
o . G.. . . B 1258

Query 1261 GTACAGCCCACTTTCTCGETACAGAGAAATCTTCCCTTTGAAAGAGCGACCATTATEGGIE 1328
Shjct 1281 ... eeiiiiiai e s s Covnnnnnnnnnnnannenaas 1328

Query 1321 GCGTTCACAGGGAATACTEAGEGCAGAACATCCGACATGAGGACTGAAATCATAAGAATE 1388
Sbjct 1321 L.......... [ . L 13E8

Query 13281 ATGRAAAGTECCAGACCAGAAGATGTGETCTTTCLAGGGECGEEEAGTCTTOGAGCTCTCE 1448
Shjct 1381 ..veeiiiiiariranna s Civnnnnsnsnansansnsansnnsnnnans 1338

Query 1441 GACGAAAAGGCAACGGACCCGATCGTECCTTCOCTTTGACATGAGTAATGAAGGATCTTAT 15868
Shjct 1441 ... i iaeeaan Biissssamsssa s s sam s snesoa Nan s s R e 1588

Query 1581 TTCTTCGGAGACAATGCAGAGGAGTATGACAATTAAAGAAAAATACCCTTG 1551
Skjct 1581 ......iiiaiiennann Buwsansassnsanmanssnsnnnnnnnnsans 4551

Figure 2 — Comparative analysis of the nucleotide sequence of the NP gene of Kazakhstan influenza virus strains ON682725 A/
northern shoveler/North-Kazakhstan/20/2018(H3N8) and MT126635 A/garganey/North azakhstan/45/2018(H3NS)
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Range 1: 1 to 498 GenPept Graphics

Score Expect Method lzentities Positives Gaps
1028 bits(2657) 0.0  Compositional matrix adjust. 454/438(%3%) 4598/498(100%) 0/438(0%)

Query 1  MASQGETKASYEQMETGGERQNATEIRASVGRMVGEIGRFYIQMCTELKLSDYEGRLIQNS &6
2o S &8

Query 61  ITIERMVLSAFDERRNKYLEEHPSAGKDPKKTGGPIYRRRDGKWVRELILYDKEEIRRIW 128
] o = Mevivannnnannnas 128

Query 121 ROANMGEDATAGLTHLMIWHSHLNDATYQRTRALVRTGMDPRMCSLMOGSTLPRRSGAAG 182
] o 182
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Figure 3 — Comparative analysis of the amino acid sequence of the NP gene of the Kazakh strains
of the influenza virus ON682725 A/northern shoveler/North-Kazakhstan/20/2018(H3N8)
and MT126635 A/garganey/North Kazakhstan/45/2018(H3NS)

MT020279 (A/duck/Mongolia/961/2019(H3N8)

MT020271 (A/duck/Mongolia/876/2019(H3N8)

MN209522 (A/duck/Bangladesh/35669/2018(H3N8)

@ MT126635 (A/garganey/North Kazakhstan/45/2018(H3N8)

OK235641 (A/Wild Duck/South Korea/KNU2020-74/2020(H3N8)

MK414694 (A/Mallard/Netherlands/8/2013(H3N8)
MK414730 (A/Mallard/Netherlands/37/2015(H3N8)
. ON682725 (A/northern shoveler/North-Kazakhstan/20/2018(H3N8)

MN700160 (A/duck/Moscow/4298/2010(H3N8)

0.01

Figure 4 — Phylogenetic tree of nucleotide sequences of the NP gene of strains ON682725 A/northern
shoveler/North-Kazakhstan/20/2018(H3NS8) is marked with a square and MT126635 A/garganey/North
Kazakhstan/45/2018(H3N8) is marked with a circle with influenza virus strains
from international data bank GenBank
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Kazakhstan, as the largest country in Central
Asia, is the site of transcontinental migration routes
connecting East Asian migration routes with Eu-
ropean ones and vice versa [22]. Genetic analysis
in the avian influenza monitoring system makes it
possible to determine the genetic characteristics
of influenza virus strains isolated from wild birds,
identify strains with unusual biological properties
and strains with high virulence, as well as predict
epizootic situations and justify timely interventions
in the epizootic process. The study of phylogenet-
ic similarities of circulating avian influenza virus
strains around the world is necessary to identify the
mechanisms of their spread [19].

The study of phylogenetic similarities of the
genetic relationship of Kazakhstani strains of avian
influenza virus in the NP gene of European A/north-
ern shoveler/North-Kazakhstan/20/2018(H3N8)
and Asian origin A/garganey/North
Kazakhstan/45/2018(H3N8) with reference viruses
from the international database showed (Figure 4)
that the strain of European origin A/northern shov-
eler/North-Kazakhstan/20/2018(H3N8) showed the
greatest relationship with the strain from Russia
(A/duck/Moscow/4298/2010(H3NS) and the Neth-
erlands ( A/Mallard/Netherlands/8/2013(H3N®8)
through which the migratory route of wild geese
runs, the homology between strains was 99%. with
strains from Mongolia, Bangladesh and South Ko-
rea, identity between strains varies between 96%-
97% There are 4 major transcontinental migration
routes in Mongolia alone (East Asia/Australia,
Central and Asia/India, Western Asia/Africa and
the Mediterranean/Black Sea), outbreaks of various
subtypes of avian influenza virus have also been de-
tected in these countries [20].

The presence of similar segments of identified
low pathogenic H3NS strains in wild waterfowl from
Russia and Europe also suggests a link between new
reassortants and migratory birds from Asian coun-
tries of the African-Eurasian flyway as molting and
resting sites along the Russian-Kazakhstan, Mon-

golian and Chinese borders [21]. According to the
World Organization for Animal Health, the deterio-
ration of the epizootic picture in 2018-2019 led to
outbreaks of highly pathogenic HSN8 strains around
the world in 2020. Significant deaths were recorded
among poultry in Kazakhstan, China, Mongolia and
Russia [23].

An analysis of various literature shows a sig-
nificant spread of the H3N8 subtype avian influenza
virus on all continents of the world; the availability
of such data allows us to conclude that there is a
global threat to human and animal health. The avian
influenza virus is distinguished by the peculiarity of
interspecies transfer of the host, thereby creating a
great danger for new epizootic outbreaks. Observa-
tion and study of the molecular genetic properties
of circulating new strains of avian influenza virus in
the territory of the Republic of Kazakhstan is neces-
sary for preventive measures and the prevention of
new outbreaks.

The study of the origin of hemagglutinin (HA)
of these strains by phylogenetic analysis differ-
entiated the strain A/northern shoveler/North-
Kazakhstan/20/2018(H3N8) into the group of
the European line, the strain A/garganey/North
Kazakhstan/45/2018(H3N8) belonged to the group
Asian line [24].

Thus, the phylogenetic tree of the NP gene
showed that two genetically different H3 viruses of
Asian and European origin circulate in Kazakhstan.
The circulation of these strains is due to the location
of Kazakhstan on the main migratory routes of wild
birds, which are reservoirs of the avian influenza vi-
rus. Recombination of H3 subtype influenza viruses
requires constant monitoring in Kazakhstan.

The work was conducted under the support of
the Committee of Science of the Ministry of Edu-
cation and Science of the Republic of Kazakhstan
within the Grant Financing Project AP05132659,
“Molecular Epizootological Monitoring of Avian
Influenza in Kazakhstan.”
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