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AHHOTANUA

B nanHO#i cTaThe mpeACTaBIEHBI PE3yNbTaThl CPABHUTEIHFHOTO MOJIEKYJISAPHO-TEHETHIECKOTO
aHajgn3a IMOJIHOTO TeHOMa BHICOKOMATOTCHHOro BHpyca rpunma A A/Mute swan/Mangystau/9421/2022
(H5N1). HccnenoBanue mpoBeIeHO Ha M30JATE, MOMYYEHHOM OT morubimero jiedens-mumyna (Cygnus
olor) Bo Bpems BCOBIMIKK WHOEKIWU CPEAW BOAOILIABAIONIMX MTHIl, 3UMYIOIUX Ha MaHTUCTayCKOM
npubpexnse Kacnms. B pesynbrare micciieqoBaHUS MaHHBIM HW30JIAT ONpPENeiIeH KaK BBICOKOMATOTECHHBIHN
ITaMM, oTHOcsmuiics k HS xmaga 2.3.4.4b.

KuroueBble ci10Ba: TPUII NITUL, CEKBEHUPOBAHKE, (PHIOTCHETHUECKUH aHaJIN3, MaTOr€HHOCTb.

Bupyc rpumnma A, mnpuHamnexamuii k  cemeidictBy  Orthomyxoviridae pona
Alphainfluenzavirus, npeacrasisier coboii oanonenodednbiec PHK-Bupychl ¢ MHHYC HUTBIO |
CEerMEHTHUPOBAaHHBIM TeHOMOM [ 1]. Bupycsl rpunma (BI') nTuil oTianygarTces mo moBEpXHOCTHBIM
OcnkaM TeMarrjJloTHHHHA W HedWpamuHugasbel. Omnwucano 19 pa3nWuHBIX — TMOJTHUIIOB
remarrmoruanaa (H1-H19) [2] u 11 moarunos Hetipamuanaas (N1-N11) [3] BI'. Kaxasriii moarur
BHpYyCa XapaKTEpU3yeTcsl OMpEleIeHHON KOMOMHAIMel reMarriioTHHHHA U HelpaMUHUAA3bL,
KOTOpoi oH oOmanaet. ['eHomMbr BI' ITUI] COCTOSAT M3 BOCKMU Pa3IMYHBIX TEHHBIX CETMEHTOB U3
pubonykienHoBsix kucioT (PHK). Bupuon rpunma BriaroyaeT crieayromue —O€nKu:
remarrmoruanH (HA), vefipamuannazy (NA), marpuunsiii (M1), 6e10k IpOTOHHOTO MOHHOTO
ka"asa (M2), mykieonporend (NP), ocHoBHBIN Oenok mommmepassl 1 (PB1), ocHOBHBIN Oemok
nonumepassl 2 (PB2), kucnotHeriil 6enok monmumepassl (PA) u HectpykTypHbie 6enku 1 (NS1) u 2
(NS2) [4]. B 3aBucumoctu OT BuUpyJeHTHOCTH BI' y gomamHMX W JUKUX TTUI OH MOXKET
KJIACCHU(UITUPOBATHCS KaK HU3KOMATOTCHHBIN TPHUIIIT MTHII WJIA BBICOKOTIATOT€HHBIN TPHUIIIT IITHI
(BIII'TI) [5, 6]. Bo30ynutenu 60abmHCTBA HHGEKITNI TPUIITA IITUIT Y JOMAITHUAX Kyp — IITAMMBbI
HU3KOIMATOTEHHOTO TPHUMINA NTHUI, KOTOPbIE BBI3BIBAIOT JETKyl0 ¢opMy 3a0oleBaHUs C
MPOSIBIICHUEM PECIUPATOPHBIX, KHUIIEYHBIX WM PENpOAyKTUBHBIX TpusHakoB. BIIITI,
CJIEIOBATENLHO, BRI3BIBAET y IITHII TSDKETYIO GopMy O0JIE3HU U TPUBOTUT K BBICOKOW CMEPTHOCTH.
BIIT'TI mpomomkaeT IUPKYIUPOBATh B OPHUTOGAYHE U IIEPUOANIECCKH IMOPaKAeT JOMAITHUX TITHIT
[7].

Ho cerogusimnero qusa Benbinky BITITT cpenn moMamHuX NTHI] BBI3BIBAIUCH IITAMMaMH
HS5 nnu H7, xoTopsble, 0qHaKO, peIKO BBISBIILINCH B MONYJANMAX IUKUX nTull. HecMoTps Ha 3T0,
B ITOCJIEHUE TOJIbl BOZHUKIIA BBICOKOBUPYJIEeHTHBIE TaMMbl BI' ituiy HSN1, koTopsie nposBuim
CIIOCOOHOCTh MH(PHUIIMPOBATH KaK TOMAITHUX, TAK U MHOTUE BHJIBI JUKUX NITHUIL [§, 9], yBennuuBas
PHYCK peKOMOWHAIMK MITUYBUX U YeJIOBEYECKUX ImTaMMoB. Tak, B 2005 r. B Boctounoii Azuu 112
4enoBek 3apazminck Bupycom H5N1, B pezynbrare gero 57 4enoBek moru0iu. bomsMHCTBO 3THX
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CIIy4aeB Cpedu JIIoJed MPOU30IUI0 B pe3yabTaTe MPSMOTO KOHTAKTa C HHPHUIIMPOBAHHOU
JomammHer nrturned wiau ntudbuM moMeToMm [10]. Ocenpro 2020 roma BO MHOTHMX MeECTax
Kazaxcrana Hauaics maiex OT NTHYbETO TPUIIIA JUKUX BOJTHO-O0IOTHBIX ITHII, MUTPHPOBABIIIIX
Ha 0T, BCKOpE Haudajach rubenb nomarnHeidt ntuilkl. Bo Bpems Bembimek HSN8 ob6mas moreps
ntuilbl Ha KoHer 2020 r. cocraBuia 2 MitH ToJioB [11].

[{enb gaHHOTO KCCNEA0BAaHUA: MOJIEKYIAPHO-TeHETUYECKasl XapaKTePUCTHUKA TAaTOT€HHOCTH
mramMma Bupyca rpunmna A/Mute swan/Mangystau/9421/2022 (H5N1), BbLielneHHOro OT
norubmero sebens-munyda (Cygnus olor) Bo BpeMss BCHOBIIKH HHPEKIMH CpPEan

BOJIOTIJIABAIOIIMX IITHUII, 3MMYIOIIMX Ha MaHrucrayckom nooepexnse Kacnusi.

Martepuajabl 1 METObI HCCJIEIOBAHNS

COop xnuHMYecKuXx 00pa3noB. TpaxeanbHble U KJIOAKaIbHbIE CMBIBBI MABIIUX MTHI] ObLTH
B3ATBI C COOMIONEHHEM CepTU(UIMPOBAHHBIX METOAMK, pEKOMEeHIoBaHHbBIX BO3 wu
MexnayHaponapiM OnuzootudeckuM bropo [12, 13]. CmbiBeI Opanu CTEpWJIBHBIM BaTHBIM
TaMIIOHOM C TUIACTUKOBOW PYy4YKOH, MOMEIIanu BO (PIAKOHBI ¢ BHPYC TPAHCIOPTUPOBOYHOU
cpemoi, coaepkameid KOMIUIEKC aHTHOMOTHKOB (meHumwiinH 2000 en/mil, CTpenTOMUIIUH 2
mr/mi, reHTaMaiuH 50 MKr/mui, HucTatuH 50 ea/mi) ¥ OblYMH CHIBOPOTOYHBIM albOyYMHUH B
koHeuHO# koHneHTpauu 0,5%. ITpoOsI 10 TpoBeICHUS UCCIIEIOBAHUM XPAaHUIIN B )KUJIKOM a30Te
(-196°C).

M3omsimusa  Bupyca. Breimenenune Bupyca mnpoBoawiau nyrem uwHoOKysiuuu - [TLP-
MOJIOKHUTEIBHOTO 00paslia B aJUIaHTOUCHYIO MoJocTh TpexX 10-11-7HEeBHBIX pa3BHBAIOIIUXCS
KYPUHBIX YMOPHOHOB U Toceayonie nakyoanueit mpu +37°C B reuenue 48 4. Hanuuue Bupyca
B QJUIAHTOMCHOM JKUAKOCTU TIpoBepsaau MukpomeronoM PI'A ¢ wucnonb3oBanuem 0,75%
CYCTIEH3UH KYPUHBIX SpUTPOIUTOB [14]. Bupyc Obl1 0OHapyKEH MPU NEPBUYHOM 3apaXKEHUU U
OBLIO TIPOBEIEHO KIOHUPOBAHUE C TIpeiebHbIM passenenuem 107, 103 u 107°. JIng uccnemopanus
BHpYyca ncrombs3oBann 10~ passenenne ¢ Tutpom 1:512. Beinenenne PHK 13 cMBIBOB IPOBOTHITH
¢ wucnonb3oBanueM Habopa QIAamp Viral RNA Mini Kit (Qiagen GmbH, Hilden), B
COOTBETCTBUU C PEKOMEHIALUSIMU MTpou3BoAUTENS U3 140 MKII cMbIBa.

Oo6patnas Tpanckpunius u mynbturiexe [P (OT-ITLP). Ckpununar obpasios PHK Ha
MPUHAJICKHOCTh K BUpycaM rpunma A B myabturuieke OT-ITLP npoBoawin e1MHOBPEMEHHO B
onHommaroBoi peakuuu ¢ Habopom OneTaq® One-Step RT-PCR Kit (New England Biolabs,
Ipswich, MA) ¢ npaiimepamu k M, H5 u N1 renam Bupyca rpunma A [15]. Jns koHTposs
cneunuynoctn mynsturuieke [1LP ucnonp3oBamy BeIAETECHHBIH U MACHTU(QHUIMPOBAHHBINA B
nabopaTtopuu skojoruu BupycoB HIIL mukpobuonoruu u Bupyconoruu Bupyc rpunmna A/nedenpb
mmnyH/Akray/1460/06 (H5N1). Ilpu npuroToBIeHWH pEakIMOHHOW CMECH HCIIOJIb30BaIN
nparmMepsbl K MaTpukcHOMY reny, renam HA H5 u NA N1.

Tabmuua 1 - Cnucok npaiiMepoB It MOTHOTO ceKBeHHpoBaHus reHoma BI

No | Ha3sanue HasBanue npaiimepa: 3’ npsimast Hassanue mpaiimepa: 5° JmHa
n/m reHa HYKJIICOTHTHAS oOpaTHast HyKJICOTH THASI 0KUIaeMOT
(nmuHa) MOCIIEZIOBATEIBHOCTh MOCIIEZIOBATEIBHOCTh 0 MPOJIYKTa
1 2 3 4 5
1 | PB2(2341) | PB2F1: AGC AAA AGC AGG PB2R 1032: CTY GTT CTT 1032
TCA [16] TTG AAA GTG AA [16]
PB2 F781: GAG AAA TGA PB2R 1734: GGR TCT TGT 953
TGA TGT TGA CCA [16] GAC CAT TGA AT [16]
PB2 F 1625: TCG TCA TCA R5 REV: TAATAC GAC TCA 718
ATG ATG TGG GA [16] CTATAA GTA[16]
2 | PB1(2341) | Bm-PB1-1: TAT TCG TCT CAG PB1-1262R: TTR AAC ATG 1262
GGA GCG AAAGCAGGC A CCC ATC ATC AT [17]
[16]
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1 2 3 4 5
PB2-1124F: ARA TAC CNG Bm-PB1-2341R: ATA TCG 1217
CAG ARA TGC T [17] TCT CGT ATT AGT AGA
AAC AAG GCA TTT [16]
3 | PA(2233) | Bm-PA-1: TATTCG TCT CAG | PA-1498R: TNG TYC TRC 1498
GGA GCG AAA GCAGGT AC | AYTTGC TTATCAT[17]
[16]
PA-747F: CAT TGA GGG CAA | Bm-PA-2233R: ATATCG TCT 1486
GCT TTC [17] CGT ATT AGT AGA AAC
AAG GTA CTT [16]
4 | HA(1778) | SZAHAF: CTC GAG AGC AAA | SZAHAR: AGT AGA AAC 1778
AGC AGG GG [16] AAG GGT GTT TTT [16]
5 | NP (1565) | SZANPF: CTC GAG AGC AAA | E001 NP-734R: ATT TTC CCT 734
AGC AGG GT [18] TTG AGG ATG TTG CAC
ATT C[17]
E003 NP-517F: GGA ATG GAY | SZANPR: AGT AGA AAC 1048
CCC AGG ATG TGC TC [17] AAG GGT ATT TTT C [18]
6 | NA (1413) | SZANAF: AGC AAAAGC AGG | SZANAR: AGT AGA AAC 1413
AGT TTA AAA TG [18] AAG GAG TTT TTT [16]
7 | M(1027) | SZAMF: CTC GAG CAA AAG SZAMR: AGC AAA AGC 1027
CAG GTA GAT [18] AGG GTG ACA AA [18]
8 | NS(890) | SZANSF: AGC AAAAGC AGG | SZANSR: ATG AGA AAC 890
GTG ACA AA [18] AAG GGT GTT TTT T [18]

CekBenupoBanue reHoma. [ amminpukanuy Bcero reHoMa rpunmna A ucrnonb3oBaiu 13
nap npariMepoB [16-18] (tabauma 1). beumm ammmuduIMpoBaHbl BCE BOCEMb T€HHBIX CETMEHTOB C
2-3 nepexpoiBaromumucs npoaykramu TP m1s oGecriedenns: kauecTBa Mociieq0BaTeIbHOCTH €
o6oux Hanpasienuit. OT-IILP npoBoawnu ¢ ucnosb3oBaHMEM Habopa i OJHOCTYINEHYATON
OT-IILIP OneTaq (NEB, CIIIA) B COOTBETCTBUU € POTOKOJIOM NMPOU3BOAUTENSL. AMILUTH(PHUKALINS
MPOBOJIMJIACH TIPH CICAYIONMMX TapaMmeTpax: oOparHas TtpaHckpunmus npu 48°C 45 wuH,
HavanpHas - 2 MuH neHatyparus npu 95°C u ammmudukanus B 40 IUKIOB, BKITFOYAOINAS
nenatypanuio (94°C, 30 cex), omxur npariMepoB (56°C, 20 cex) u yamuaenue nenu (72°C, 2 MuH)
¢ nocnenymwouei okoHdyareabHou amoHranueit npu 72°C, 10 mun. Ilpoayktel TP paznensuin
anekTpodopezoM B 1,5% araposznom rene. [Iponykret OT-IILP Beipe3anu u3 rens u oyumiany ¢
nomotipio Habopa QIAquick PCR Purification Kit (Qiagen, CIIIA). CexenupoBanue JIHK
IpoBOAWIN Ha ounieHHbIX mpoaykTax [IIP ¢ ucnonp3oBanneM Habopa Uil CEKBEHUPOBAHUS
BigDye Terminator v3.1 (ABI, ®ocrep-Cutu, Kanudopuus) Ha renernueckom ananuzatope ABI
3500 (Applied Biosystems, Life Technologies, Kamudopuus, CIIIA). CekBeHUpOBaHUE KaKI0TO
npoaykra [1IIP mpoBomumm ¢ o6enx cTOpOH. BONBIIMHCTBO MOCIEAOBATEIHLHOCTEH CONEpKAT
YHHUKaJbHbIE TTUKU CO 3HaUeHUsIMU kauecTBa BbiIe 40. [TonydyeHHble mocae10BaTeIbHOCTH ObLIH
COIIOCTABJICHbI C IPYTMMHU IITaMMaMH Bupyca nTtuubero rpumma HS u3 GenBank (anropurm
Clustal W) u mocTpoeHbl (prIoreHeTHYeCKHe IePEBbs ¢ UCIOJIb30BAaHUEM METOJ1a O0BEAMHEHUS
coceneii u anroputma Mmoaenu Tamura-Nei [19] ¢ nporpammubim ob6ecrieuennem MEGA 7.0 [20].

Pe3yabTaThl M 00Cy:KIeHHE

HccnenoBansl Ononornyeckue oOpasilbl B BUIE TPaxealbHBIX U KIOAKATHHBIX CMBIBOB,
COOpaHHBIX OT OJMHHAIIATH MABINUX MTHUI[: aecaTH Jebenein-mmmyna (Cygnus olor) u ogHoro
nebens-xkukyna (Cygnus cygnus), sumoBaBmmx Ha o3epe Kapakons (Kaparue-Kapakonbckuid
rocynapcTBeHHbIN 3aka3HuK 43°63'18“N 51°19'3“E) B Manrucrayckom modepexnpe Kacrus B
nekabpe 2022 r.

B pesymprare III[P-ckpuHuHTa OMOMaTepwasioB OT NaBIIUX Jedeneil OOHapyKEHBI
¢parmenTsl M-rena Bupyca rpumnmna A B 17 nmpo6ax (8 TpaxeanbHbIX, 9 knoakanbHbIX). ['enst HA
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U NA B MOJOKUTENBHBIX 00pa3Iiax aMITMIMPOBAIHUCEH C TIOMOIIBIO MpaiiMepoB, crienn(UIHBIX K
noarumaM HS5 u N1.

HItamm Bupyca rpunma A/Mute swan/Mangystau/9421/2022 (H5N1) Ol u301upoBaH U3
KJIOAKaJIbHBIX CMBIBOB MTOTHOIIero nedeas-mmmyHa Ha 10-11-1HeBHBIX pa3BUBAIONTUXCS KYPHUHBIX
IMOpHUOHAX.

[TonmnoreHomHoe cekBeHupoBaHue W BLASTn aHanmm3bl mOKa3aid 3HAYUTEIIBHOE
TeHETUYECKOe CXOJICTBO ITamMma Bupyca rpunma A/Mute swan/Mangystau/9421/2022 no Bcem
BOCbMH T'€HaM C BbICOKOMIATOTEHHBIMU SMU300THYECKUMH BapuanTtamMu BI', H301MpoBaHHBIMU OT
JOMAIIHUX W TUKUX 0Tl B Boctounoit EBpore u Adpuke (tabmuma 2) [21]. Kak BugHo u3
Tabnuupl 1, JOOHOpaMM IHECTH U3 BOCBMH T'€HOB H3Y4aeMOIo ITaMMa SBJISUIMCH
BBICOKOIIATOTE€HHbIE BapHaHThl Bupyca rpunmna H5NI.

Mounekyna remarriatotruarnHa Bupyca A/HSN1 comepkut okyc matoreHHoCcTH. Bo Bpems
NOCTTPAHCISILIMOHHOIO MPOLECCUHTIa NpeamecTBeHHUK HA mozaBepraercs npoTeonTUYECKOMY
pacmeriernto Ha ¢parmentsl HA1 u HA2 mom geiictBueM mpoTeas, CHHTE3UPYEMBIX
UHGUIMPOBaHHBIMU KieTkamu [22, 23]. [latorenHocts BI' B OCHOBHOM ONpEENsIOT M0 CaluTy
paciieruieHus. AMHMHOKHCIIOTHBIM cOCTaB caita pacmerienus HA  mramma  A/Mute
swan/Mangystau/9421/2022 coctoutr u3 mnocienoBatenbHocTH KRRKR/GLF, dro B03MOXKHO
UJCHTUYHOE MOTHBY BBICOKOINATOT€HHBIX BapuaHTOB BI' mTull, o00HapyXKEHHBIX B €BPOMEUCKUX
CTpaHax, BKimouas Benukoopuranuio B 2016-2017 rr.

Tabnuia 2 - CpaBHEHHE HYKJICOTHIHBIX IMOCIEIOBATEIBHOCTEH CErMEHTOB I'€HOMa IlITaMMa TPHIIa
A/Mute swan/Mangystau/9421/2022 (H5N1) ¢ TakoBbiMu HanOosee 0m3kumu mraMMmaMu B GenBank

Peructpanuon
WnentnyHocTs HEIii HOMED
T'en nmm Pazmep Coneprxanue Bbmxaimmin Ha YPOBHE N
CErMeHT | (HYKJICOTH]IbI) GC (%) POACTBEHHUK HYKJICOTHUJIOB Gmaxaiimero
(%) POACTBECHHHUKA
B GenBank
A/dalmatian
PB2 2,292 44.6 pelican/Astrakhan/41 99.02 OP597563.1
7-2/2021
A/Anas
platyrhynchos/Belgiu
PB1 1,489 47.7 M/10402_H195386/2 97.85 MT439902.1
017 (HIN1)
Alpelican/Dagestan/3
PA 1,194 41.8 97-1/2021(H5N5) 96.97 OP597572.1
Alchicken/Nigeria/\VV
HA 1,708 417 RD21- 98.65 MW961468.1
' 37 _21VIR2288-
2/2021(H5N1)
Alduck/Bangladesh/
NP 1,527 47.8 51601/2021(H5N1) 99.07 OP030703.1
A/goose/Chelyabinsk
NA 1,393 445 /1341-3/2021(H5N1) 98.85 0OP597622.1
Alibis/Egypt/RLQP-
M 960 50.3 2295/2022(H5N1) 99.17 0OP491852.1
A/mallard/Ukraine/A
NS 861 43.9 N-223-13- 98.72 MW856000.1
01/2020(H7N3)

st punorenernueckoro aHanu3a Obuti 0ToO0pansl mrTammel Bupyca BITTTI moaruna H5NI,
UPKYJIMPOBABIINE CPEIN JOMAITHUX U AUKUX NTUIl B EBpasuu nu Adpuke B nepuon ¢ 2020 no
2022 roxa. B ¢unorenusx ren HA Bupyca A/Mute swan/Mangystau/9421/2022 kmacrepusyercs ¢
Bupycamu noaruna HSN1, oOHapyXeHHBIMU CpeIu TOMAIIIHUX U JUKuX nTull B Poccun, Kutae n

128


https://www.ncbi.nlm.nih.gov/nucleotide/OP597563.1?report=genbank&log$=nucltop&blast_rank=3&RID=97XZ0YJS016
https://www.ncbi.nlm.nih.gov/nucleotide/MT439902.1?report=genbank&log$=nucltop&blast_rank=1&RID=9ANWTVC8013
https://www.ncbi.nlm.nih.gov/nucleotide/OP597572.1?report=genbank&log$=nucltop&blast_rank=7&RID=9APEMGYN016
https://www.ncbi.nlm.nih.gov/nucleotide/MW961468.1?report=genbank&log$=nucltop&blast_rank=4&RID=97Y5ZDWE013
https://www.ncbi.nlm.nih.gov/nucleotide/OP030703.1?report=genbank&log$=nucltop&blast_rank=9&RID=97YB4GFA016
https://www.ncbi.nlm.nih.gov/nucleotide/OP597622.1?report=genbank&log$=nucltop&blast_rank=2&RID=97YFZVWM013
https://www.ncbi.nlm.nih.gov/nucleotide/OP491852.1?report=genbank&log$=nucltop&blast_rank=4&RID=97YKD85T01N
https://www.ncbi.nlm.nih.gov/nucleotide/MW856000.1?report=genbank&log$=nucltop&blast_rank=1&RID=97YP92RX01N

MMKPOBHOJIOI'Us ’KOHE BUPYCOJIOI'UA ISSN 2304-585X Ne3 (42) 2023  www. imv-journal.kz

Wnauu, a Taxoke Ha bmkaem Boctoke u B 3anagHoit Adpuke. duiioreHeTnyeckoe AepeBo reHa
HA mnoka3zpiBaeT, 4To mITaMM K3 3TOTO MCCIIEOBAaHHUs, KaK M paHEe ONMCAHHBIE IITAMMBI U3
Kazaxcrana (Homep ccputku GISAID EPTISL 2932614) [11] u GenBank NCBI OP740959.1 [24],
NpUHAIICKUT K Kinaxy HS5 2.3.4.4b Bupycos BIII'TI (pucynok 1).

OP874615.1 A/Great White Pelican/Mauritania/11/2022(H5N1)
100%| L 0(Q632895.1 Alchicken/France/21328/2021(H5N1)
100% OP597612 1 A/lcommon teal/Chelyabinsk/1379-1/2021(H5N1)
OP597636.1 AlpelicanTumen/932-1/2021(H5N1)
LC718330.1 A/chicken/Hokkaido/TU20-2829/2022(H5N1)
—|r LC718322.1 Alchicken/AomoriTU19-107108/2022(HGN1)
Fov Loges | LC718250.1 Aljungle crowflwate/03041001/2022(HSN1)
LCT18354.1 Alemu/lwate/TU24-1920/2022(H5N1)
ONB870420.1 Alpoultry/Benin/21-A-08-009-0/2021(H5N1) 2344p

100t MW861492 1 Alchicken/NigeriaVRD21-98 21VIR2288-6/2021(H5N1)

A goose Kazakhstan 4-180-20-B-H5N8-1 2020 EPI1882525 2.3 4 4b
00%

py— OPT40959.1 A/Chicken/North Kazakhstan/HA/2020(H5N8)

oo | | OP597570.1 Alpelican/Dagestan/397-1/2021(HSNS)

100 OP597554.1 Aldalmatian pelican/Astrakhan/417-1/2021(H5N5)

0% [~ OM373310.1 Alwild duck/Shandong/VW3580/2020(H5N8)

0OQ711838.1 AMMigratory bird/India/01FE975/2021(H5NE)

& Alute swan/Mangystau/9421/2022/H5N1 ]

JN795924 Alchicken/Bangladesh/11rs1984-30/2011 2.3.4.2

— DQ371928 1 A/Anhui/1/2006(H5N1) 2.3 4
100%

DQ992755.1 Alchicken/Guivang/3055/2005(HEN1) 2.3.3

100%

HIM172105.1 A/duck/Hunan/70/2004(H5N1) 2.3.1

100%

HM172116.1 2.3.2
100% DQ095624 2 A/Chicken/Yunnan/447/06(H5N1) 2.4
CY028963.1 Alduck/Hunan/795/2002(HEN1) 2.1.1

GU186700 Alwhooper swan/Mongolia/244/2005 2.2

100% AB189061.1 Alcrow/Osaka/102/2004(H5M1) 2.5

oo

Pucynoxk 1 - ®unorenerndeckas Tononorus rena HA Bupyca rpunma A/Mute
wan/Mangystau/9421/2022 (H5N1)

C TOUYKM 3peHusi MaTOT€HHOCTH, MPEICTABIIAIOT HHTEPEC CIENYIOLIME TeHbl BUpyca TpUIINa
A u xkogupyemsie umu 0enku: HA, M2, NS1 u PB1-F2 [25].

Crniocobnocts HA pacrio3HaBaTh KJIETOYHBIE PELENTOPHI XO35IMHA CBSI3aHA CO CTPYKTYpPOM
penieniTopeBsizbiBaromero caira [26]. B 6enke HA wmccnegyemoro mraMma BBISIBJICHA 3aMEHA
AMUHOKHUCIIOTHOTO OCTAaTKa B MOJOXKEHUH 156 TpeoHWHA Ha alaHWH, KOTOPBIN MOXET MPUBOIUTH
K MTOBBIIIIEHHOMY CBSI3BIBAHHIO C PELIEITOPAMU CHAI0BO# KKCIOTHI (02,6-SA) [27].

Bupynentnocts mrammoB BI' Takke CBA3BIBAIOT ¢ OCOOCHHOCTAMHU CTpoeHus: Oenmka NS.
JIBa mpoaykTa €ro MOCTTPaHCIAIMOHHOTO pacuieruieHuss — 0enku NS1 m NS2 yugacTByroT B
PETyJSIIIMA MHOTOYHMCIICHHBIX aCMEeKTOB )KMU3HEHHOTO IMKJIa BUpPYyca TPUMIA U MOTYT BIUSATH HA
WX TMaroreHHbie cBoicTBa [28]. OOHapyKeHBl aMHHOKHCIOTHBIE 3aMeHbl B Oenke NSI
uccnenyemoro mramma A/Mute swan/Mangystau/9421/2022 — 3amena Pro Ha Ser B mosiosxeHun
42 u Val - Ha Ala B monoxenuu 149 B 6enke NS1, cBs3aHbI ¢ BUPYJIECHTHOCTHIO U TATOTE€HHOCTHIO
y wmbimed. Taxoke Obu10 oOHapykeHo, uTo MyTtanusi NSI, takas kak Pro42Ser, monmynupyer
BUPYJIEHTHOCTh BUpycoB H5N1 [29].

Wzonar A/Mute swan/Mangystau/9421/2022 copepkan 3ameny Ala na Lys B 184
noyioxxeHun Oenka NP, KoTOpwlii yBenmuyuBaeT peruiMkanuio W matoreHHocts HSNI1 [30].
BriaBienne B 0enke NP aMHHOKHCIIOTHOTO OCTaTKa Kak JeHIMH B 136 MMOI0KEHUH, H30JIEHIIMHA
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B 109 nonoxeHnu 1 BanuHa B 33 MOJI0KEHUH YKa3bIBAET HA BUPYCHI, CXOKUE C U30JIMPOBAHHBIMU
OT MTHUII, TOTJa Kak OOHapyKeHWe METHOHHMHA, BaJIMHA U U30JICULIMHA B 3TUX K€ MOJOXKEHHSIX
YKa3bIBaeT HA BUPYCHI, MOJAOOHBIC BBIICICHHBIM OT udeioBeka [31]. V uccienyemoro u3onsra
obnapyxensl Leul36, Ile109 u Val33, To ecTh aMUHOKUCIIOTHBIE OCTATKU MOAOOHBIE TITHYBHM.

Owiorenernyeckuit  ananm3  Oenxka  NA  uccmenmyemoro  Bupyca — A/Mute
swan/Mangystau/9421/2022 mokasan 6JamKHee pOACTBO C BUPYCaMU, BBIABJICHHBIME B baHriaaenn
U SlnoHuu (pUCYHOK 2).

— LC762444 1 Aleastern buzzard/Niigata/1501B001/2022 HEN1
- LCT18348.1 A/chicken/Akita/TU22-31/2022(H5N1)
LCT718236.1 Afjungle crow/lwate/03031003/2022(H5N1)
LCT718276.1 Afjungle crow/Hokkaido/0104B087/2022(H5N1)

— LCT718324.1 A/chicken/Aomori/TU19-107108/2022(H5N1)

100f%

100%

& Allute swan/Mangystau/9421/2022/H5N1 1
10be OP030704.1 Alduck/Bangladesh/51601/2021(HaN1)
~ 100% LC762442.1 Alperegrine falcon (FukuifNIES212/2022 HAN1

— OP597630.1 A/pelican/Tumen/1032-1/2021(H5N1)
0Q632866.1 AlTurkey/France/22084/2022(H5M1)
‘EE OP8T4617.1 A/Great White Pelican/Mauritania/1 1/2022(H5N1)
OP590519.1 Alduck/Egypt/BAZ03610P/2022(H5N1)
0OP597622.1 Algoose/Chelyabinsk/1341-3/2021(H5N1)
0Q632853.1 AlMule-duck/France/21343/2021(H5N1)(2)
+ 0Q632853.1 AlMule-duck/France/21343/2021(H5N1)
- MW861454 1 Alchicken/NigeriaVRD21-102 21VIR2370-424/2021(H5N1)
—— OL636394.1 Algoose/Czech Republic/18520-1/2021(H5N1)
LC762440.1 Alperegrine falcon/Kanagawa/1409C001T1/2022 H5N1

| OMOT0365.1 Alchicken/Sabah/6123/2018(H5N1)
5% | MW100228.1 Alduck/Hunan/4.12 YYGK34L3-OC/2018{H5N1)

100%%
00%

95pe

100% 100%

100%

0oz

Pucynok 2 - ®dunorenerndeckoe nepeBo rena NA A/Mute swan/Mangystau/9421/2022 (H5N1) u npyrux
BUPYCOB, LIMPKYJIUPYIOIIUX IO BCEMY MUPY

AmuHokucioTHas 3ameHa Lys389Arg B 6enke PB2 noBblmaeT noimmMepasHyro akTHBHOCTb
BI' B knerkax wmuekonutaronux [32, 33] m 3Ta 3aMeHa Oblla BBISIBIEHA B pe3yJbTaTe
CEKBEHHPOBaHMsI reHoMa uccienyemoro mramma H5N1.

AwmmuHokuciotHeie 3aMeHbl Leu89Val, Gly309Asp, Thr339Lys, Argd77Gly, Ile495Val u
Lys627Glu 6butn oTMeueHsl B u3onsite A/Mute swan/Mangystau/9421/2022. beuto onucano, 4to
9TH 3aMEHBI B TToimMepa3HoMm Oenke PB2 B couetanun ¢ u3mMeHeHUsIMU B niounentuaax M1 u
HA noBpImaroT akTUBHOCTb U BUPYJIEHTHOCTb MOJIMMEPA3bl y Mbliei [34].

BrisiBieHb! yHUKaTbHBIE 3aMEHBI aMUHOKHCIOTHBIX OCTaTKOB B HECKOJbKUX Oenkax: HA —
Asn3Lys u Ala511Ser; NA — Glu287Gly, GIn308His, Val394lle, Ala395Glu u Serd42lle; M2 —
GInl64Leu; NS1 — Ala76Thr, Ile81Asp u Val85Pro.

3akiroueHue

[IpoBeneHHbIC HUCCIIEAOBAaHUS TIOKa3aaH, 4yTo u3oiaT A/Mute swan/Mangystau/9421/2022
(H5N1) ormocutcs x BIII'TI HS5 xmama 2.3.4.4b. OmnpeneneHsl TOJHBIE HYKICOTHIHBIC
MOCIIEI0BATEIHHOCTH BCEX BOCKMHU CETMEHTOB I'€HOMA JAHHOTO ITaMMa. AHAJIU3 HYKJICOTHUTHON
nocinenoBarenbHocT reHa HA m NA Bupyca rpunma H5N1 nokasan uaentndnocts 98,65%
Alchicken/Nigeria/VVRD21-37_21VIR2288-2/2021(H5N1) u 98,85% A/goose/Chelyabinsk/1341-
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3/2021(H5N1), cooTBeTCTBEHHO. BBIsSIBICHBI 3HaUMMbIE H3MEHEHUS B TECHOME BUpYCa, TaKHE KaK
aMUHOKHCIIOTHBIE 3aMeHbl B Oenike HA Thrl156Ala (mpuBoasiye K MOBBIIIICHHOMY CBSI3BIBAHHIO
BUpyCa C perentopamu KieTok-xo3siuHa), NS Pro42Ser u Vall49Ala (Mmomymupyrommii
BHUPYJICHTHOCTH M NTaToreHHoCTh BUpycoB H5N1), NP Alal84Lys (yBeTuunBaromui periiKaIfio
Bupyca H5N1), koTopbie 00ycliOBIE€HBI MAaTOI€HHOCTHIO JAHHOTO ITaMMa. B reHome Bupyca
A/HSN1 BBISBIICH psiT MOJIEKYJISIPHBIX MAPKEPOB, CBUACTEIbCTBYIOIINX O BBICOKOM IMAaTOT€HHOCTH
mITaMMa JUIsi TTHIl OTPsAla KYPHHBIX M MIICKOMUTAIONIMX W HE OOHApYXKEHBl MYTAIlHH,
observaromyie HHGUIIUPOBAHUE JTFOJICH.
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MOLECULAR GENETIC CHARACTERISTICS OF A HIGHLY PATHOGENIC
AVIAN INFLUENZA STRAIN A/MUTE SWAN/MANGYSTAU/9421/2022 ISOLATED
FROM BIRDS WINTERING ON THE COAST OF THE CASPIAN SEA

doi: 10.53729/MV-AS.2023.03.08

Abstract
This article presents the results of a comparative molecular genetic analysis of the entire
genome of the highly pathogenic influenza A virus A/Mute swan/Mangystau/9421/2022 (H5N1).
The study was carried out on an isolate obtained from a dead mute swan (Cygnus olor) during an
outbreak of infection among waterfowl wintering on the Mangistau coast of the Caspian Sea. As
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a result of the study, this isolate was identified as a highly pathogenic strain belonging to the H5
clade 2.3.4.4b.
Keywords: avian influenza, sequencing, phylogenetic analysis, pathogenicity.

Influenza A virus, belonging to the Orthomyxoviridae family of the Alphainfluenzavirus
genus, is a single-stranded negative sense RNA virus with a segmented genome [1]. influenza A
virus (AlV) are subtyped on the base of surface glycoproteins hemagglutinin and neuraminidase.
Nineteen different hemagglutinin subtypes (H1-H19) [2] and 11 subtypes of neuraminidase (N1-
N11) [3] have been described. Each virus subtype is characterized by a specific combination of
hemagglutinin and neuraminidase that it possesses. Influenza A virus genome is composed of eight
distinct ribonucleic acid (RNA) segments. Influenza virion includes the following proteins:
hemagglutinin (HA), neuraminidase (NA), matrix (M1), proton ion channel protein (M2),
nucleoprotein (NP), polymerase basic protein 1 (PB1), polymerase basic protein 2 (PB2),
polymerase acid protein (PA) and non-structural proteins 1 (NS1) and 2 (NS2) [4]. Depending on
the virulence of Al in domestic and wild birds, it can be classified as low pathogenic avian
influenza or highly pathogenic avian influenza (HPAI) [5, 6]. The causative agents of most avian
influenza infections in domestic chickens are low pathogenic avian influenza strains that cause a
mild form of the disease along with respiratory, intestinal, or reproductive signs. HPAI cause
severe disease in birds and lead to high mortality. HPAI continue to circulate in the avifauna and
occasionally affect domestic fowls [7].

Until now, outbreaks of HPAI in poultry have been caused by H5 or H7 strains, which,
however, have rarely been detected in wild bird populations. Despite this, in recent years, highly
virulent Al H5N1 strains have emerged, which have shown the ability to infect both domestic and
many wild bird species [8, 9] and the risk for reassortment of avian and human strains increases.
As in 2005 H5N1 viruses have infected 112 human cases in East Asia resulting in 57 deaths. Most
of these human cases resulted from direct contact with infected poultry or poultry droppings [10].
During autumn 2020, in many places in Kazakhstan die-offs started by avian influenza in wild
wetland birds which had been migrating southwards, soon, death began in poultry . During the
H5N8 outbreaks the total loss of poultry was 2 million at the end of 2020 [11].

The aim of this study: molecular genetic characterization of the pathogenicity of the A/Mute
swan/Mangystau/9421/2022 (H5N1) influenza virus strain isolated from a dead mute swan
(Cygnus olor) during an outbreak of infection among waterfowl wintering on the Mangystau coast
of the Caspian Sea.

Materials and methods of research

Collection of clinical specimens. Tracheal and cloacal swabs of dead birds were taken in
compliance with certified methods recommended by WHO and the International Epizootic Bureau
[12, 13]. The swabs were taken with a sterile cotton swab with a plastic handle, placed in vials
with a virus transport medium containing a complex of antibiotics (penicillin 2000 U/ml,
streptomycin 2 mg/ml, gentamicin 50 pug/ml, nystatin 50 U/ml) and bovine serum albumin in final
concentration 0.5%. Samples were stored in liquid nitrogen (-196°C) prior to testing.

Virus isolation. Virus isolation was carried out by inoculation of a PCR-positive sample into
the allantoic cavity of three 10-11-day-old chicken embryos and subsequent incubation at +37°C
for 48 hours [14]. The virus was detected during the initial infection and cloning was carried out
with the limiting dilution of 107, 10 and 107°. To study the virus, a 10 dilution with a titer of
1:512 was used. Isolation of RNA from swabs was performed using the Ql1Aamp Viral RNA Mini
Kit (Qiagen GmbH, Hilden), according to the manufacturer's recommendations from 140 pl of
swab.

Reverse transcription and multiplex PCR (RT-PCR). Screening of RNA samples for
belonging to influenza A virus in the RT-PCR multiplex was carried out simultaneously in a one-
step reaction with the OneTaq® One-Step RT-PCR Kit (New England Biolabs, Ipswich, MA) with
primers for the M, H5 and N1 genes of the influenza virus A [15]. To control the specificity of the
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PCR multiplex, we used the influenza virus A/mute swan/Aktau/1460/06 (H5N1) isolated and
identified in the Laboratory of Virus Ecology at the Research and Production Center for
Microbiology and Virology. When preparing the reaction mixture, primers for the M gene, genes
for hemagglutinin H5 and NA N1 were used.

Table 1 - List of primers for whole AlV genome sequencing

Ne | Gene name Primer name: 3' forward Primer name: 5' reverse Expected
(length) nucleotide sequence nucleotide sequence product
length
1 | PB2(2341) PB2 F1: AGC AAA AGC AGG PB2 R 1032: CTY GTTCTT 1032
TCA[16] TTG AAAGTG AA[16]
PB2 F781: GAG AAATGA PB2 R 1734: GGR TCT TGT 953
TGA TGT TGA CCA [16] GAC CAT TGA AT [16]
PB2 F 1625: TCG TCATCA R5 REV: TAATAC GAC TCA 718
ATG ATG TGG GA [16] CTATAA GTA[16]
2 | PB1(2341) | Bm-PB1-1: TAT TCG TCT CAG | PB1-1262R: TTR AAC ATG 1262
GGA GCG AAAGCAGGCA CCC ATC ATC AT [17]
[16]
PB2-1124F: ARA TAC CNG Bm-PB1-2341R: ATATCG 1217
CAG ARATGC T [17] TCT CGT ATT AGT AGA
AAC AAG GCATTT [16]
3 | PA(2233) Bm-PA-1: TAT TCG TCT CAG PA-1498R: TNG TYC TRC 1498
GGA GCG AAA GCA GGT AC AYTTGC TTATCAT [17]
[16]
PA-747F: CAT TGA GGG CAA | Bm-PA-2233R: ATATCG TCT 1486
GCT TTC [17] CGT ATT AGT AGA AAC
AAG GTA CTT [16]
4 | HA(1778) | SZAHAF: CTC GAG AGC AAA SZAHAR: AGT AGA AAC 1778
AGC AGG GG [16] AAG GGT GTT TTT [16]
5 NP (1565) | SZANPF: CTC GAG AGC AAA | E001 NP-734R: ATT TTC CCT 734
AGC AGG GT [18] TTG AGG ATGTTG CAC
ATT C [17]
EO003 NP-517F: GGA ATG GAY SZANPR: AGT AGA AAC 1048
CCCAGGATGTGCTC[17] AAG GGT ATT TTT C[18]
6 | NA(1413) | SZANAF: AGC AAA AGC AGG SZANAR: AGT AGA AAC 1413
AGT TTA AAA TG [18] AAG GAG TTT TTT [16]
7 M (1027) SZAMF: CTC GAG CAA AAG SZAMR: AGC AAA AGC 1027
CAG GTA GAT [18] AGG GTG ACA AA[18]
8 NS (890) SZANSF: AGC AAA AGC AGG SZANSR: ATG AGA AAC 890
GTG ACA AA[18] AAG GGT GTTTTT T [18]

Genome sequencing. For amplification of the entire influenza A genome, 13 pairs of primers
were used [16-18] (table 1). All eight gene segments were amplified with 2-3 overlapping PCR
products to ensure sequence quality from both directions. RT-PCR was performed using the
OneTag One-Step RT-PCR Kit (NEB, USA) according to the manufacturer's protocol.
Amplification was carried out under the following parameters: reverse transcription at 48°C for
45 min, initial 2 min denaturation at 95°C and amplification for 40 cycles, including denaturation
(94°C, 30 sec), primer annealing (56°C, 20 sec) and chain elongation (72°C, 2 min) followed by
final elongation at 72°C, 10 min. PCR products were separated by electrophoresis in 1.5% agarose
gels. RT-PCR products were excised from the gel and purified using the QIAquick PCR
Purification Kit (Qiagen, USA). DNA sequencing was performed on purified PCR products using
the BigDye Terminator v3.1 sequencing kit (ABI, Foster City, CA) on an ABI 3500 Genetic
Analyzer (Applied Biosystems, Life Technologies, CA, USA). Sequencing of each PCR product
was performed on both sides. Most of the sequences contain unique peaks with quality values
above 40. The obtained sequences were matched with other strains of the H5 avian influenza virus
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from GenBank (Clustal W algorithm) and phylogenetic trees were built using the neighbor joining
method and the Tamura-Nei model algorithm [19] with software MEGA 7.0 [20].

Results and discussion

Biological samples in the form of tracheal and cloacal swabs collected eleven dead birds:
ten mute swan (Cygnus olor) and one whooper swan (Cygnus cygnus) wintering on Lake Karakol
(Karagye-Karakol State Reserve 43°63'18“N 51°19'3“E) in the Mangistau coast of the Caspian
Sea in December 2022,

PCR screening of biomaterials from swan carcasses detected fragments of M-gene of
influenza A virus in 17 samples (8 tracheal, 9 cloacal). The HA and NA genes in the positive
samples were amplified using primers specific for the H5 and N1 subtypes.

The influenza A virus strain A/Mute swan/Mangystau/9421/2022 (H5N1) was isolated from
the cloacal swabs of a dead mute swan on 10-11 day-old chicken embryos.

Whole genome sequencing and BLASTn analyzes showed significant genetic similarity of
the A/Mute swan/Mangystau/9421/2022 influenza virus strain for all eight genes with highly
pathogenic epizootic influenza virus variants isolated from domestic and wild birds in the Eastern
Europe and Africa (table 2) [21]. As can be seen from Table 1, the donors of six of the eight genes
of the studied strain were highly pathogenic variants of the H5N1 influenza virus.

The A/H5NL1 virus HA molecule contains the pathogenicity locus. During post-translational
processing, the hemagglutinin precursor undergoes proteolytic cleavage into HA1 and HA2
fragments under the action of proteases synthesized by infected cells [22, 23]. The pathogenicity
of AIV is mainly determined by the cleavage site. The amino acid composition of the HA cleavage
site of strain A/Mute swan/Mangystau/9421/2022 consists of the KRRKR/GLF sequence, which
is possibly identical to the motif of HPAI virus variants found in European countries, including
the UK in 2016-2017.

Table 2 - Comparison of the nucleotide sequences of the genome segments of the influenza strain A/Mute

swan/Mangystau/9421/2022 (H5N1) with those of the closest strains in GenBank
. GC Identity at Genl_3ank
Gene or Size . . accession no.
i content Closest relative nucleotide
segment | (nucleotides) (%) level (%) for closest
0 0 relative
A/dalmatian
PB2 2,292 4.6 pelican/Astrakhan/417-2/2021 99.02 OPS97563.1
AJ/Anas
PB1 1,489 47.7 platyrhynchos/Belgium/10402_H 97.85 MT439902.1
195386/2017 (H1N1)
Al/pelican/Dagestan/397-
PA 1,194 41.8 1/2021(H5N5) 96.97 OP597572.1
Alchicken/Nigeria/\VRD21-
HA 1,708 41.7 37 21VIR2288-2/2021(H5N1) 98.65 MW961468.1
NP 1,527 g | N d“"k/Bangl'j‘glfflh)/ 51601/2021( | 9947 | OP030703.1
A/goose/Chelyabinsk/1341-
NA 1,393 445 3/2021(H5N1) 98.85 OP597622.1
Alibis/Egypt/RLQP-
M 960 50.3 2295/2022(H5N1) 99.17 OP491852.1
A/mallard/Ukraine/AN-223-13-
NS 861 43.9 01/2020(H7N3) 98.72 MW856000.1

For phylogenetic analysis, HPAI virus strains of the H5N1 subtype were selected that
circulated among domestic and wild birds in Eurasia and Africa in the period from 2020 to 2022.
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In phylogenies, the HA gene of the A/Mute swan/Mangystau/9421/2022 virus clustered with
viruses of the H5N1 subtype found in poultry and wild birds in Russia, China, and India, as well
as in the Middle East and West Africa. The phylogenetic tree of the HA gene shows that the strain
from this study, like the previously described strains from Kazakhstan (reference number GISAID
EPIISL 2932614) [11] and GenBank NCBI OP740959.1 [24], belongs to the H5 clade 2.3.4.4b of
HPAI viruses (Fig. 1).

OP874615.1 A/Great White Pelican/Mauritania/11/2022(HSN1)
100%| L 0Q632895.1 Alchicken/France/21328/2021(HEN1)
100% |- OP587612 1 Alcommion teal/Chelyabinsk/1379-1/2021(H5N1)
OP597636.1 A/pelican/Tumen/932-1/2021(H5N1)
LC718330.1 Alchicken/Hokkaido/TU20-2828/2022(H5N1)
—|[ LCT18322.1 Alchicken/Aomori/TU19-107108/2022(H3N1)
ot hogs, | LC718250.1 Afungle crow/lwale/03041001/2022(H5N1)
LCT718354.1 Alemu/lwate/TU24-1920/2022(H5N1)
ONB70420 1 Alpoultry/Benin/21-A-08-008-0/2021(H5N1) 23.4.4p

MW961492.1 Alchicken/Nigenia/VRD21-98 21VIR2288-6/2021(HaN1)

A goose Kazakhstan 4-190-20-B-H5N8-1 2020 EPI1882525 2.3.4.4b

0% OPT740859.1 A/Chicken/North Kazakhstan/HA/2020(H5N8)
OP597570.1 A/pelican/Dagestan/397-1/2021(H5NS)
OP597554.1 Aldalmatian pelican/Astrakhan/417-1/2021(H5NS)
OM373310.1 Aiwild duck/Shandong/\W3580/2020(H5N8)

0Q711838.1 AMigratory bird/India/01FES75/2021(HaN8)

& Alute swan/Mangystaw/9421/2022/H5NA ]

JN795924 Alchicken/Bangladesh/11rs1984-30/2011 2.3 4.2

DQ371928.1 A/Anhui/1/2005(H5N1) 2.3.4
100%
—— DQ892755.1 Alchicken/Guiyang/3055/2005(HEN1) 2.3.3
100%
HM172106.1 A/duck/Hunan/70/2004(H5N1) 2.3.1

W% | 0o Tppi72116.1 232

100% DQ095624.2 A/Chicken/Yunnan/447/05(H5N1) 2.4

CY028963.1 A/duck/Hunan/795/2002{(H5N1) 2.1.1
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Figure 1 - Phylogenetic topology of the HA gene of influenza virus A/Mute swan/Mangystau/9421/2022
(H5N1)

From the point of view of pathogenicity, the following influenza A virus genes and the
proteins encoded by them are of interest: HA, M2, NS1, and PB1-F2 [25].

The ability of HA to recognize host cell receptors is related to the structure of the receptor-
binding site [26]. In the HA protein of the studied strain, a replacement of the amino acid residue
at position 156 of Thr with Ala was revealed, which might lead to increased binding to sialic acid
receptors (a2,6-SA) [27].

The virulence of strains of influenza viruses is also associated with structural features of the
NS protein. Two products of its post-translational cleavage, NS1 and NS2 proteins, are involved
in the regulation of numerous aspects of the influenza virus life cycle and may affect their
pathogenic properties [28]. Amino acid substitutions were found in the NS1 protein of the studied
strain A/Mute swan/Mangystau/9421/2022 - the substitution of Pro for Ser at position 42 and Val
for Ala at position 149 in the NS1 protein are associated with virulence and pathogenicity in mice.
An NS1 mutation such as Pro42Ser has also been found to modulate the virulence of H5N1 viruses
[29].

The A/Mute swan/Mangystau/9421/2022 isolate contained a substitution of Ala for Lys at
position 184 of the NP protein, which increases the replication and pathogenicity of H5SN1 [30].
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The detection of amino acid residues in the NP protein as Leu at position 136, isoleucine at position
109, and Val at position 33 indicate avian-like viruses, while the detection of Met, Val, and lle at
the same positions indicate human-like viruses [31]. The studied isolate contained Leul36, 11e109
and Val33, i.e. amino acid residues similar to those of birds.

Phylogenetic analysis of the NA protein of the studied strain A/Mute
swan/Mangystau/9421/2022 displayed a close relationship with the viruses identified in
Bangladesh and Japan (Figure 2).

— LC762444 1 Aleastern buzzard/Niigata/1501B001/2022 H5N1
— LC718348.1 Alchicken/Akita/TU22-31/2022(H5N1)
LCT718236.1 Afjungle crow/lwate/03031003/2022(H5N1)
LC718276.1 Afjungle crow/Hokkaido/0104B087/2022(H5N1)

— LC718324.1 Alchicken/Aomori/TU19-107108/2022(H5N1)
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100%
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002

Figure 2 - Phylogenetic tree of the NA gene of A/Mute swan/Mangystau/9421/2022 (H5N1) and other
viruses circulating around the world.

The amino acid substitution Lys389Arg in the PB2 protein increases the polymerase activity
in mammalian cells [32, 33], and this substitution was revealed as a result of genome sequencing
of the studied H5N1 strain.

Amino acid substitutions for Leu89Val, Gly309Asp, Thr339Lys, Argd77Gly, 1le495Val,
and Lys627Glu were noted in the A/Mute swan/Mangystau/9421/2022 isolate. These substitutions
in PB2, combined with changes in M1 and HA proteins, have been described to increase
polymerase activity and virulence in mice [34].

Unique substitutions of amino acid residues in several proteins have been identified: HA -
Asn3Lys and Ala511Ser; NA, Glu287Gly, GIn308His, VVal394lle, Ala395Glu, and Ser442lle; M2
- GInl64Leu; NS1 - Ala76Thr, 1le81Asp and Val85Pro.

Conclusion

The studies demonstrated that the isolate, A/Mute swan/Mangystau/9421/2022 (H5N1)
belongs to HPAI H5 clade 2.3.4.4b. The complete nucleotide sequences of all eight segments of
the genome of this strain were determined. Analysis of the nucleotide sequence of the HA and NA
gene of the H5N1 influenza virus showed the identity of 98.65% A/chicken/Nigeria/VRD21-
37_21VIR2288-2/2021(H5N1) and  98.85%  A/goose/Chelyabinsk/1341-3/2021(H5N1)
respectively. Significant changes in the virus genome have been identified, such as amino acid
substitutions in the HA Thrl56Ala protein (resulting in increased virus binding to host cell
receptors), NS Pro42Ser and Vall149Ala (modulating the virulence and pathogenicity of H5N1
viruses), NP Alal84Lys (increasing H5N1 virus replication), which are due to the pathogenicity
of this strain. A number of molecular markers have been identified in the A/H5N1 virus genome,
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indicating a high pathogenicity of the strain for birds of the order chickens and mammals, and no
mutations facilitating human infection have been detected.
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