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AHHoOTaNUSA

Pecriuparopuble BUpycHble WH(EKIHMH, SBISSICH HauOolee paclpoOCTPAaHEHHBIMH CPEId BCeX
3a00neBaHUil 4YenmoBeKa, HAHOCAT OTPOMHBIA YIIepO 3M0pOBBIO JIOAEeH M IKOHOMHKE. COIUPKYIISIIHS
pa3HBIX BUPYCOB M BAPHATHBHOCTh UX COOTHOIICHUS OT CE30HA K CE30HY OCIOXKHSIET MOJI00p CPEICTB JUIst
poMIaKTHUKH U edeHus1. Kpome Toro, acto nMeer MecTo HH(UITMPOBAHIE BUPYCAMH C YCTOWYHUBOCTHIO
K cnenuduueckuM npernapaTtam. [1podsaeMa pe3uCTeHTHOCTH WH(PEKIIMOHHBIX areHTOB K JISKApPCTBEHHBIM
CpeICTBaM Ha CETONHSIIHUMN JIEHb SBJSIETCS OMHOM M3 TVIABHBIX 3a/1a4, CTOSIIUX Tepe OMOIOrHIeCKUMU
Y MEIUIIMHCKAMHU HayKaMu. JIekapcTBeHHasi yCTOWYMBOCTh BUPYCOB SABIISIETCS PE3YyIbTaTOM H3MEHEHUN
WX HACJIEICTBEHHBIX CBOWCTB W HEPENKO CBS3aHA C W30BITOYHBIM WCIOJIH30BAHHEM MPENapaToB.
BeposaTHOCTh TOSIBIIEHHS! YCTOWYHMBBIX K IIperaparaM INTaMMOB BHPYCOB HapacTaeT C YBEIWYEHHEM
MIPOAOJDKUATENIFHOCTH JISUEHHs] B KIMHHUYECKoW mpakTtuke. Hapsmy c atum, 6omee 30% pe3ncTEeHTHBIX
ITAMMOB OOHAPY>KUBAaeTcsl y OOJNBHBIX, HUKOT/Ia HEe IPHHUMABIIHIX 3THOTPOIHBIE penapathl. [ToaTomy
BaXXHO BBIIBUTH COOTHOIIEHHWE YYBCTBUTENBHBIX W YCTOHYMBBIX INTAMMOB B TOMYJSIIUU, H3YIHUThH
MEeXaHHU3Mbl BOSHUKHOBEHHUS YCTOHYHBOCTH M BO3MOXKHBIE CIIOCOOBI €€ mpeomonieHusi. Bupyce rpuma,
n3onupoBanHble B Kazaxcrane ¢ 2015 r., mpoOSBISIOT YyBCTBHTENBHOCTh K IIpemaparaM Ha OCHOBE
03eITbTaMUBHUPA M IIUPOKUI CIIEKTP BOCIPUUMYMBOCTH K TpenaparaM aJaMaHTaHOBOTO psana. M3ydenue
YyBCTBUTENFHOCTH a0OpPUTEHHBIX BHPYCOB K TPOTHBOBHPYCHBIM TIpenapartaM IPeIoCTaBIIIET
nHpopMaruio s (HOPMUPOBAHUS PEKOMEHIAINI IO HCIIONB30BAHUIO JIEKAPCTBEHHBIX CPENCTB IS
JiedeHNs ¥ IPOPIIAKTUKHA TPUITIO3HOW HH(EKITNH y HaceleHws. ParmonanbHOe NCTIONh30BaHHE H TTOJ00D
JIEKAPCTBEHHBIX CPEICTB MOXET IO3BOJIUTH CHU3UTH SKOHOMHYECKHE TOTEPH, CBA3aHHBIE C BPEMEHHOMN
HETPYIOCIIOCOOHOCTHIO YaCTH HACETICHHSI B SMUICMUYSCKHHA TTEPHOI.

KuroueBrble ciioBa: JIEKapCTBEHHAS PE3UCTEHTHOCTh, PECTUPATOPHBIE BUPYCHI, TPOTHBOBUPYCHEIE
mperapaTsl.

Octpsle pecnupaTopHble BUpycHble MH(pekuuu (OPBUM), k uucily KOTOpBIX OTHOCSTCA
IpUII M KOPOHABUPYC, SBIISAIOTCA CaMbIMH MAacCOBBIMU IOBTOPSIIOIIMMUCS HH(EKIUAMU
YeJI0BEUEeCTBA U MPEICTABIIAIOT CEPbE3HYIO TPOOIIeMY Ul 00IIECTBEHHOTO 31jpaBooxpanenus. [1o
COLIMANIBHOM 3HAYMMOCTH, OTPOMHOMY YIIepOy HAaHOCHUMOMY 3/I0POBbIO HAaCEJIEHUs U SKOHOMUKE,
OPBMU naxonsaTcs Ha MEPBOM MECTE Cpeiu Bcex 3a0oeBanuii yenoseka [ 1, 2]. Ha moro ce30HHBIX
OPBU mnpuxoaurcs 10-30% BpemeHHON HeTpynocnocobHocTu HaceneHus. O6bruno OPBU
coctaBisoT 10 40% Beex 3a0oseBaHMi B3pocibIX, Oosiee 80% Bcel MH(PEKIIMOHHON MaTOIOTHH,
6onee 60% 3aboneBanuii cpeau nerei. ExxeroiHo ce30HHbIE SMMIEMHUH PUBOJIAT IPUMEPHO K 3—
5 MUJUTMOHAM ClTy4yaeB TsDKeJIod 0osie3Hu u npuMepHo k 250500 Teicsiuam ciyyaeB cmepTH [3].
B pesynbrare nocnenneit nanaemun 2019-2022 rr., BeI3BaHHO#M KOopoHaBupycom SARS-CoV-2,
3abosienu 6osiee 638 MITH. YenoBek, ymepiu 6,62 miH. [4].
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B pesynpraTe MaccoBbIX IPOTHUBOIMUIEMUYECKHX MEPOIPHUATUNA B MOCIEAHHE TPU roja
CHHM3MJIACh 3a0071eBaeMOCTh Irpunmom u apyrumu OPBU, HO Tem He MeHee HUKOT/Aa He Majaia 10
Hynsi. B nocneaHee BpeMsi HaOMIOAeTCsl COLMPKYIALMS Pa3sHBIX PECIMPATOPHBIX BUPYCOB U
ATHOJIOTUYECKas pacmu(poBKa AMUAEMHUYECKOTO TMpOLecca BapbUpyeT U3 roja B rox [5], uTto
OCJIOXKHSIET AMUIEMHUYECKYIO CUTYaIMIO U, COOTBETCTBEHHO, O00P CPEACTB ISl PO PHIAKTHKI
u nedeHus [6, 7, 8]. OcoOyroo cloXHOCTH co3maeT (akT OBICTPOH ajganTanuud BHPYCOB K
MCTIOJB3yEeMBIM XUMHUOTIpEnapaTaM ¢ (pOpMHUPOBAHHEM YaCTUIHOM MIIA TIOJTHON PE3UCTEHTHOCTH.

D¢ dextuBHas crpateruss mo OoppOe € pecnMpaTOpHBIMHA BHPYCAMH HPEAIOJIaraet
MIPUMEHEHHE ATUOTPOITHBIX XMMHUOIIPENApaTOB, OKA3bIBAIOLIUX HENOCPEACTBEHHOE BO3/ICHCTBUE
Ha crienu(UUECKyI0 MUIICHb — BUPYCHBIN O€JIOK, y9acTBYIOUIMH B nuKie peruukanmd [9, 10].

Haubosiee pacmpocTpaHeHHbIE Ha CETOAHSNIHUN JIeHh Ha OTEYECTBEHHOM pBIHKE
STUOTPOIIHBIE MTPenapaThl MPOTUB I'PUIITNIA MPEACTABIEHBI YETHIPbMS TPYIIIaMU:

—0J0KaTOpBl MOHHOTO KaHana (aaMaHTaHbl, pEMaHTaI1H);

—cneunduueckuil manepox remarrmoruaria (HA) (ap6unon);

—MHruouTOpH! HelipamuHuaasel (NA) (Tamuduio (03e1bTaMUBHP), pEIeH3a, IEPAMUBUD);

—uHrubuTopsl NP-6enka (MHraBUpUH).

OTUOTPONHBIE XUMHUOIIpENapaThl MPOTUB KOPOHABUPYCa B HACTOSIIMI MOMEHT HaXoJAATCs
Ha CTaguu pa3pabOTKu W wucHbITaHuid [11], 5eyeHWe OCymecTBISeTCsT B OCHOBHOM
CUMIITOMaTHYECKOE M TpenoTBpaiaromiee ocaoxxkuenus [12]. PexkomengoBanusiii B 2020 1. m1s
neyenuss COVID-19 B CIIIA YnpasiieHHEM MO CaHUTapHOMY HAJ30py 34 Ka4ECTBOM IHUIIEBBIX
npoaykToB u MenukameHToB (U.S. Food and Drug Administration) [13] mpenapart «PemaecuBup»,
unrudupyrounmiit PHK-3aBucumyro PHK-nonumepasy Bupyca [14, 15], BeI3pIBaeT elie MHOXKECTBO
coMHEHHUH u He pekoMmeHaoBadH BO3 [16].

[Ipo6nema Tepanuu pecupaTOPHBIX BUPYCHBIX MH(EKLIUI Ha CErOJHSIIHUMN AeHb Jajeka
OT pelIeHHs], TOCKOJbKY 4acTO UMEET MECTO MH(PHIMPOBAHUE BUPYCaMU C YCTOMUMBOCTBIO K
cneunpuyeckuM npenapartam. JIekapcTBeHHast yCTOWYMBOCTb SBISIETCS PE3YJIbTATOM U3MEHEHUIN
HaCJIeICTBEHHBIX CBOIMCTB BUPYCOB U pPa3BUBAETCS P MHOTOKPATHOM IPUMEHEHUU MPENapaToB
[17, 18]. Pe3ucteHTHOCTH OOYCIOBICHA MYTAlIUSIMU B TOM BHPYCHOM OCIIKE, KOTOPBIN SIBIIACTCS
MHUIIEHBIO AeUCTBUS A1 penapara [19, 20].

Tak, BI' A(HIN1)pdm09, Bei3BaBmmii nepByro nanaeMuro X XI Beka, W3Ha4aIbHO OKa3aJIcs
PE3UCTEHTHBIM K IpernapaTaM aJaMaHTaHOBOTO PsAJa, HO YYBCTBUTENIHBIM K MHruoutropam NA
BUpYcOB rpummna. OJHaKO aKTUBHOE UCII0JIb30BAaHUE 03€IbTaMUBHUPA IIPUBEIIO K HOSBICHUIO yXkKe
B anpene 2009 r. HECKOJIbKUX PE3UCTEHTHBIX MYTAHTOB B MOMYJISALMM HOBOTO MAaHAEMUYECKOTO
mTaMMa.  OTO  ONpEeNeNuiI0  aKTyaJbHOCTh  PACHIMPEHHs] MOHHUTOPUHIA BO3HHUKHOBEHMS
YCTOMUUBBIX BapUaHTOB NPHU JalIbHEHIIEM UPOKOM HNPUMEHEHHMHU Ipenaparta, 0cOOEHHO Ipu
JICYEHUU JIETKUX (OPM U MpoduiiakTUKe 3a00JieBaHUs. Y CTOMUMBOCTD K 03€IbTaMUBHPY B 63%
CllyyaeB CBsi3aHa C TepaleBTUYECKUM U MPOQUIAKTUYECKHM MCIIOJIb30BaHUEM npenapata, 37%
PE3UCTEHTHBIX IITaMMa OOHAapyXeHbl Yy TAalMEeHTOB, KOTOpble paHee He NPUHUMAIH
creur(puyeckue NpOTUBOBUPYCHBIE MpenapaThl, YTO MOXKHO OOBSICHUTH Iepeiauell yCTOMUMBBIX
LITaAMMOB OT Y€JIOBEKA K 4enoBeKy [21].

PesucrentHocts BI' k mpemnaparam agamaHTaHoOBOro psafa aocturaer 90% B HEKOTOPBIX
cTpanax, Hampumep, B CIIIA [22] oOycrnoBieHa MyTalsiMu B mosioskeHusx 26, 27, 30, 34 M2
6enxa [23]. YcranoBneHo, yro 3ameHsl V28L u S31N B cTpyKkType 3TOro 06eika COBPEMEHHBIX
MaHJAEMHUYECKUX BUPYCOB CTPOTO acCOLMMPOBAHBI C PE3UCTEHTHOCTHIO K IPOTHUBOBUPYCHBIM
IpenapaTam aJlaMaHTaHOBOTO psiza [24, 25].

[Ipo6nema xuMuope3ncTeHTHOCTH Kacaetcs U NA-uHruoutopos [26]. C 1999 r., korzia oM
MOSIBUJIMCHh HA PBIHKE, U BIUIOTH /10 Havajia ce3oHa 2007-2008 rr. moaasistomiee OOJBIIMHCTBO
LUPKYJIUPYIOLIUX BUPYCOB TPUINA COXPAHSJIO YYBCTBUTEIBHOCTH K 3TUM IIpenaparam, a
PE3UCTEHTHBIE IITaMMBbl BCTpeYajuCch He Oojee yeM B 6% ciyuaeB. OpHako B TeueHHE
crenyromux 1-2 neT Ao yCTOMYMBBIX BO30yauTenei pesko Bo3pocna [27]. Tak, B SAnonun oHa
k 2008-2009 rr. yBemuumnack npaktudecku 10 100%. B cezone 2012-2013 rr., He0oJHOKpATHO
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MOSIBISUTMCH COOOIIEHHs O BbIsBIeHUH Y 00ibHBIX mTamMMoB A (HIN1)pdm09, ycroituuBeix k
o3enbTamMuBupy [28]. B psne cinyyaeB ycTOMYMBBIE IITAMMBbI BBISBISUIMCH Y JIML, HE
MOJIBEPraBIINXCA JIedeHUI0 NA-MHMHOUTOpaMHU, YTO SIBJISIETCS JO0Ka3aTeNbCTBOM LUPKYISALUU
PE3UCTEHTHBIX LITAMMOB CPE/IU HACEJICHUS.

Pe3ucTeHTHOCTH K mpenapaTaM CHEU(HUYECKOrO JeWCTBUS O0OYCIOBICHA MYTallUsIMH B
reHax, KOAUPYIOIUX uX Oenku-muiieHd. K HacTosieMy BpeMEHU yYEHbIMM BO BCEM MHpE
BBISIBJICH Psii Takux MyTanmii B reHome BI. Tak, ycTOWYMBOCTh K TaMU(IIO Cpely MITAMMOB
A/HINI1 u A/H2N2 BeisiBacHa 3a cueT aktuBHOTO caiita R292K u E119G NA [29]. 3amena H275Y
B IOBEpXHOCTHOM riukonporense NA Bupyca rpumma OTBEYaeT 3a YCTOWYUBOCTb K
ozenbramuBupy [30]. B Hunepnannax Obut M30JupoBaH MaHAEMUYECKUN ITAMM BUpYyca TpUIIa
A(HIN1)pdm09 ¢ myramnueii 1223R B NA, BbI3BaBIIeH CHM)KCHHUE YYBCTBHTEIBHOCTH KO BCEM
cyuiecTByomuM uaruouropam NA Bupycos rpunna. Coobmanock o mrammax A(HIN1)pdmO09,
BbIsiBJIEHHBIX B Cunramype u ABctpaiuu B 10 u 30% ciaydyaeB COOTBETCTBEHHO, C MyTalllel
S247N B Oenke NA, KOoTOpas NpuBEIa K CHIKEHHIO YYBCTBUTEIIBHOCTH BHPYCOB K
o3enbTaMUBUpY U 3aHamuBupy [31]. Ycroituussie k o3enbTamuBupy Bupychl A(HIN1)pdmO09 c
H275Y -myrarnueii 6butn n3ommpoBansl oT nanueHToB B KOxHoM Kopee [32-35]. Bruto Beickazano
MIPENOJIOKEHNE O CYIIECTBOBAaHUHU JABYX conmyTcTByromux H275Y-myranuu 3amen B Oenke NA
ce3oHHbIXx mTamMmoB A(HINI) — V234M u R222Q, noanepX uBaroluX BUPYCHYIO
KU3HECIIOCOOHOCTh U o0ecneunBaroux cTabuibHyto padoty NA. M3ydueHrne Ha MOETH XOpbKa
napbl YCTOMYMBOTO M UYYBCTBUTENBHOTO K o3eibTamuBupy mrtammoB BI' A(HIN1) pdm09
mokazano paziauure B 275-M monoxkeHun Oenka NA [36]. IlepBbrit ciyuail W30as1IMA
PE3UCTEHTHOTO K 3TOMY Ipenapaty mramma Bl tuna B ¢ myranumeinn R152K B NA onucan B 1998
r. [37]. B 2007—2008 rr. B Mpsame Oblmn o6Hapyxkensl BI' A(H3N2) (< 1,5% wuzyueHHBIX
cinydaeB) ¢ mytarusamu Q136K u S31N B 6enkax NA u M2 cooTBETCTBEHHO, KOTOPBIEC 001a1au
MOHM)KEHHOW YYBCTBUTEJIBHOCTHIO KaK K 3aHAMHUBHUPY, TaK U K peMaHTaauHy [38].

MonexynsipHO-3I1IEMUOJIOTHYECKHE TaHHBIE MHOTMX MCCIIE0BAaHUM MOATBEPKIAIOT, YTO
H275Y-myranust vacto ObIBaeT BbI3BaHA CEJIEKTUBHBIM OTOOpPOM TIOJ] BO3JIEHCTBHEM
cnernuduueckoro gedenus [39]. Taxxe B FOxnHoit Kopee B NA Bupyca rpunmna A(HINT)pdm09,
M30JIMPOBAHHOTO OT MAalMEHTa, IPUHUMABLIETO 03€JIbTAMUBUP U NIEpaMUBHp, ObL1a OOHapyKeHa
1117M-myTanus, KoTtopass MOXKET OBbITh CBSI3aHA C TIOHIKCHHONW UYYBCTBHTEIBHOCTBIO K
o3enbTamuBHpy [40].

®opmupoBanue ycroiiunBoctu BI' k mpenapatam mpuBoauT Kk mpoliieme, Korzpa Habop
CYIIECTBYIOIMX MPOTUBOBUPYCHBIX CPEICTB OKa3blBaeTcsl Manod(h¢ekTUBHBIM. Bceneacraue
3TOr0 B KJIMHUYECKOH INpakTHKE YBEIUYMBAETCS MPOJOJIKUTENBHOCTh JIEYEHHUS, YTO, BCBOIO
ouepellb, CHOCOOCTBYET CENEKLUM YCTOMYMBBIX K IpernaparaM IITaMMOB M BEPOATHOCTb MX
nosiBiieHUs: HapactaeT. [lo3ToMy KpaiiHe BaKHO MMETh HE TOJBKO KaK MOXHO 0oJiee IHUPOKUN
CIEKTP MIPOTUBOI'PUIIIIO3HBIX IPENApaTOB C Pa3IMUYHBIM MEXaHU3MOM JICHCTBHSI, HO TAKXKe MTOHSATh
MEXaHU3Mbl BO3HUKHOBEHUS YCTOMYMBOCTH U BO3MOXKHbIE CLIOCOOBI €€ MPEe0J0ICHHUS.

PaGotel 1o wu3yueHuro yctoWuuBocth BI' Kk XumumompenaparaM U INpUYMH €€
(opMUpOBaHUs BEAYTCS BO MHOI'MX MCCJIEI0BATEIbCKUX LIEHTpax BO BceM mupe. B cBs3u ¢
BBICOKOM MYTallMOHHOM H3MEeHYMBOCThIO BI', nupkynupyronme B pa3IMyHbIX PErHOHAX U B
pa3Hoe BpeMs, MOTYT CYIIECTBEHHO pa3iuyarbes. [103ToMy pekoMeHanuu mno npouiakTuke,
JICYEHUIO U BaKLMHAIMK, pa3paboTaHHbIE 3a pyOeKOM, 4acTO OKa3bIBAIOTCS HEAKTYaJIbHBIMU
JUIsL OTEYECTBEHHOTO 3/IPaBOOXPAHEHMS.

[lomyueHHble JaHHBIE MOTYT CIIOCOOCTBOBATh pPAaHHEMY BBISBICHUIO OIACHBIX,
YCTOMUYMBBIX K JICYCHUIO IITAMMOB M CBOEBPEMEHHOW OpraHM3aluu MPOTHBOAMHIEMUYECKUX
MEpONpPHUATUH, HAIIPABJIEHHBIX HA MPEOTBpallleHUue pacnpocTpaHeHus UHpeKuu. BolsiBienue
MapKepoOB PE3UCTEHTHOCTH K XMMHUOIIpenaparaM MO3BOJSET YCKOPUTH IPOLIECC ONPENECICHUS
YCTOMYHMBOCTH BHOBBH MOSIBIAIONIMXCS IITAMMOB BHPYCAa M YTOYHSATH CTPATETUIO JICUCHUS U
npo(UITaKTUKY TPUIIINA cpean HaceneHus PecnyOnuku.

B Kazaxcrane Ttaxke BemyTcst paOOThI, I€JIb KOTOPBIX — M3y4eHHUE MPOOIEMBI
(bopMupoOBaHUS JIEKAPCTBEHHO-YCTOHYMBBIX ()OPM BUPYCOB, a TAKXKE MOUCK IyTel MpPeo10JIeHUs
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PE3UCTEHTHOCTH. BBIMONHEHBI S3KCIEPUMEHTHl MO aJanTaldd d3TAIOHHBIX MmMTaMMoB BIT
A/FPV/Waybrige/78 (H7N7) u A/Swine/lowa/30 (HIN1) K BBICOKHM KOHIIEHTPAIUSIM
AHTUBHMPYCHBIX MpenapaToB TaMU(IIo 1 peManTaauH. [lokazaHo, uro pedepencHsie mrammbl BI
A/HIN7 u A/H7N7 o00namaioT ONpeneseHHOW YyBCTBUTEIBHOCTHIO K BBIIIEHA3BAHHBIM
STHOTPOTHBIM XUMHOIIpENnapaTaM, IOJy4eHbl aJalTHPOBAHHBIE K JAHHBIM JIEKAPCTBEHHBIM
CpeAcTBaM MYTaHTHBIC BAPUAHTHI 3TUX IITAMMOB C U3MEHEHHBIMHA OMOJIOTUYECKHUMHU CBOHCTBAMHU
OCHOBHBIX IOBEPXHOCTHBIX O€IKOB. AHAIN3 JaHHBIX CEKBEHUPOBAHHUS MOATBEPANIT KOPPEISILINIO
MEXIy HW3MEHEHHEeM (DEHOTUIIHMUECKUX NpOosBIeHUH OenkoB remarrimoTuanHa U NA ©
Moar(UKAIUEH TeHeTHIESCKOTO anmapara. BeisiBiieHa 3aMeHa B MoJiekyJie Oeka M1 B IOJIoKeHUH
207, npuHuMaroas yyactue B ((OpMUPOBaHUM YCTOWUYMBOCTHU K Ipenapary TaMuQiito, paHee He
yKa3aHHas B Jiuteparype. CrenaHo npeanoioKeHUe O MyJIbTUTEHHOM XapaKTepe BOZHUKHOBEHUS
pe3uCTeHTHOCTH K Tamudutio [41].

JlaHHBIE TI0O YYBCTBHUTEIBHOCTH JTAJOHHBIX BHUPYCOB B OTHOIICHHH JIEKAPCTBEHHBIX
MpernapaToB MOCIYXWIM OCHOBAHHMEM JJIsi NPOBENEHUS MOJOOHOro poja HCCielOBaHUN Ha
Ka3aXCTaHCKUX IITaMMax BHpyca rpunma [42].

N3ydeHne 4yBCTBUTENBHOCTU K XMMHOIIpENapaTaM MoKa3ajao IreTeporeHHOCTh MOMYIISIIUU
Ka3aXCTaHCKUX BHUPYCOB TpUIINA MO 3TOMY Npu3HaKy. Tak, penmpoAyKuus BCeX H3yYEHHBIX
BUpPYCOB HMHruOupoBajach mpemnapatoM Tamuduio B pa3Hoil creneHd 3ddeKTuBHOCTH:
WNurnbupyromas xonuentpauus (MKso) BapbupoBanza B IIMPOKOM Iuana3oHe 3HAYEHUH: OT
0,60+0,3 mo 25,38+1,5 mr/mia. Ilo OTHOLIEHUIO K pEMaHTaJAUHY BHPYCHI B LEJIOM IPOSIBHIN
MEHBUIYIO CTETIEHb YyBCTBUTEIBHOCTH: PeNnpotyKius 73,91% n3014T0B ¢ aHTUT€HHOH (hopMyIoit
A/HIN1 wunrubupopanace mpemapatoM B pazmuyabix jgo3ax (MKsp cocraBmma 3,49+0,3 —
25,50£3,0 wmr/mm), 26,09% W30AATOB OKa3aluCh K JaHHOMY TMIpenapaTry IMOJTHOCTHIO
pesucteHTHeIMU. K apOugony M HMHIraBUpPHHY BCE HCCIEIyEeMbl€ BHPYCHl IPOSBUIM
pe3ucTeHTHOCTh [43, 44]. MosekynsapHO-OMOIOTHYECKU aHaau3a abOpUTeHHBIX mTamMmMoB BIT
MO0Ka3aJl, OTCYTCTBHE MOJICKYISIPHBIX JAETEPMUHAHT YCTOMYMBOCTH Y BCEX HCCIEIYEMBIX
M30JIATOB K IpernapaTaM aJaMaHTaHOBOIO psAa M K IpernapaTaM Ha OCHOBE 03€IbTaMUBUPA
(Tamugmo) [ 45, 46, 47].

N3ydeHne MOJIEKYISIPHBIX U T€HETHYECKUX XapaKTEPUCTUK IITAMMOB SIBJII€TCS OCHOBHBIM
3BEHOM KaK CHUCTEMbl MOHMTOPHHIA 3BOJIIOIMOHHBIX M3MEHEHMH B I€HOME BUpYCa, TaK U
YYBCTBUTEIBHOCTH K IPOTUBOBUPYCHBIM JIEKAPCTBEHHBIM CpelcTBaM. MyTaluu, sSBISIOLIMECS
MapKepaMy YCTOHYMBOCTH K IPOTHUBOBHPYCHBIM IIpenapaTam, NpeACTaBIsA0T HHTEPEC C TOUKU
3peHUs] FTeHETUYECKOT0 NMPU3HAKa, MO3BOJISIOIIEr0 HICHTU(DULIUPOBATh PE3UCTEHTHBIN LITAMM.
Kpome TOro, oHu SBJISAIOTCS HOBOW TI€HETHUYECKON OCOOEHHOCTHIO, CIIOCOOHOHM BIMATH Ha
BUPYJICHTHBIE M PENPOIYKTHUBHBIE CBOMCTBA BUpYyca. M3yueHne ycToiunBOCTH pecriupaTopHbIX
BHPYCOB K XUMHOIIpeNaparaM CrocoOCTByeT pa3padoTke 3pGEeKTUBHOM TAaKTUKU OOPHOBI, KaK C
STaJIOHHBIMH, TaK U HOBBIMU a0OpUT€HHBIMU IITaAMMaMHU. Takke 3T0O 03BOJISET BBIIBUTH HOBBIE,
IeHETUYECKM H3MEHEHHbIE BapUaHThl BHPYCOB, IMOTEHIUAIbHO ONACHBIE /Js 4YellOBEKa,
IIPOBECTU KOPPEKIHUIO CIOCOOOB JIEUEHUsSI U MPOQPUIAKTUKU TI'PHUIINA, YTO OYEHb BAXKHO JUIS
MPAKTUYECKOHN 3MUJEMHOIOTUH.

®unancupoBanue: Pabora BbIoJHEHa B paMkax HayuHo-TeXHHYECKOH NIporpaMMel
Komutera Hayku MuHucTepcTBa Haykd W Bbicuiero oopasoBanus PecnyOnuku Kaszaxcran:
BR10965178 «Pa3paboTka OpUTMHAIBHBIX OTEYECTBEHHBIX NpEnapaToB C MPOTUBOBHUPYCHOU
aKTUBHOCTBI0, 3(h(pekTuBHBIX B oTHOIEeHNH COVID-19 u rpunmnay.
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aZaMIapablH JAEHCAYIBIFBl MEH 3KOHOMHKACHIHA YJIKEH 3WSH KEeNTIPeTiH aypaliap KaTapblHa KaTaubl. Op
TYPAl BUPYCTapAbIH allHAIBIMBI YKOHE OJIapAblH MayChIMHAH MayChIMFa KaTHIHACBHIHBIH ©3TepTillTiriHe
0aiiIaHBICTHI AJIBIH-ATY XKOHE eMey IapalapblH TaHuaysl KbiHaataasl. CoHpIMEH Katap, Ooenriti Oip
mperapaTTap¥a Te3iM/i BUpycTap HHPEKIHACH KUl Kezneceni. MH(GeKIMsITBIK KO3IBIPFBIITAPABIH ASPLTIK
3aTTap¥a Te3IMAUIIr Maceneci OYTiHri KyHi OMONIOTHS JKOHE MEMUITMHA FRUIBIMIAPBIHBIH allJIbIHIA TYPFaH
Herisri mocenenepain Oipi Oombim TaObuafBl. BupycTapiaslH Aopire Te3iMIUTITi ONapiblH TYKBIM
KyaJIaliThIH KACHETTEPiHIH 63repyiHiH HOTHXKeCi OOIBIN TaObLIa Ikl )KoHE KoOiHece mpernapaTThl IaMajjaH
THIC KONIJaHyMeH OaitmaHbicThl. Jlopire Te3iMi mraMMaapabiy naiaa 00y BIKTUMANIBIFRl KIMHUKAIBIK
TOKipuOene eMey Y3aKThIFbUIBIFBIMEH OaiinaHpIcThl. COHBIMEH KaTap, Te3imMai mrammaapasy 30%-m1an
acTambl ATHOTPOITHI TpenaparTaplsl emiKaliaH KaObuigamaraH Haykactapaa keszmecemi. COHIBIKTaH
TIOMYJIALAAIAFEl CE3IMTAIl JKOHE TO3iMJIi IITaMMIApIbIH apaKaThIHACHIH aHBIKTAY KOHE TO3IMIUTIKTIH
naiiaa 0oy MeXaHU3MJIEPiH XKOHE OHBI )KEHYIIH MYMKIH JKOJIIapbIH TYCiHy MaHb3bl. Ka3akcranmga 2015
KBUIIaH Oepi OKIIayJIaHFaH TYMay BUPYCTaphbl OCENTAMUBHUD HETI3iHJETI pernapaTTapra JKoHe aJJaMaHTaH
mperapaTTapra KeH ayKbIMJIBI Ce3IMTaNABIKTEI Kepcereni. Ko3mbIpreluTapAblH BUPYCKa Kapchbl
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mpenapaTTapra ce3iMTaJIbIFbIH 3ePTTEY XaNbIK apachlHAa TyMay WHQEKIHACHIH eMACY KOHE aJIbIH aly
YLWIH mpenapaTTapAbl KoigaHy OOWBIHINA YCHIHBICTAPAbl KANBINTACTHIPY YIIiH akmapaT Oepeni. Jopimik
3aTTap/Abl YTHIMIBI MadallaHy *oHE TaHIAy JMHIEMHS KE3CHIHIC XaJIBIKTBIH Oip O6NiriHiH yaKbITIIa
EHOCKKE JKapaMChI3[IbIFbIHA OaliIaHbICTHl 9KOHOMHKAJIBIK, IIBIFBIHIAPABI a3alTyFa MYMKIHAIK Oepeti.
KinTTi ce3nep: nopire Te3iMIiNIIK, peCIUPaTOPIIBIK BUPYCTap, BUPYCKa KapChl penapaTTap.
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Abstract

Respiratory viral infections, being the most widespread among all diseases in humans, cause
enormous damage to human health and the economy. The co-circulation of various viruses and the
variability of their correlation from season to season complicate the selection of agents for the prevention
and treatment. In addition, infection with viruses that are resistant to specific drugs occurs frequently. Drug
resistance in infectious agents is one of the major challenges of our time facing the biological and medical
sciences. Drug resistance among viruses is the outcome of changes in their hereditary properties and is
often associated with excessive use of medicines. The likelihood of the emergence of drug-resistant strains
increases with the treatment duration in clinical practice. At the same time, more than 30% of resistant
strains are found in patients who have never taken etiotropic drugs. It is therefore important to reveal the
correlation between sensitive and resistant strains in the population and to understand the mechanisms for
the emergence of resistance and possible ways to overcome it. Influenza viruses isolated in Kazakhstan
since 2015 reveal sensitivity to oseltamivir-based drugs and a wide range of susceptibility to adamantane
drugs. Study of the sensitivity of native viruses to antiviral drugs provides information for the formation of
recommendations for the use of drugs intended to treat and prevent influenza infection in the population.
Rational use and selection of drugs can reduce economic losses associated with a temporary disability
among a part of the population during the epidemic period.

Keywords: drug resistance, respiratory viruses, antiviral drugs.

Acute respiratory viral infections (ARVI), which include influenza and coronavirus, are the
most large-scale recurrent infections of mankind and pose a serious public health problem. In terms
of social significance, huge damage to the health of the population and the economy, ARVIs take
the first place among all human diseases [1, 2]. The share of seasonal acute respiratory viral
infections accounts for 10-30% of temporary disability of the population. Usually ARVIs account
for up to 40% of all adult diseases, more than 80% of all infectious diseases, more than 60% of
childhood diseases. Every year seasonal epidemics lead to about 3-5 million cases of severe illness
and about 250-500 thousand deaths [3]. The last pandemic caused by a coronavirus SARS-CoV-2
in 2019-2022, initiated a disease in more than 638 million people and claimed about 6.62 million
lives [4].

As a result of large-scale anti-epidemic measures, the incidence of influenza and other acute
respiratory viral infections has decreased over the past three years, however nevertheless never
dropped to zero. The co-circulation of various respiratory viruses has recently been observed while
the etiological interpretation of the epidemic process varies from year to year [5], which
complicates the epidemic situation and, accordingly, the selection of agents for prevention and
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treatment [6, 7, 8]. A particular difficulty is formed by the fact that viruses rapidly adapt to the
used chemotherapy drugs with the formation of partial or complete resistance.

An effective strategy to combat respiratory viruses proposes the use of etiotropic
chemotherapy drugs that have a direct influence on a specific target - a viral protein involved in
the replication cycle [9, 10].

The most common etiotropic drugs used against influenza are represented on the domestic
market today by four groups:

- ion channel blockers (adamantanes, rimantadine);

- specific hemagglutinin (HA) chaperone (arbidol);

- neuraminidase (NA) inhibitors (tamiflu (oseltamivir), relenza, peramivir)

- NP-protein inhibitors (ingavirin).

Etiotropic chemotherapy drugs against coronavirus are currently at the stage of development
and testing [11], the treatment provided is in general symptomatic and preventing complications
[12]. Remdesivir, a drug recommended in 2020 for the treatment of COVID-19 in the United States
by the U.S. Food and Drug Administration [13] which inhibits the RNA-dependent RNA
polymerase of the virus [14, 15], still raises many doubts and is not recommended by WHO [16].

The problem of therapy for respiratory viral infections is far from being solved today, since
infection with viruses that are resistant to specific drugs often takes place. Drug resistance is the
outcome of changes in the hereditary properties of viruses and develops with repeated use of drugs
[17, 18]. Resistance is caused by mutations in the viral protein that is the target for the drug action
[19, 20].

IV A(HLN1)pdm0Q9, which caused the first pandemic in XXI century, initially turned out to
be resistant to adamantane drugs, but susceptible to NA inhibitors of influenza viruses. However,
the active use of oseltamivir has resulted in April 2009 in the emergence of several resistant
mutants among the population of the novel pandemic strain. This determined the relevance of
expanding monitoring of the emergence of resistant variants with further widespread use of the
drug, especially in the treatment of mild forms and the prevention of the disease. Resistance to
oseltamivir in 63% of cases is associated with the therapeutic and prophylactic use of the drug,
37% of resistant strains were detected in patients who had not previously taken specific antiviral
drugs, which can be explained by the transfer of resistant strains from person to person [21].

IV resistance to adamantane drugs reaches 90% in certain countries, for example, in the USA
[22] it is due to mutations in positions 26, 27, 30, 34 of the M2 protein [23]. It has been established
that the substitutions V28L and S31N in the structure of this protein of modern pandemic viruses
are strongly associated with resistance to adamantane antiviral drugs [24, 25].

The problem of chemoresistance also concerns NA inhibitors [26]. From 1999, when they
appeared on the market, until the beginning of the 2007-2008 season the vast majority of
circulating influenza viruses remained sensitive to these drugs while resistant strains were found
in no more than 6% of cases. However, over the next 1-2 years, the proportion of resistant
pathogens has risen significantly [27]. In Japan, by 2008-2009, it increased to almost 100%. In the
2012-2013 season, there were repeated reports of detection of A(H1IN1)pdmO09 strains that are
resistant to oseltamivir in patients [28]. In a number of cases, resistant strains were detected in
individuals not treated with NA inhibitors, which is evidence of the circulation of resistant strains
among the population.

Resistance to specific drugs is caused by mutations in the genes encoding their target
proteins. By this time scientists around the world have identified a number of such mutations in
the IV genome. For instance, resistance to Tamiflu among strains A/HIN1 and A/H2N2 was
revealed owing to the active site R292K and E119G NA [29]. The H275Y substitution in the NA
surface glycoprotein of the influenza virus is responsible for resistance to oseltamivir [30]. In the
Netherlands, a pandemic strain of influenza virus A(HLN1)pdm09 was isolated with the 1223R
mutation in NA, which caused a decrease in sensitivity to all existing NA inhibitors of influenza
viruses. A(HIN1)pdmQ9 strains were reported that were identified in Singapore and Australia in
10 and 30% of cases, respectively, with the S247N mutation in the NA protein, which led to a
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decrease in the sensitivity of viruses to oseltamivir and zanamivir [31]. Oseltamivir-resistant
A(H1IN1)pdmO09 viruses with the H275Y mutation have been isolated from patients in South Korea
[32-35]. It was suggested that there are two H275Y mutation-associated substitutions in the NA
protein of seasonal A(H1N1) strains, V234M and R222Q, which maintain viral viability and
ensure stable NA activity. Study of a pair of oseltamivir-resistant and oseltamivir-sensitive 1V
A(H1N1) pdmQ9 strains in a ferret model has demonstrated a difference in the 275 position of the
NA protein [36]. The first case of isolation of a type B IV strain resistant to this drug with the
R152K mutation in NA was described in 1998 [37]. During the 2007-2008 season in Myanmar,
IV A(H3N2) (<1.5% of examined cases) with Q136K and S31N mutations in NA and M2 proteins,
respectively, were detected, which had reduced sensitivity to both zanamivir and rimantadine [38].

Molecular epidemiological data from numerous studies confirm that the H275Y mutation is
frequently caused by selective selection under the effect of specific treatment [39]. In South Korea,
the 1117M mutation was also found in the NA of the A(HLN1)pdmO9 influenza virus isolated from
a patient taking oseltamivir and peramivir, which may be associated with reduced sensitivity to
oseltamivir [40].

The formation of 1V resistance to drugs leads to a problem when a set of existing antiviral
agents is ineffective. As a result, selection of drug-resistant strains is observed in patients, and the
likelihood of their emergence rises with increasing duration of treatment in clinical practice. It is
therefore extremely important to have not only the widest possible range of anti-influenza drugs
with different mechanisms of action, but also to understand the mechanisms of resistance and
possible ways to overcome it.

Studies on the resistance of influenza viruses to chemotherapy drugs and the reasons for
its formation are being carried out in numerous research centers around the world. Due to the
high mutational variability, 1Vs circulating in different regions and at different times can vary
significantly. Therefore, recommendations for prevention, treatment and vaccination developed
abroad often turn out to be irrelevant for domestic health care.

The data obtained can contribute to the early detection of dangerous, treatment-resistant
strains and the timely organization of anti-epidemic measures aimed at preventing the spread of
infection. Identification of markers of resistance to chemotherapeutic agents makes it possible
to accelerate the process of determining the resistance of newly emerging virus strains and to
clarify the strategy for the treatment and prevention of influenza among the population of the
Republic.

Work is also being carried out in Kazakhstan, the purpose of which is to study the issue of
the development of drug-resistant forms of viruses as well as to find ways to overcome
resistance. Experiments were carried out on the adaptation of IV reference strains

A/FPV/Waybrige/78 (H7N7) and A/Swine/lowa/30 (H1N1) to high concentrations of the
antiviral drugs Tamiflu and Rimantadine. It was shown that the reference strains IV A/HIN7
and A/H7N7 have certain sensitivity to the above-named etiotropic chemotherapy drugs; mutant
variants of these strains adapted to these drugs with modified biological properties of the major
surface proteins were obtained. Analysis of sequencing data confirmed the correlation between
changes in the phenotypic manifestations of hemagglutinin and NA proteins and modification
of the genetic apparatus. A substitution in the M1 protein molecule at position 207, which is
involved in the formation of resistance to the drug Tamiflu, has been identified, which has not
been previously reported in the literature. An assumption was made about the multigenic nature
of the emergence of resistance to Tamiflu [41].

Data on the sensitivity of reference viruses to drugs served as the basis for conducting such
studies on the Kazakhstan strains of influenza virus [42].

Study of sensitivity to chemotherapy drugs showed the heterogeneity of the population of
the Kazakhstan influenza viruses according to this characteristic. The reproduction of all examined
viruses was inhibited by Tamiflu to varying degrees of effectiveness: the inhibitory concentration
(1Cs0) varied over a wide range of values from 0.60+0.3 to 25.38+1.5 mg/mL. With regard to
rimantadine, viruses in general showed a lower degree of sensitivity: the reproduction of 73.91%
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of isolates with the antigenic formula A/H1N1 was inhibited by the drug at various doses (ICso
was 3.49+0.3 - 25.50+£3.0 mg/mL), 26.09% of the isolates were completely resistant to this drug.
All examined viruses developed resistance to arbidol and ingavirin [43, 44]. Molecular biological
analysis of indigenous IV strains showed the absence of molecular determinants of resistance in
all studied isolates to adamantane drugs and oseltamivir-based drugs (Tamiflu) [45, 46, 47].

Study of the molecular and genetic characteristics of strains is a major link in both the
system for monitoring evolutionary changes in the virus genome and sensitivity to antiviral
drugs. Mutations that are the markers of resistance to antiviral drugs are of interest from the
point of view of a genetic trait that makes it possible to identify a resistant strain. In addition,
they are a novel genetic feature that can affect the virulent and reproductive properties of the
virus. The study of the resistance of respiratory viruses to chemotherapy drugs promotes the
development of effective tactics for combating both reference and novel native strains. It also
makes it possible to identify new, genetically modified variants of viruses that are potentially
dangerous to humans, to correct methods for treating and preventing influenza, which is very
important for practical epidemiology.
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