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INO3IPABJIEHUE
PYKOBOIUTEJIA
®EJEPAJIBHOM CJIYXBbI I10 HAJI30PY
B COEPE 3AILIIUTHI ITPAB NIOTPEBUTEJEN
N BJIAT'OIIOJIYYHUSA YEJTOBEKA

YBa:xxaemble KoJ1eru!

Wznanne «KypHan MHKPOOHMOJNOTHH, SMHIEMHUOJIOTHU M UMMYHOOHOJIOTHH» OTMEUYaeT
100-neTHHit F0OMIIEH ¢ JaThl BEIXO/Ia B CBET CBOETO IMEPBOTO HOMEPA.

C nepBbIX BBITYCKOB M JI0 HACTOSIETO BPEMEHU XKYPHAJ SBISETCS HAyYHO-IPAKTUYECKUM
W3JJaHUEM, BCECTOPOHHE OCBEILAIOIIUM aKTyalbHbIE POOIEMbl MEAUIIMHCKON MHUKPOOHOIOTHH,
MIPHUKJIATHON UMMYHOJIOTUH, STTUAEMHOIOTHH 1 MHPEKIIMOHHBIX O0JIe3HEH, 1 00ecredrnBaeT Momy-
TSPU3AIUI0 HOBEUIITNX PE3YyNIbTAaTOB (yHIaMEHTAIBHO-TIPUKIIAIHBIX UCCIICIOBAHMA, HAPABIICH-
HBIX Ha 00ecTieueHNEe KOHTPOJIS, TPOMUIAKTUKHY U JISUCHUS WH(EKIIMOHHBIX 3a00ICBAHHIA.

[maBHBIME peakTOpaMu, YIeHaAMHU PEIAKIIMOHHOTO COBETA U PEIAKIIMOHHOM KOJUIETHH KYP-
Haja, aBTOpamMH MyOJIMKalMil B pa3Hble robl ObUIM yUEHBbIE C MUPOBBIM HUMEHEM, CIIELIUAIUCThI
opraHoB u opranuzanuii Pocriorpebnanzopa, Poccuiickoii akageMuu MEIUIIMHCKUX Hayk, Poc-
cHiickoii akanemun Hayk, Munsapasa Poccuiickoit denepannn, MUKpOOHOJIOTH, STIHIEMHOIOTH,
BHUPYCOJIOTH, UMMYHOJIOTH, OPTraHU3aTOPhI 3[PaBOOXPAHCHHUS.

C mMoMeHTa co3AaHus J)KypHaJla BO IVIaBE CTOSAIM Takue Bblaaronivecs yuénele, kak JI.A. Ta-
pacesuy, JI.B. I'pomamesckuit, M.JI. Kpuuesckuii, 1.1. Poro3un, b.®. Cemenos, B.JI. Tuma-
xoB, .. Enxun. B sxypHase my6mukoBaanuch paboThl BETHKUX JeATeNel 0TeuecTBeHHON HAYKH:
M.II. YymaxkoBa, A.A. CmopomunneBa, JI.A. 3unsOepa, 3.B. EpmonbeBoit, B.M. JKmanosa,
C.B. IIpo30pOoBCKOTo U APYTHUX.

3a roJipl CyIIECTBOBAHUS KypPHAJI IPEBPATUIICA B ABTOPUTETHOE MEPUOIMYECKOE U3JaHuE, Ha
CTPaHHUIIAX KOTOPOTO OOCYXTAIOTCS aKTyallbHbIC BOIPOCH HH(EKIIMOHHBIX 3a0oneBanuii. M3ma-
Hue «KypHan MUKpOOHOIOTHH, STTUAECMHUOIOTUA 1 HMMYHOOHOJIOTHI TEPBBIM OCBETHIIO TaKYIO
BaXKHYI0 OoJie3Hb, Kak BUY-undekuus, ony0a1MKoBaio CTaTby MO JUKBUIALUU TOIMOMUEINTA.

Yenex KypHasa JIOCTHUTaeTCs HEMPEephIBHOW paboToi pedakIMOHHON KOMaHIbl U aBTOPOB,
a TaKXke IIaBHOTO peAaKTopa KypHasia akageMuka Pocculickoil akanemun Hayk Butanus Bacu-
nbeBUYa 3BepeBa. biaronaps miog0TBOPHOMY TPYAY KypHaJI BXOJUT B MEPEUYHU HAYUHBIX XKYp-
HaJoB U OmOnmmorpaduuecknx 0a3 JAHHBIX PEICH3UPYEMON HAyIHOU JIUTEPATYPHI, MOJIH3YETCs
KOMIETEHTHOCTBIO B YUEHBIX KpyTrax, Yy MEIUIIMHCKON OOIIIECTBEHHOCTH, CTY/ICHTOB U ACITUPAHTOB
1 BOCTpeOOBaH YUTATEISIMU.

VYBaxkaeMble COTPYIHHUKH KypHaja, aBTOPbl U YUTATENHN !

Ot Bcelt qy1iu MO3APaBIIsIio Bac ¢ FOOMIIEEM U BBIPAXKat0 YBEPEHHOCTh B TOM, UTO M TIOCIEAYIO-
e myOIuKaIMK Ha CTPAaHUIIAX KypHasa OyIyT Tak K€ CBOCBPEMEHHBI, ODUTHHAIILHBI U BOCTPE-
OOBaHBI TUPOKOW YUTATEITHCKON ayIUTOPUCH.

JKenaro Bam KpENKoro 3710pOBbs, HEMCCSIKAEMOI'0 HTy3Ha3Ma U U3aTelIbCKOTO JIOJITOJIETHS,
YeJIOBEUECKOT0 CYACThsl U BCAYECKOTO OJIaronomyusl.

Pyxosooumens @edepanvhoii ciyscov

no Hao3o0py 8 cghepe 3auumsl npas

nompebumerneti u O1a20NOIY4US YEN0BEKA,

I iasmwiii 2ocyoapcmeenHulll CaHUMAPHDLLL

epau Poccutickoti @edepayuu A.FO. Ilonosa
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Konnexmusy «Kypnana muxpobuonozuu,
SNUOEMUOTOSUYU U UMMYHOOUOTO2UUY

llopozue opy3vs!

Hcnonnunoco 100 1em co OHs 0cHo8amusi 00HO20 U3 CMAPENUUX HAYYHO-NPAKMUYECKUX NePUOOU-
yeckux uzoanuti Cogemckozo Corwsa u cospemeruoli Poccuu — «Kyprana muxpobuonozuu, 3nudemuo-
JI02UU U UMMYHOOUONOSUUY.

Ocnosannwiii 8 1924 200y, scypran paccmampugaem akmyanibhole npodiemvl MUpPO8ol HAYKU 8 00-
Jacmu SNUOeMUONO2UU, MUKPOOUOO2UY, BUDYCONOUU, UMMYHODUOLO2UU, 8 MOM YUCTe UMMYHOOUACHO-
CMUKY U UMMYHORPODUIAKIMUKY, U 0becneyugaem CUHmes HOGEeUWUX Pe3yibimamos hyHOaMeHmatb-
HObIX U NPUKILAOHBIX HAYYHBIX UCCIE008AHUT, HANPABIEHHbIX HA 0becnedeHue KOHMPOs, RPODUIAKIMUKU
u 1evenus bonesHel UHpEeKYUOHHOU NPUPoOsL.

JKypHan oxeamwigaenm 60npocyl UHGEKYUOHHBIX 3a00Ie6AHULL YeL08EKA C MOYKU 3PEeHUs. U3YUeHUs
NAMO2EHHBIX MUKPOOPESAHUIMOB 80 63AUMOCEA3U C UMMYHHBIM OMBEMOM OP2AHUMA Yel08eKd, OKPY-
arcarowyeti cpedoll, BHYMpPU- U MeNC8UOOBLIMU 83AUMOOCUCMBUAMU, d MAKIHCE 83AUMOCBAZAHHBIMU I60-
JHOYUOHHBIMU NPOYECCAMU U 00UjeCMBEHHBIM 300P08bEM.

JKypnan npednasznaven 0as epavell, INUOEMUOLIO208, HAYVUHBIX PADOMHUKOS, npenoodasameinell,
AcnuUpanmos u CmyoeHmos, bl nPoghecCUoHAIbHble UHMEPEChL BKAIYAION BONPOCHL NPUMEHEHUS, Pa3-
Pabomxu u 6HeOPeHUs MEXHOA02ULL 0151 NOOOEPHCAHUSL UHPEKYUOHHOU OE30NACHOCMU HACECHUSL.

JKypHan 6 pasnvle 20061 603271a671571U KPYHHbBIE YUeHble, NO NPABY CYUMAIOWUEC OCHOBAMENAMU CO-
BPEMEHHBIX HANPAGLEeHUL MEOUYUHCKOU MUKPOOUONO2ULU, OUOMEXHOIO2UL, INUOEMUOIOSUU U UMMYHO-
noeuu. B cocmaes nepsoti pedaxyuorHol Koaie2uu JdCypHaIa 6xo0unu usgecmule yuéuvte — A.U. Abpu-
xocos, C.B. Kopwyn, U.JI. Kpuuesckcuti, @.A. Yucmosuy u Op. Ynenamu pedxonnecuu jHcyprHaia 8
pasHuvle 200vl A6anUcy akaoemuxu B.J]. Benskos, A.@. bunubun, U.H. bnoxuna, C.B. Ilpozoposckuil,
II.A. Bepwiunosa, I'B. Bvizoduuxos, B.M. JKoanos, I1.®. 30podosckuii u op.

C 2011 200a enasnvim pedaxmopom dcypHana seasemces akaoemux PAH B.B. 36epes.

B 2019 200y uzoamenem sxcypuana cman LlenmpanbHolil HAYUHO-UCCIE008AMENbCKUL UHCIMUNTYM
anudemuonozuu Pocnompebnaoszopa, eozenasnsemvlil akademuxom PAH B.I. Axumxunvim. Coemecm-
Hble YCUnUs pe0aKyuoHHOU Koule2uu U Yupeoumes HCypHaida cnocoOCmeosan CmpemMumenbHOMY po-
My MedNCOYHAPOOHOU ZHAYUMOCTNU UZ0AHUSL.

3a 100 nem cywecmeosanus KMOU ocpomnoe wucio ucciredosameneti Obliu a8mopamu opueu-
HanbHbIx cmamell. Muozaue pabomul, 3aciyxcusuiue 8nocie0Cmeuu Mupogoe NpusHanue, NOABUIUCH Ha
CIMPAHUYax HCypHaud.

Heusmenna mpaouyus sxcypuaia nyoaukosams mMamepuansi, HeooXooumvle 015 pazeumusi mMeou-
YUHCKOU HAYKU U NPAKMu4eckoeo 30pagooxpanenus. B 200vt nanoemuu COVID-19 (2020—2023 2e.)
JACYPHAN 8Mecme ¢ YUEHbIMU, compyOHuKamu Pocnompebnaod3opa u npakmuueckozo 30pagooxpanenus
0L Ha nepsoll AuHuUY 60PbOLL ¢ UHGDeKyUell, ocsewas 0OCMUINICEHU HAYKU U NPAKMUKU 8 00AACTU INU-
0eMUON02UYECKO20 HAO30PA U KOHMPOIS, pa3padomKu HOBEUWUX MEMOO08 U CPeOCE OUASHOCTUKY U
npounaxmuxu uHgexyuu.

Omoenenue meouyurckux Hayk PAH no3opasnsiem pedakyuoHHY0 KOLLe2Uio cO CIOaemuem xHcyp-
nana JKMDOU, sicenaem niodomeoproil pabomol, HANPasieHHol HA OalbHeliee pa3eumue MeouyuH-
CKOU HAYKU.

Axaoemux-cexpemaps Omoenenus
meouyunckux nayk PAH
akademux PAH B.U. Cmapooybos
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100 net «»KypHany Mukpo6uonoruu, snuaemMmmonornm

N UMMyHOGUuoONOrNN»

[oporue xomieru, Jpy3bs, B 3TOM TOAY HCIIOJ-
uaercs 100 met co AHS OCHOBaHUS HAYYHOTO WU3IaHUA
«OKypHan MHUKpOOHOIOTHH, STHIEMHOJIOTHH U UMMY-
HOOMOJIOTUM.

Ham >xypuan Obul opranuzoBan B 1924 romy
nmon HasBaHueM <« OKypHain MHMKpOOHOSIOTMH, MaTONO-
rMd ¥ MHQEKIUOHHBIX Oone3Hei». B cocraB mepBoit
PEeAKOJUIETHH KYpHajla BOILIM BbLAAIONIUECT Y4é-
Heie Toro Bpemenu: A.U. AGpuxocos, O.0. Iaprox,
I'A. Upamenues, C.B. Kopuryn, U.JI. Kpuuesckui,
B.A. Jlwobapckuii, ®@.5. Yucrosckuii, I.B. Dmureiin.
[lepBBIM OTBETCTBEHHBIM PENAKTOPOM CTajl BBIJAIO-
IUICS YYEHBIM C OIPOMHBIM PENAKTOPCKUM OIIBITOM
U mupodvaiiieil HaygHo# spynaunueit — JleB Anekcan-
aposuu TapaceBud, M3y4yaBLIMI OCHOBBI €CTECTBO3-
HaHMA y Takux kopudeeB HaykH, kak .. MedHukos,
A.O. Kosanesckuit, .M. Ceuenos, H.A. YmoB u np.
JI.A. TapaceBu4 moay4us BTOpoe METUIIMHCKOE 00pa-
3oBanue B [lapwke, ObLT aBTOPOM IIBYX AMCCEpPTALNH,
OOJIBIIOTO YMCIIa HAyYHBIX MyOJIMKaLUil, B TOM 4HCIe
«PyKoBoaCTBa 10 0AKTEPHOIOTHH M OOLLEH TATOIOTUID.
Bo Bpems co3nanus xxypHana JI.A. TapaceBud pykoBo-
q1 [ocynapcTBEHHBIM HayYHBIM MHCTUTYTOM Hapo[l-
HOTO 3[IpaBOOXPAHEHMs, B COCTaB KOTOPOTO BXOAMIIHU
8 MHCTUTYTOB, B TOM YHMCIIE TO3HEE Ha3BaHHBINA €ro
nMeHeM MHCTUTYT KOHTpOJIS ChIBOPOTOK M BaKLUH.
OT0, a TaKKe NEATENbHOE COTPYAHUYECTBO U pelaK-
TOPCTBO B HAY4YHBIX XypHayax no3soawio JI.A. Tapa-
CEBUYY C IEPBBIX )K€ BBIITYCKOB JKypHaJa CAEaTh ero
OJTHUM M3 BEIYLIUX HAYYHBIX MEAULMHCKUX NEPUOIH-
YEeCKUX M3/1aHUH CTPaHbl, pa3BUBAIOIIUM Hay4YHO-TIpaK-
THYECKOE HallpaBJIeHUE B OMOIIOTHH U MEAULITHE.

«OKypHan MUKpoOHOTIOTHH, TATOJIOTUH U WH(EK-
LUOHHBIX OOJIe3HEI» ¢ MOMEHTa CBOETO OCHOBAaHUS
CTaJl IPOBOJHUKOM ITEPEIOBBIX UACH B 00macT nH(EK-
LIMOHHOW natosioruu. B 310 BpeMs TemMaruka KypHana
oTpaxkasia 0COOEHHOCTH COCTOSHHS U Pa3BUTHSI MUKPO-
ouonorun B CoBerckoM Cotoze. OnbIT OOpBOBI € 3MH-
JeMUsIMHU HHPEKIMOHHBIX Ooie3Hel GprukcrupoBa BHU-
MaHHe MHUKPOOHOJIOrOB Ha BONPOCaxX 3MUAEMUOIOTHH.
Kak nucan B cBoeii cratbe B.A. Jltobapckuii (1927 t,
TOM 4), «B OOJIBIICH MM MEHBIICH CTCIIEHU BCE PyC-
CKHE MUKPOOHOJIOTH CHIENANNCH TAKXKe IUAEMHUOIOTa-
MU». JTa 3BOJIIOLUS COBNANA ¢ MPO(PUIAKTHICCKUMHU
YCTPEMIJIEHUSIMU POCCUHCKUX MEIUKOB, UCXOASIIUMU
W3 U3YYEHHs] CYIIHOCTH WH(EKIHH, Mep OOphObI C HU-
MH, a TaKKe DITyOOKOTO MOCTHXKCHHUSI TEOPETUYECKHX
OCHOB UMMYHHUTETA U Pa3BUTHS UMMYHOJIOTHH.

W3yuas HOMepa KypHaia OT MEePBBIX O MOCe-
HUX, yOeXK/Iaelbesl He TOJIBKO BO BCEOOBEMITIOLIEH reo-
rpaduu myOIUKyeMBbIX CTaTeil, HO M B X BEPHOCTH HE
ClIydaiiHO BBHIOpaHHBIM T€MaM, KOTOpPBIE B CBOE BpeMs
Y ONIpEIeIuId epeuMeHoBanne u3ganus B «XKypnHan
MUKPOOHUOJIOTHH, 3MHUISMHOIOIMA U HUMMYHOOHOJIO-
rum» CKM3N).

B cuity ecrecTBeHHOTO X01a COOBITHIT MEHSUIUCH
IJIaBHBIE PEIAKTOPHI XKypHaja, COCTaBbl PEIKOJUIETUH U
PEIaKIHOHHBIX COBETOB, CTHIIb ITyONHKAIHIA, SI3bIK CTa-
Teil. Hemeukuii U GppaHiy3cKuil si3bIKH B pE3IOME CMe-
HUWJI aHDmiickuil. HemsmeHnHol ocraBanace Tpaguuus
COOTBETCTBHS MyOIUKYEMBIX MaTepuaioB TpeOoBaHU-
SIM aKTyaJbHOCTH IS 3[paBOOXpaHeHus cTpaHbl. Hu-
Kakue oOlIecTBEHHbIC NOTPSCEHHUS HE OCTaHABIUBAIU
BBHIITYCK XXYpHaja U HE CyKaJd reorpaduio ero pac-
npoctpanenud. Tak, B roasl Benukoit OTedecTBeHHOM
BoiHBI JKMOU He moTepsist Hu ogHOTO HOMEpa (B 1942
u 1943 TT. BBIIUIO HECKOJIBKO CIBOCHHBIX HOMEPOB),
B roasl pacnana Coserckoro Coro3a KypHal perymsp-
HO pacnpocTtpansuics B ctpaHax CHI.

[Tocne JI.A. TapaceBuya B pasHble TOABI XKYp-
HaJl BO3MIABISUIM BBIJAIOILINE COBETCKHE U POCCUH-
ckue yuénsie M.JI. Kpuuesckuii, B.A. Jliobapckui,
A.M. Kpunuukwuii, 1.1. Poro3un, JI.B. ' pomamieBckuti,
B.JI. Tumaxos, U.U. Enkun, b.®. CemenoB. Unenamu
penkoiuteruu siBistinch B.M. AradonoB, A.K. Aka-
toB, B./l. BemsikoB, A.®. bumubun, M.H. broxuna,
I[LLH. Bypracos, I1.A. Bepmmunosa, A.A. BopoOnéB,
I'B. Beiroguukos, B.M. XKnaunos, I1.®. 3aponoBckuii,
B.M. 3npasombiciioB, M.H. Jlebenera, P.B. Ilerpos,
B.U. Ilokposckuii, C.B. Ilpo3zoposckuii, I'I1. Pynnes,
A.A. Cmoponunues, B.JI. ConoBséB, A.A. TotomnsH,
H.H. ®unaros, H.JI. FOmyk. 310 namexo He MOTHBIN
CIIUCOK, HO B HEM y4€HbIE, IO NPABY CUUTAIOLIUECS
OCHOBATENISIMU COBPEMCHHBIX HAIPABICHUH MUKPO-
OUONIOTHH, SMHUIEMUONIOTHA U MUMMYyHojdoruu. Cpenu
HUX J1Ba npe3ugenTta PAMH, akaneMuku u 4ieHbl-Kop-
pecnonnentsl PAMH u PAH, oGnamarenu BbICIIUX
narpan CCCP wu Poccuiickoit ®eneparuu, naypea-
1ol Jlenunckoit u locymapcrBenHoit mpemuil. Cpenu
HUX — HCCIIEJIOBATENH, BBIICIMBIINE BUPYC KIIEIIEBO-
ro 3HuedanuTa, chopMyIMPOBABIINE KOHIICIIIUIO KOH-
Tposs MHGEKIUH BaKIWHANKEH, KoTopas obecrednna
JIMKBUJAIMIO OCIIBI B MUpPE U MoJIMoMuennTa B Poccuy;
yu€Hble, yCTaHOBHUBILUE 3aKOHOMEPHOCTH (hopMHpoBa-
HUS UMMYHHOTO OTBETA, y4acTUA B HEM KJICTOYHBIX U
TYMOpPaJbHBIX (PaKTOPOB; pa3pabOTINKU COBPEMEHHBIX
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JUarHOCTHYECKUX, BAKIIMHHBIX U JIEKAPCTBEHHBIX IIpe-
naparoB, CO3aTeNy TEOPETHUECKUX OCHOB MHUKPOOHO-
JIOTHH, STTUIEMHOJIIOTUH, UMMYHOOHOJIOTHH.

3a 100 ;meTr OrpoMHOE YHCIO HCCIEAOBaTENCH
CTald aBTOPaMH OPUTHHAIBHBIX HAyYHBIX CTarei
B JXMODMU. HeBo3MOXHO Ha3BaTh BCEX, KaK HEBO3-
MOXXHO B KOPOTKOW FOOWJICHHON cTarhe cjenarh 00-
30p BceX MH(EKUMH U MaTOreHOB, BAKLWH M APYTHX
MMMYHOOHMOJIOTHYECKUX TPEnaparoB, BceX NpooieM
SMHUJIEMHOJIOTHH, MHUKPOOMOJIOTUM M HMMMYHOJIOTHH,
KOTOpPBIM OTBOJMJIOCH MECTO Ha CTpPAHHUIAX HAIIETO
JKypHaJla MU MOCBSINAINCH OTAEIbHbBIE HOMepa. YIo-
MSIHY JIMIIb HEKOTOpble U3 HuX. B 1926 . 2KMOU ny-
omukyer cratbio H.®. ['amaneun «O npupope Oakrepuo-
¢daroB», a B 1954 . — BBIAGPKKU U3 €r0 MOCIEAHEH
nexuun «IMmyHorenes B koxe». B 1937 r. B :xypHane
nosiBisieTcs cepus crareii JI.A. 3uib0epa u coaBTOpoB
0 IPOTUBOBUPYCHOM UMMYyHHTETE, B 1944 . — ero 00-
30pHas CTaThsd O MEXaHM3Max 3TOr0 HMMYHMTETA, a B
1945 1. — TeopeTHUUeCcKas CTaThs, MOJIOKHUBIIIAS HAYAJIO
KOHLIETIIIMH BUPYCHOM Teopuu paka «O npupose 3j10Ka-
YeCTBEHHBIX omyxonei». B 1945 . 2KMDU npexacras-
nsieT paboTy Maiopa MeTUIMHCKOH ciy)0b1 B.M. XKna-
HOBa «JTHOIOTUS HMHQPEKIMOHHOTO TeHaTuTa», a B
1987 r. nocMEpTHO MyOIHUKYET €ro MOCIIEIHIOK CTaThIO
«Jlaboparopnas aquarnoctuxa CIIN». B sTom xe Ho-
mepe — ctarbg 3.K. fAnkunoit, B.M. IlokpoBckoro u
B.B. ITokpoBckoro «3nuaeMruoa0oru4eckoe paccieno-
BaHue nepsoro cinyuas CIIW/I, BBEISIBIEHHOTO y Tpax-
nmanuna CCCP». B 1927 r. B 2KM3U 3.B. EpmonbeBa
MyOJIMKYET CBOIO MEPBYIO paboTy «BHOPHUOHBI XONIEphI
B PocroBe-na-/lony», a B 1944 r. — 3HaMEHUTYIO CTa-
Th10 «IleHunmnnun-kpycrosun». B 1937-1944 rr. B
JKypHaJle PeryiaspHo nossistorcs crarbn MLII. Uyma-
koBa, B./[. ConoBnéBa, A.A. CMOpOIUHIIEBa O TIPUPO-
JIe KJICIEBOTO 3HIedanuTa u rpumrma, 00 IMMyHHUTETE
NPOTUB 3TUX HHPEKIMIA 1 uX npopunaktike. B 1950-x
u 1960-x rr. B JKM3OMU Gonbiioe Konm4ecTBo cTarei no-
CBSIIICHO OOPHOE C MOJIMOMUEITUTOM, TPUIITIOM, KOPbIO,
SMUJEMUYECKUM ITIAPOTUTOM, KpacHyxoil. [losBistorces
MyOJIMKALWKU O CO3IAaHUM BaKLUH MPOTHB 3TUX MHQEK-
U, UX UCHBITAHUIX, OCOOCHHOCTSIM IOCTHH(EKIU-
OHHOTO U TMOCTBAaKUMHAIBHOTO UMMYHHUTETA. ABTODEI
9TUX MyOJIMKAalUi — BBIAIONINECS OTEUECTBEHHBIC
yuénbsie M.II. Uymaxos, B.Jl. ConoBbéB, A.A. Cmopo-
nuuies, O.I. Axmkanapunze u ux yuyenuku. B 1960-e
u 1970-e rr. )xypHan cieaut 3a ycnexamu [IporpaMMel
100aMbHOM JUKBUAALMH OCMBI B MHUpE, MyONHKyeT

ANNIVERSARIES

OTYETHl U HAYYHBIE CTaThU O XOZE MPOTPaMMBI U, Ha-
KOHEIl, JAeKJIapanrio rmodaabsHOH KOMUCCHUH MO CepTHU-
(uKauuy JMKBUIALMU OCHHI Ha 3eMile, OAMCAHHYIO
B TOM uHucie coBeTckuM yu€HbM C.C. MapeHHUKOBOI
(1979 1.). B mociemuue rojpl xKypHal CTapaeTcsi OCBe-
marhk HauboJiee aKkTyajabHbIE MPOOIEMBI AHJIEMHOIO-
MM, MUKPOOUOJIOTHH, BUPYCHBIX T'€lIaTUTOB, I'PUIINA,
KOPOHABHPYCOB, 0CO00 ONAacHBIX WHPEKINH.

Crnenyer OTMETHUTh, YTO, KPOME OPUTHHAIBHBIX
crareit, JKMOU Bceraa myOnukoBai U myOIuKyeT MHO-
ro JpYrux HEOOXOOMMBIX Uil YYEHBIX U MPAaKTHKOB
MarepuanoB. OTo MH(oOpManus O HAay4YHBIX Che3lax,
CHUMIIO3MyMax M KOH(epeHIusx, oT4€Tsl o pabore OO0-
iecTBa MUKPOOHOJIOTOB, AMUIACMHUOJIOIOB W Mapasu-
TOJIOTOB, PEIICH3UU Ha BaKHEHIINe Hay4YHbIC H3JaHus,
MaTepuabl 0 UCTOPUU HAYKH.

KypHan cBSITO XpaHUT TPaJULHIO YBAXKUTEIBHO-
IO OTHOIICHHUS K MaMTU YYEHBIX, BHECHIMX BKIaa B
pa3BUTHE OTPa)KaeMbIX KYPHAJIOM MPOOJeM, UTO, KO-
HEYHO, OKa3bIBaeT BIMSHHUE Ha MOJACPKAHHE MpeeM-
CTBEHHOCTH M 3TUYECKOTO Hayasa B Hayke. MOXKHO cKa-
3aTh, YTO 3Ta TPAJHULIMS Ha4aIach ¢ HoMepa 4 )KypHaia
3a 1927 1., u3naHHOTO cpasy ke mocie 0e3BPEMEHHON
KOHUYMHBI MepBOro peaaxropa xypHaia JI.A. Tapace-
BHYa M TOCBAMIEHHOTO ero namstd. B HEM omyOiu-
KoBaHbl JnuHble BocnomuHanusg O.H. MeuHHKOBOI,
Otwena bropue, npod. Byxmrabda, npod. @.5. Yucro-
BHYa, ONHUCHIBAIOIINE XKUBOW 00pa3 OOJIBIIOro YYEHO-
ro, 4ejoBeka eHOMEHaNbHBIX JAapOBaHUN C IpeKpac-
HBIMU TYLIEBHBIMU KauecTBaMH. B 3ToM ke HOMepe B
MaMsITh CBOETO TEPBOTO PElaKTOpa COTPYAHUKHU XKYyp-
Hana omybnukoBanu (akcummie nByx nucem Jlyn Ila-
cTepa pycckoMy aokTopy BoiiHoBy. A B 1943 1. mocie
npopsiBa Onokasl JIeHMHIpaga HOMEp KypHaja ObLI
MOJTHOCTBIO MPEAOCTaBIeH padoTaM COTpyAHMKOB Jle-
HUHTPAJICKMX MHCTHTYTOB M TMOCBSIIEH MX TOTHUOIINM
BO BpeMsl OJIOKa/Ibl KoJuIeram. JTH O1aropoHble XKeCThl
HE MOTYT BbI3BaTh y COBPEMEHHBIX aBTOPOB M UUTATEICH
JKMBU uyBcTBa COMPUYACTHOCTH K BBICOKUM HJieallaM
1 ONarogapHoOCTH 3a 3TO KypHay. Yl Mbl Bce BepuM, 4To
HaIll )XypHal e Aoaro OyaeT XpaHUTh CBOU TPaAULHY,
MPOLIBETATh, CTAHOBHUTHCSA JIyUIlle ¥ OBITH IPOBOAHUKOM
COBPEMEHHBIX 3HAaHUI B 00JacTH MHUKPOOHOJIOTHH,
SMHUIEMHUOJIOTHH U IMMYHOOHOJIOTHH.

Tasnwtii pedoakmop «)Kypuana muxkpobuonozuu,
INUOEMUONOUU U UMMYHOOUOTO2UUY
axademux PAH B.B. 3sepes
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B oxts16pe 2023 1. ucnomumiocs 120 et co qHs
POXAEHNS U3BECTHOIO OTEYECTBEHHOIO AMHJIEMHUOIIO-
ra, OpraHu3aropa 3IpaBOOXpPAaHEHUs, aBTOPUTETHOTO
y4€HOro M mejarora, maBHoro snuaemuonora Cese-
po-3amagHoro, Kanuuuuckoro u 1-ro Ipubantuiicko-
ro ¢poHTOB B roabl Benukoir OTeuecTBEeHHOW BOWHBI,
IIaBHOTO pefakTopa «KypHaia MUKpOOHOJIOTHH, STIH-
JEMUOJIOTHH ¥ UMMYHOOHOJIOTHUI», 3aCITyKEHHOTO Je-
arenst Hayk Y30ekckoit CCP, npodeccopa Usana MBa-
HoBMua Enxuna (pue. 1).

OcTaHaBnuBasCh Ha INIaBHBIX MOMEHTAaxX >XKM3HU
v TBOpueckoil sestensHocTd V.U, Enkuna, HeBosbHO
ONJISIbIBACIIBLCS HA IIYTh, IIPOMICHHBIA OT€YECTBEHHOU
3MUAEMUOJIOTHEN B IPOLIIOM BEKE.

Usan Usanopuu Enxun pomuncs 13 oktsabps
1903 r. B nepeBHe bonbmas ['opka Konorpusckoro yes-
na Koctpomckoii ry6epauun. B 1921 1. oKOHUMIT HIKOTY
Y TI0 yTEBKE IYOEPHCKOTo oT/esna npodeccruoHanbHO-
ro oOpa3oBaHHs ObLIT HANIPABJIEH YYUTHCS HA MEAUIMH-
ckuil (akynpTeT HHKEropoackoro rocyaapcTBEHHOTO
yHuBepcuTeTa. llocie OKOHUaHUS YHUBEpCUTETa U
TOAWYHOM crnenuaau3auuu B MOCKBE BO3IVIaBHI Jia-
0opaTropuio TMTHeHbl TpyZla B KPa€BOM MHCTUTYTE IO
M3y4YeHUI0 U 0opbbe ¢ mpodeccnoHanbHBIMU 3a0o0ie-
BaHUAMU. Bckope OblT Ha3HAYEH 3aMECTHTENEM JUPEK-
Topa 1o y4eOHOI YacTu [OpPhKOBCKOTO MEIUIIMHCKOTO
MHCTUTYTA, TI€ OMHOBPEMEHHO C OpraHU3alel u KoH-
TpoJIeM Y4eOHOro mpolecca 3aHuMalcs MeAaaroruve-
CKOM eI TeIbHOCTBIO.

C 1934 no 1937 r. .M. Enkun pa6oran crapumm
OOJIAaCTHBIM TOCYNAPCTBEHHBIM CAHUTAPHBIM HHCIICK-
TOPOM U 3aMECTHUTEJIEM 3aBEIYIOLIEr0 00IaCTHBIM OT-
JenoM 3apaBooxpanenus Kuposckoit obmactu (puc. 2).

B 1937 . .M. Enkun 6611 HazHauen CoBETOM
HapoaHblx KomuccapoB CCCP rnaBHBIM rocynap-
CTBEHHBIM CaHUTApHBIM HHcIIeKTopoM Hapkomzapasa
CCCP.

B mepuon pabotel Bo Bcecorosnoil rocymap-
CTBeHHOI canutapHoii uucneknuu (BICU) U.U. Ex-
KHMH 3aHUMaJICSI BOIIPOCAMU TEKYILEro U Ipeaynpeau-
TEJIBHOTO0 CaHUTapHOTO HAJ30pa, MPUHUMAJ y4yacTue
B co3fgaHuu IIpoTHUBO3MMIEMHUYECKOTO YIpaBICHUS
Hapxom3npaa CCCP, na crpanunax xypHana «l'u-
THEHA U CAaHUTApHs» BBICTyHAJ C MPEAJIOKEHUIMH 110
ontumuzauuu paborel BI'CU u xputnueckumu 3ame-
YaHUAMU. BonblIylo 03a004eHHOCTh TTIAaBHOTO CaHU-
TapHOro MHcnekTopa B 1938 1. BBI3BIBaJ HENOCTATOK
CaHUTApHBIX CTAHIUI B CTpaHe: «...B IEPBYIO OdYe-
peap — B PCOCP, xak Haunbonee oTCTaBIIeH B CTPO-
WUTEJILCTBE 3TOW CeTH». bnaronaps akTHBHOM O3ULUH
Hapxomsnpasa CCCP mo stomy Bompocy B 1939 r.
OBIIO 3aMJIAHUPOBAHO JIOBECTH KOJIMYECTBO CaHUTap-
Heix yupexaenuit B CCCP no 1620, B ToM uucie B
PCOCP — no 800.

B okrsa6pe 1939 r. .U. Enkun Obu1 nepesenén
Ha paboty aupexTopoM CapaToBCKOTO MTPOTHBOYYMHO-
ro uHctuTyTa «Mukpoo». C 1940 1. mo uronp 1941 1.

ANNIVERSARIES

Puc. 1. ViBaH UBaHoBWY EnkuH.
Fig. 1. Ilvan I. Elkin.

pykoBoami j1aboparopueii B MOCKOBCKOM HHCTUTYTE
BaKLUH U CbIBOPOTOK UM. 11.1. MeunukoBa, UCIIOIHSII
00513aHHOCTH YYEHOTO CEKpeTapsi HHCTHUTYTA.

C mepsoix aneit Bemukoir OTedecTBEHHOH BOIA-
uel MU, Enkun Haxonuics B AedCTByIOmeH apMu.
B utone 1941 r. Obl1 Ha3HAUeH HAYaJILHUKOM CaHU-
TapHO-JIe3uH(peKIoHHoro noe3na. B asrycre 1941 r.
NepeBefcH Ha JOJDKHOCTh apMEUCKOTO 3IIHMIEMUOIIOra
52-it otnensHo apmun. C deBpaist 1942 r. — rnaBHbIHA
snuaemuonor Cesepo-3anaanoro, Kanuuuuckoro, 3a-
teM 1-ro [Ipubanrtuiickoro GppoHTOB.

Bo Bpemss Benukoit OTe4ecCTBEHHOW BOMHBI
W.U. Enkun 3aHuMancs 60nbIIoH NpakTHYECKol pa-
0oToM B IeiicTBylomIel apmun. B mepBslii meproa Bok-
HBI, KOTJIa Pa3BEPTHIBAHUE MEJULIMHCKUX YUPEIKICHUN
OBLIIO HAPYIICHO XOJI0M OOCBBIX JICHCTBHIA, OH IPUHHU-
MaJ ydacTue B JOPMHUPOBAHUU M OTIXKUBaHUU pado-
ThI CAHUTAPHO-TIPOTUBOIUAEMUUECKUX YUPEIKICHUI.
C nayajnoMm mepexoja COBETCKMX BOWCK B HacTyILIe-
HUE OH YCIEIIHO O0ecreyrBall IPOTUBOAIHIEMHUYC-
CKYIO 3alIUTy BOWCK. BONBIIyI0 4acTh CIIy>K€OHOTO
speMenu M.W. Enkun npoBoaun B nepeoBbIX YacTsXx,
KOHTPOJNHPYs YETKOE BBHINOJHEHME IJIaHa MPOTHUBOI-
nuaeMudeckord pabotel. [IpuHMMan HemocpencTBeH-
HOE€ y4acTHe B JIMKBHIAINU BCIBILEK WHPEKIIMOHHBIX
OoJie3Hell B OCBOOOXKAEHHBIX OT OKKyNalWW pailoHax.
[TpoBén psizt GPOHTOBBIX KOH(PEPEHITHI 110 aKTYaTbHBIM
MIPOTUBO3IUAEMUYECKUM BompocaM. OpraHu3oBbIBaj
B apMHAX U Ha (PpPOHTE MOATOTOBKY KaJIpoB — pabort-
HUKOB CaHHMTAPHO-MPOTUBOSMUAEMHUECKON CITyXKOBI.
B pesynbrare rpaMOTHOrO pyKOBOACTBA IIPOTHUBOAIIU-
JEMUYECKHMMHU MEPOTIPHUSITUSIME 3a00JIeBa€MOCTh B BO-
Hickax ObUTa MeHbIle 3a00eBaeMoCcTH BO Bpems I[lep-
BOUl MUPOBOW BOMHBI.

3a ycnemHyi paboTy B JACHCTBYIONICH apMUU
N.U. Enkun 6wt Harpaxa€éH OOEBBIMHM Harpajgamu.
B mpeacraBnennn k mnepBod OoeBoil  Harpage —
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Puc. 2. pynna rocygapCTBEHHbIX CAHUTAPHbLIX MHCMEKTOPOB Ha 1-M KpaeBoM coBeLLaHum.
CrapLunii roccaHmnHcnekTop Kuposckoi obnactv U.W. EnkuH — B cepeaunHe nepeoro paaa.
Fig. 2. A group of state sanitary inspectors at the 15t Regional meeting.
Senior State Sanitary Inspector of the Kirov Region I.I. Elkin — first row, middle.

Opneny OteuecTBeHHO# BoMHEI I crenenn — naBa-
JIOCh KpaTkoe omucaHue ero 3aciyr: «lloamonkoBHUK
M/c T. Enkun U.U. — BrIcOKOKBaIH(pUUIUPOBAHHBIN
crenuanuct snuaemuonor. Padora 1. Enkuna Hampas-
JIeHa Ha TMPOTHUBOAMMIEMHYECKYIO 3alllUTy BOICK.
Bnaronapst 6omnbinoit, sHepruuHoil padore T. Enknna
yAanoCh JUKBUAMPOBATH SMUAEMHUIO CHITHOTO TU(a
3umoit 1942-1943 rr. B 3 ymapHoi apmuu. Xoporio
OpraHM30Baj MPOTUBOINUAEMUUECKYIO 3aIIUTY BOHCK
BecHoW 1943 1. B 39 apmuu u Bo Bpems JlyXOBIIUH-
ckoil onepauuu. T. ENKuH cyMel opraHu3oBarb CUCTE-
MaTH4YECKyl0 CAaHMTApHYIO pa3BeJKy BHOBb 3aHATOMN
TEPPUTOPHH TPOTHBHUKA, CaHUTApHYIO 00paboTKy
BOICK B HacTymnarejibHO# onepauuu. binarogaps xopo-
LI OpraHu3aluy MPOTUBOIMUIEMUYECKON 3alUThI
Boiick B 1943 r. B Boiickax Kanunuuckoro ¢ppoHTa HET
snua3a00eBaHUI».

B roxst Benukoit OteuectBeHnou Boue! 1.1 En-
KMH aKTUBHO H3y4Yajl OMBIT MPOTHBOSIHAEMUYECKOTO
oOecrieueHus] BOICK, MMPOBOAMI Hay4HbIE HCCIE0Ba-
Hus. Ha ocHoBanmu miybokoro aHanuza ObuUTH 00CTO-

STEIBHO U3Y4EHBI BOMPOCH! MPOTHUBOIMUAEMHYECKOTO
o0ecrieueHus] HACTYNaTebHBIX OIepanni, SMUAEeMHO-
JIOTHYECKHE OCOOEHHOCTH M MPOQHIAKTHKA CHIMTHOTO
Tuda, OpromHoro Tuda, TU3eHTepHU, NHPEKINOHHON
JKENTYXH, TyJSIPEMUH, JIENTOCUpo3a. Pe3ynbTarel Ha-
YUHBIX uccieaoBaHui 1.M. Enkxun MpEICTaBUI K 3a-
uuTe B 1944 u 1947 rr. Ha koHKYpCe TPYIOB MO OIBITY
COBETCKOM MeIUIMHBI B rofasl Bemnkor OTeuecTBEH-
HOI BOMHBI JOKTOpcKas auccepramus WM.M. Enxuna
OblIa yIOCTOCHA JUIJIOMA U 2-i IPEMHH.

C Boiickamu 1-ro IlpubGantuiickoro ¢poHTa
W.W. Enxkun nomén no Bocrounoii Ilpyccuu. B urone
1945 r. Ob1 HampaBieH B [epMaHuIO Ha JOIKHOCTD
HayanbHUKa CaHUTApHO-3MHIEMUOIOTHYECKOTO OTJie-
nenust Otaena 31paBooxpaneHusi CoBeTCKOW BOEHHOM
agmuHuctpauuu B I'epmanuu. Ilo xoparaiictsy Hap-
kom3zzapasa CCCP (1946) 6bu1 nemobunmn3oBan u3 Bo-
OpYKEHHBIX CHJI U MOJy4H HazHaueHue B WHCTUTYT
Ouosiornyeckod nmpoduiakTuku UHQEKIuiA, npeodpa-
30BaHHBIN MO31HEee B MIHCTUTYT NEHMLIMIIMHA U JIpY-
TMX aHTHOMOTHKOB.
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C 1946 no 1950 r. U.W. Enxun pa6oran B HOBO
Jutst cebst 00acTn — paspadaTbiBai BOIPOCH A dek-
TUBHOCTH Pa3NYHbIX JIEKAPCTBEHHBIX (JOPM U METOAOB
NpUMEHEHUs] aHTUOMOTUKOB. Ilox ero pykoBOICTBOM
BriepBele B CCCP Hauanuch mMpOKHE HCCIETOBaHMS
1o a’po30iisiM aHTHOMOTHKOB. B 1955 1. coBMecTHO ¢
C.H. DiipenpmteiiHoM ObUla HamucaHa MOHOTpagus
«AdpP030J1M aHTHOMOTHKOB, UX MOJyYeHUE U KIMHUYE-
CKO€ ITPUMEHEHUEY.

B 1950-1955 rr. U.U. Enxun pyxoBomun kade-
PO snuAeMuonaoruu LIeHTpalbHOrO UHCTUTYTA YCO-
BEPLICHCTBOBAHMS Bpaueil, ObUT IJIaBHBIM PEAaKTOPOM
MunucrepctBa 3apaBooxpanenus CCCP. C 1955 . u
JO KOHIa XU3HH 3aBefoBall Kaeapoil SMHAeMHOIIO-
rum 1-ro MOCKOBCKOTO MEIUIIMHCKOTO MHCTUTYTa UM.
N.M. Ceuenora. OnoBpeMeHHO (1966—1968) paboran
3aMeCTUTENIEM IMPEKTopa o Hayke LlenTpansHOro uH-
ctutyTa snuaemuonoruu Munzapasa CCCP.

Ha BCEM mpoTsKeHUHU )KM3HEHHOTO U TBOPUYECKO-
ro nytu WM. Enxun nposoaun Gonblnyro opraHusa-
OUOHHYIO, PYKOBOISIIYIO, HAYYHYIO M Y4eOHO-METO-
nudeckyio pabory. Crimcok Tpynos MU, Enkuna Ha-
cuuThIBaeT Oonee 250 pabort, cpean HUX MOHOTpaduu,
PYKOBOJCTBA, Y4COHUKHU.

B 1956 . mox penakumeit 1.1. Enkuna B coas-
TOPCTBE C IPYTMMH ClIelMaIrcTaMu BoIILIo «PykoBos-
CTBO TIO 3allIUTE HACEJIEHHs OT 0aKTEPHOIIOTHUECKOTO
opyxkus». CocTaBUTENH PYKOBOJCTBA HCIIOJIb30BAIH
«Marepuansl cyneOHOro mpouecca Mo JAeiny OBIBIIMX
BOCHHOCIYKAIIMX SIIOHCKOM apMHH, OOBHHSIEMBIX
B TIOATOTOBKE W NMPHMEHEHUU OaKTEPHOIOTHUECKOTO
OpyKHUsD», «/JloKnan MexayHapoJHOU HAyYHOU KOMUC-
CHH TI0 PACCIICIOBaHUIO (AKTOB OaKTEPHOIOTHYECKOM
BoitHbI B Kopee u Kurae», npyrvue UCTOUHUKH, a Takxke
coOCTBeHHBIH MpakTuueckuil onbIT. K padore Ham us-
nanueM V.U, Enkun OpucTynmun mocie BO3BpalleHUs
n3 komaHaupoBkHU B Kopeiickyro Hapoano-Jlemokparu-
yeckyto PecryOnuky. 3a IpOTHBOSIHIEMHYECKYIO 3a-
muty HaceneHus npasutensctBoM KH/IP B 1951 1. on
0BT HarpaxaEH opaeHoM [ocyaapcTBEHHOTO 3HaMEHU
IT crenenu.

W.W. Enxkun MHOTO M 1mI0g0TBOPHO paboTan Haj
TEOPETHUECKUMHU BOIIPOCAMHU SMUAEMUOJIOTUH, YAETSA
0oJbIII0C BHUMAaHUE TaKUM IpoOsieMaM, Kak IpeIMeT 1
METO/1 SMUJEMHUOJIOTHH, IBUKYIIHME CUIIBI SIUeMHUYe-
CKOTO Mpolecca, COLUAIbHBIE U IPUPOJHBIE PaKTOPHI,
00yCIIOBIMBAIOLINE KOJMYECTBECHHBIC H KauyeCTBEHHbIE
M3MEHEHUs SMUAEMUYECKOr0 MpoLecca, UCTOPHS dIU-
nemuonorud. Cepus paboT Mo TEOPETUIECKUM BOIPO-
cam o6o0mieHa B MoHorpaduu «O4UepKku TEOpHUU dIH-
nemuonorum» (1960).

W.U. Enxuny npuHajiexkuT psa TOUHBIX OINpe-
JICJIEHUN TEOPETUUECKUX TMOHATANA SIUAEMHUOJIOTHUU.
He orpunas noHATHSA «3NUAEMUYECKUIN TPOLIECCY, KOTO-
poe 6bu10 nano JI.B. ['poMariieBckuM, OH PEIOKUIT HO-
BYIO MHTEpIpPETALUIO: SIHIEMUYECKUI MPOoLEecc — 3TO
PAA CBA3aHHBIX M BBITEKAIOUIMX OIWH W3 JAPYrOro 3IH-
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JEMHUYECKUX 04aroB. JIOMONHMII YHCII0 3aKOHOB 00IIeH
SMHUIEMHUOJIOTHH 3aKOHOM O MPHUPOIHOW 04aroBOCTH U
paboran Haj yCOBEPIICHCTBOBAHUEM SIHIECMHOIOTH-
YeCKOM KaccupuKauuy HHPEKIUOHHBIX O0NE3HEH.

U.U. Enkun chopmynuposa co6CTBEHHOE OMpe-
JeTICHUE SMUIEMHOJIOTHH KaK HayKu 00 OOBEKTHBHBIX
3aKOHOMEPHOCTSX, JIe)KallUX B OCHOBE BO3HHUKHOBE-
HUS, paclpoCTpaHEHHS M TMpeaynpexneHus HHeK-
LUOHHBIX 3200JI€BaHUIl B 4EJIOBEUECKOM OOIIECTBE, a
TaKKe MeToaX NMPO(UIAKTUKY W JHUKBHIALMU STHX
OosiezHeil. BiocieacTBur OHO OBUIO MOJIOKEHO B OC-
HOBY OIpEIeNeHHs], MPUHATOT0 Ha MEXIyHapOoIHOM
snuaeMuoIorndeckom cummnosuyme B [lpare B 1960 1.

B 1960-¢ rr. L.U. Enxun yrny6néuso paspaba-
TBIBAJ TCOPETHUYECKUE, OpPraHU3allMOHHbIE U METOAU-
YECKHE OCHOBBI MPOQPHUIAKTHKH U OOpbOBI C MH(eEK-
LUUOHHBIMH OOJE3HAMH, BO3MOXKHOCTH JIMKBHIALUU
OT/AENBbHBIX WHPEKIHH (Hay4yHBIH TPYA B BUAE KHHUTH
«IIpobaeMbl TuKBUAAIUN MHOEKIMOHHBIX OOJIE3HEH»
BhIIIICT B 1966 T.).

Brnaronapst paboTaM COBETCKHX YUEHBIX BO3MOXK-
HOCTh JIMKBUAALMU HWHQPEKIUOHHBIX Oone3Hel Obuia
Hay4YHO 00OCHOBaHa. YOEKAEHHOCTh B CIIPAaBEIIUBO-
CTH 3THX BBIBOAOB, a TaKke OCCLIEHHBII OMBIT OTeve-
CTBEHHOT'O 3/IPaBOOXPAaHEHMsI M0 JIMKBUIALIMH OCIIBI B
CCCP B 1930-¢ rr. mo3Bonuna akanemuky AMH CCCP
B.M. Xnanosy Beictynuth B BO3 ¢ npenioxenuem
MOPUHATH TIO0AJIbHYIO MPOrpaMMy JIMKBHIALUW Ha-
TYpaJbHOH OCITBI, KOTOpasl yCIIEIIHO 3aBEpIINIACH B
1980 r..

N.MN. Enxun JI0 KOHIIa OCTaBaJICsi CTOPOHHUKOM
«KIJIACCHYECKOW» AMHUAEMHOJIOTHH, PEIIUTEIbHO OT-
CTauBaJl HAyYHYIO MMO3HMIHUIO, 3aKIIOUAIONIYIOCS B TOM,
YTO COLMAJILHBIC YCIIOBHS KU3HH OOLIECTBA SBISIOTCS
IJIABHOM JIBIDKYIIEH CHIION 3MUAEMUYECKOTO IIpoLecca
U OIpPENCTSIOT WHTEHCHUBHOCTD, XapaKTep TEUCHHsS U
MpeKpaleHne dUIEMUIESCKOT0 Mpoliecca, a 3HaYHT, U
YpOBEHb 3200JICBAEMOCTH.

Bosbinoe 3nauenne M.W. Enxun npunasan ucro-
pUH SMHUAEMHOJIOTHH — CaMOCTOSITENIFHOH OTpaciu
MEMIIMHCKOW HAYKU, UMEIOIICH CreU(pUICSCKUi 00b-
€KT U METOJI TIO3HAHHUS, a TAK)Ke CaMOOBITHYIO KapTHHY
HCTOPUYECKOTO Pa3BUTHSL HAYYHBIX B3IIISAOB, TEOPHH,
¢axToB. M Hanmncano HeMaso paboT O KHU3HU U TBOP-
YECKOW JEATeNbHOCTH YYEHBIX, ¢ paboToi KOTOPBIX
OBLIN CBA3aHBI B)KHBIC COOBITHS B HAYYHOM MO3HAHUH
OKpYXXarolero mMupa. B MHOTOTOMHOM pPYKOBOJACTBE
[0 MHKPOOHOJIOTHY, KIMHUKE U SMHIEMUOJIOTHH HH-
(exumonnpix Oonesneit (1965, T. 5) Hanucana riaBa
«Hcropus sanuaemuonorun». B 1974 1. B coaBropcTBe
¢ B.B. ®ponoBoit uznana kuura « M. A. JleMurckuiiy, B
KOTOPOH mpuBeIcHB OMorpadus U onucaHue Bpaded-
HOM W HayuHOW nesrtenbHocTH Mnmomura AnekcaH-
Oposuya JleMHHCKOTO, TIOCBSITHBILETO CBOIO KOPOTKYIO
XKHU3Hb 00pbOE ¢ 0c000 OMACHBIMU HHPEKIHAMHU.

Ha npotsixennu psaaa netr M. Enxun u B.K. -
KyJb 3aHHUMAJINCh STHIEMHOJIOTHYECKON Teorpaduei.
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B 1961 r. O6b11a cozgana Hay4dHast 1abopaTopusi, Tae Obl-
T pa3paboTaHbl OCHOBHBIE MOJIOKEHHS 3TOr0 HOBOTO
HalpaBJeHHs HAyKH, CHOPMYIUPOBAHO YUEHHE O HO30-
apease, MPOBEJCHBI UCCIEJOBAHUA 110 HO30Teorpaduu
U KpacBOH JMUIAECMUOJIOIMHM MHOTHX WH(EKIMOHHBIX
Oonesnei. B 1964 1. paboTa 1o 3nu1eMuOoI0rHUeCKOM
reorpaduu OblIa yIOCTOCHA JUILIOMA 1MouéTa U OpoH-
30Boil mepanu BJIIHX.

B nepeune Tpynos M.U. Enkuna, HanucaHHbIX B
COaBTOPCTBE C JPYTUMH CIIELMAINCTaMU, — CTaTbH,
MOCBALIEHHBIE OMBITY Pa0OTHl CaHUTAPHO-3IUAEMHUO-
JIOTHYECKUX CTaHIMH, MOJUKIMHUK, YYaCTKOBBIX Bpa-
4eid, MeToJaM SMHUAEMHOJIOTHYECKOrO aHajiu3a W Jp.
Cpenu BOIIPOCOB YACTHOM SMUIACMHOJIOTUN HAUOOIb-
1Iee BHUMaHUE yIeIsIoCh MpobieMaM KUILIEUHbIX HH-
¢exnuii. CoBmectHO ¢ O.A. KpalieHHHHUKOBBIM U3/a-
Ha MoHorpadus «duzentepus» (1975).

OCHOBHBIM HUTOIOM IEAATrOTUYECKOU NesTeTbHO-
ctu LU, Enxuna ciysar yqeOHMKHM M PYKOBOJCTBA,
BBIJICPKABILINE HECKOJIBKO M3JIaHUN M MepeBEAEHHBIE
Ha aHIIMICKUM M KUTaucKuil s3bIkU. [Ipumepom co-
4yeTaHusi OOJBILIOTO OMBITAa IMEJArOTHYECKOH pPadOThI
u TyOoKHMX 3HaHMH cTana cepust pabor «llegaroru-
YEeCKHE Pa3IyMbs», KOTOpble ObUIM OMyONMKOBAaHbI B
«OKypHane MUKpPOOMOIOTHH, STTUAEMHUOIOTUN H HMMY-
HoOuonorum» B 1970-e rr.

Ha xadenpe smupemuonoruu 1-ro MMU um.
U.M. Ceuenosa M.U. Enxun npopa6oran 27 jer. 3a
3TO BpeMs KOJUIEKTUBOM Kadeapsl Oblia co3naHa eau-
Hasi y4eOHO-METOAWYecKas CHUCTeMa MpernoJaBaHus
snuaeMuosnioruu B MenuiuHckux By3ax CCCP. Kade-
Jpa cTaja NpU3HAHHBIM METOIUYECKUM LIEHTPOM, TIe
PETYIAPHO MOBBIIATH KBATH(UKAIMIO TPENOoAaBaTeIn
MEAMLIUHCKHUX BY30B OT aCCUCTEHTOB JI0 3aBEIYIOIINX
kadeapamu.

B 1968 r. corpynnuku Kadeapbl 3MUAEMHUONO-
run 1-ro MMU um. .M. CeueHoBa nmpuHUMAIH 3a-
BeAyIOIMX KadeapaMu SHUISMHOIOTHH U HWHCTUTY-
TOB YCOBEPILEHCTBOBAHUS Bpadyeli — JeJieratoB ce-
MHUHapa 10 BOMPOCaM TEOPUH SMHIACMHUOJIOTHU U e€
IIpenojaBaHusi, KOTOpbIi mpoxonun B lleHTpanbHOM
HWU snupemuonoruu M3 CCCP. B pabore cemunapa
MPUHSUIA y4acTHe 3aBelylonre KageapaMu dHIeMu-
oJIoTHU 23 MEAWUIUHCKUX MHCTHTYTOB U MHCTHUTYTOB
YCOBEPIICHCTBOBAHUSI BpaueH, a TakkKe 3aBEAyIOLINe
SMHUIEMUOJIOTHYECKUMH  OTAeNaMu 28 MHCTUTYTOB
SMHUAEMHOJIOTHMHA U MUKPOOHOJIOTHH, PECITyOINKaHCKUX
WHCTUTYTOB, MPEACTABUTEIH 3MUAEMHUOIOTUIECKUX
ciyx6 M3 CCCP, PCDCP u ap.

Ha cemunape oOCyXJaquch OCHOBHBIC HalpaB-
JICHUS. B Pa3BUTUH DNHJCMUOJIOTHH Ha COBPEMEHHOM
JTare, a TAKKEe COCTOSHHE MPEroAaBaHMsI SIUAEMHUO-
norud Ha Kagenpax By3oB. C JOKITagaMy BBICTYIANN
KPYITHBIE COBETCKHE 3IUACMHONOTH, CPeANn HUX IMPO-
deccop N.U. Enkun. B npeHusx no 10KIajgaM BHICTY-
Najd y4aCTHUKUH CEMHHApa, B TOM YHUCIE aKaJEMHUK
AMH CCCP JI.B. I'pomameBckuii u akagemuxk AMH

CCCP M.H. ConoBbéB — COTpYIHHKH NEpBOil Kade-
JpbI 3ntuaeMuonoruu, oprannzosanHoi J.K. 3a6omnot-
HBIM B 1920 1.

W.U. Enkun 3aHuMalncs He TOJNBKO IOATOTOBKON
OyIyIMX CHELUAIMCTOB B MEIUIIMHCKUX BYy3aX, HO H
MOHUMaJl HEOOXOIUMOCTh paclIMpeHus npodeccuo-
HaJIbHOT'O KPyro3opa Bpayeil ApyTrux CHelUuaIbHOCTEM.
Taxkyto BO3MOXXHOCTBH Tpenoctasisa «bonpmas me-
JTUIUHCKAsT SHIMKJIONEIUA», IIEHHOCTh KOTOpOM 3a-
KJTI0YaJlach B TIOYYEHHUH CIEIUATUCTOM HH(OpMaLuu
no Jr000My BOMpOCY M3 OONACTH APYTHX CIELrallb-
HocTer. B «bonblnoil MeTUIIMHCKON SHIIMKIIONEINN)
U.W. EnkusbM HanucaHsl paszieisl « JNUAEMUOIOH-
yeckuit akcriepumenT (1964, T. 34), «CanurapHas ox-
pana rpanumy (1963, T. 29), «IIpoTuBosnuaemMudeckoe
obecnieuenue Borck» (1962, T. 26).

B 1973 r non pemakuueit M.1. Enkuna B mo-
MOIIlb MPAKTUYECKUM BpadaM BBIIIJIO JBYXTOMHOE
pykoBoAcTBO «OOWas M YacTHas SMUAESMHOJIOTHS,
K paboTe HaJ KOTOPHIM OH CyMell IPHUBIIEYb BEIYLIHX
yuéHbIx crpanbl: akagemuka AMH CCCP, npodeccopa
H.H. XyxoBa-BepexHukoBa, uieHa-KOppeCHOHJIEHTa
AMH CCCP npodeccopa T.E. Bongsipesa, dieHa-kop-
pecnionnieara AMH CCCP npodeccopa U.U. Porosuna
u np. U3nanue BeI3BAJIO OOJBILION MHTEPEC Y IIHPOKO-
ro Kpyra 4MTareiieil 1 0CTaBajoCh HaCTOJIbHON KHUTOMU
HECKOJIBKUX ITOKOJICHUN IPAKTUYECKUX BpaueH.

ABTOpPHUTET Y4YEHOIO, OIPOMHBIN MPAKTHYECKUN
ombIT, mpodeccuoHalbHass OTKPBITOCTh M A0OpOXKe-
narensHocTs MM, Enkuma npupnexkanu B HaydHylo
LIKOJTY 3MHUEMHOIOTMH MOJIOABIX YU€HbIX. Cpean HUX
OBLTH MIpeJCTaBUTENH CTPaH HAPOJHOH JeMOKpaTHH —
U. Benpemwr u K. Wont (Benrpus), 0ii-Yen nu ®s3n
Cro3-Yit (Kurait), 1. Mypeman (Pympinus). MHoro
couckareneit Obu10 U3 pecnyoauk CCCP: H.U. JleGe-
neB (benopyccus), A.f. YxoB (Ykpauna), P.I1. borave-
Ba (Jlareus), IL.I. Kupees (Kazaxcran), B.3. Endpumosa
(Tamxukucran), U.YO. 'acanos (Typxmenus), 3.K. Ka-
pumos, M.B. Hesckuit, M.K. lapunos, 3.M. Amus-
3ane, S.IN Ilymaros, A K. FOngames, P.A. baxpamoga,
A.M. Kanpipos (Y30ekucran) u ap.

Ion pykoBoacTBoM mnpodeccopa M.M. Enxuna
BBINIONIHEHO Ooniee 70 muccepranmii, U3 HUX 19 IOK-
TOpCKUX. YueHukamu [Bana lBaHoBMYa mpoBeae-
HBl UCCIEJOBAaHHUA MO HOo30reorpaduu, KpaeBou 3Mu-
nemuosiorun Opyuemwieza (Yepuenko W.HM., 1962;
Acnansu PI., 1967), tennapunxo3a (Cysopos B.1O.,
1965), 6promHoro Tuda u napatudo3HbBIX 3a0o01eBa-
Huit (Conmomouukos HO.II., 1965; Myxytnunos U.3.,
1966; YxoB A.Sl., 1974), GakTepuanbHON JU3CHTECPUH
(KpamennanukoB O.A., 1969; ITagankun B.I1.,1970),
canpMmoHee30B (Jlebenes H.U., 1972).

BrLsiBeHBI 0COOCHHOCTH SMHUIEMHYECKOTO TPO-
necca OpromHOro TH(a B YCIOBUSIX HPOMBILUICHHO
pasBuBaromuxcsi paiionoB 3anamHoit Cubupwu, moka-
3aHa BBICOKAs 3()(HEKTUBHOCTH MacCOBOM MMMYHH3a-
uuu HacesneHus (3amoruH B.A., 1971). Paccmorpenst
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pOib U 3HaueHHe OAKTEPUOHOCUTENCH B SMUAEMHOJIO-
run OpromHoro tuda (OnbkoBa M.I1., 1964). N3yueHsl
BOMPOCHI aKTUBHOTO BBISIBICHHS OOJBHBIX OaKTepu-
anpHOU nu3entepueit (Oponor B.U., 1958), npuunHs
nepexosia OCTpoi Au3eHTepuu B 3arsbkHyro (Kopase-
Ba E.IN., 1957), ycoBepiieHCTBOBaH KOMILICKC IPOQu-
JIAKTUYECKHUX U IPOTUBOIUAEMUIECKUX MEPOTIPUITUI
npu nusentepun (JKorosa M.A., 1958; Jlebenes B.1.,
1964; Aukupckas A.C., 1966; [1agnora JI.U., 1972).

Uzyuyenbl 0COOEHHOCTH BNHUIAECMUYECKOTO IPO-
necca MHQEKIUOHHOTO TelaTHuTa, MOoKa3aHa BBICOKAs
snuaeMuonornueckas 3pHekTHBHOCTL TOMOJIOTUYHBIX
CBIBOpPOTOUHBIX NpenapaToB (Cnotapenko C.C., 1965 u
1971; Crenanos I'.I1., 1962).

Bnaronaps paboram B.A. Kunecco (1975) 3nauu-
TEJILHO PacIIMPHIIUCH PECTaBICHUS 00 SIHAEMHOIIO-
UM CaJlbMOHEIUIE30B. Paspaborana u ocyliecTBicHa
cUCTEMa SMHUIEMHOJIOTHYECKOr0 Haa3opa 3a calbMo-
Hesuié3amu. IIpoBeneHbl NOKIMHUYECKUE HCIIBITAHUS
CaHallMi XPOHUYECKOTO CAIbMOHEJIE3HOTO HOCUTEIb-
cra (Edumosa B.3., 1972).

UzyyeHbl STHONOTUS W SNHIECMHOJIOTHYECKHUE
0COOCHHOCTH KONU-MH(MEKUIUH, 1aH aHaau3 (GakTopos,
CHOCOOCTBYIOIINX PACHPOCTPAHEHUIO KOJIM-IHTEPUTOB
B CTallMOHAPaX U JAOIIKOIBHBIX yupekaeHusx (boruen-
ko B.JI., 1969; Kypanecuna B.B., 1971).

B KkOHTpoONHMpyeMBIX 3MUAEMUOJIOTUYECKHX HC-
CIICIOBAHUAX H3y4YeHa creuuduyeckas Mnpoduiax-
THUKa KOPU >KUBBIMH U yOuThIMH BakuumHamu (bormo-
ToBcKMii B.M., 1967). OueHeHbl HHTEHCHUBHOCTD,
NPOJOJDKUTEIBHOCTh MOCTIPUBUBOYHBIX PEaKIHN |
HanpspKEHHOCTh MMMYHHTeTa. IIpoBeneHsl uccneno-
BaHHUS UMMYHOJIOTHUECKOH 3((PEKTHBHOCTH MOHOBAK-
[UH, TUBAKIMH U aCCOLMUPOBAHHBIX BAKIMH MPOTHB
KokJoma, audrepun u cronouska (Kysnemosa JI.C.,
1960; baesa E.A., 1972).

Pa3paboranbl HayyHbIE OCHOBBI JIMKBUIALIUU 3a-
ooneBaemoctu audrepueit (XazanoB M.U, 1968), pac-
CMOTpPEHBl UMMYHOJIOTHYECKHE aCTIEKThI HOCUTEIbCTBA
Corynebacterium diphtheriae (XucamytaunoB A.T.,
1975). BoisiBieHbI 3MTUAEMHOIOTHIECKHAE 0COOCHHOCTH
ckapnaruibl B CCCP, oneHena 3¢¢eKTUBHOCTh Me-
POIIPHUATHI B OYarax, a TakKe poJib CKapIaTHHO3HBIX
PEKOHBAJIECIIGHTOB MPH PAa3IUYHBIX CPOKaX BBITHCKH
(Cyxopykosa H.JI., 1959; lononos B.H., 1972).

OxapakTepu30BaHbl  [PUPOIHO-OYArOBBIE  WH-
¢dexuuu Kazaxckoit CCP (Kupees I1.I, 1965). U3yue-
Hbl OCOOEHHOCTH SMHIEMUOJOTHA U MPOQUIAKTHKH
KkumeyHslx uHpexuuit B Y36ekckoirk CCP (Amun3a-
ne 3.M., 1964; Ilymaros S.I., 1965; Kapumor 3.K.;
1966, HOnnames A.K., 1967; baxpamosa P.P., 1968;
KanpeipoB A.M., 1970; Hesckuii M.B., 1971).

Pesynbrarel HaydHBIX MCCIEAOBAHHUM, IIPOBE-
JIEHHBIX MHOTOYMCJIEHHBIMU yueHHKamu MBana IBa-
HOBUYA EJIKMHA, MO3BOJMIIM M3y4HTh COBPEMEHHbIE
NpOosIBJICHUST 3a00JIeBAEMOCTH aKTyalbHBIMH HH(QEK-
IIUOHHBIMH O0OJIE3HSAMH, CO37aTh IPPEKTHUBHYIO CH-

ANNIVERSARIES

CTEMY 3IHUAEMHUOJIOTHYECKOT0 HAJA30pa U YIpPaBICHUS
3a0071€Ba€MOCTBIO.

Ha nporskenuu muorux netr WM. Enxun Bén
OOJIBIIYIO pEeNaKUUOHHYIO paboTy, SIBISSICH WICHOM
Hay4YHO-PEIaKIIMOHHOIO COBeTa u3jarenbcTa «Menu-
LIMHa», [IaBHBIM pegakTopoM MuHMCTEpCTBa 3/paBo-
oxpanenusi CCCP, pegakropom xypHana «luruena u
CaHUTapUA», COPEAAKTOPOM OTAENa SMHJIEMHUOIOTHH
«bonb110ll MEAUIIMHCKON SHITUKIIOIIEIUN.

C 1954 no 1982 r. Usan UBanosuu Enxun 61
[JIaBHBIM penaktopoM «KypHanma MukpoOuosoruy,
3MUAEMUOJIOTUM U UMMYHOOHOJIOTUM» — cTapeiiie-
IO HAyYHO-IPAKTUYECKOTO IMEPHOANYECKOTO H3JIaHUS
ctpansl. [lepBbIii HOMep KypHana BeIien B 1924 1. nox
Ha3zBaHueM <« KypHajd MHKpOOMOIOTHH, MATONOTUU U
HHQEKIMOHHBIX 00JIe3HEW».

C 1935 1. )xypHaun ctas Ha3bIBaThes «KypHan Mu-
KpOOUOJIOTUH, SMUACMUOIIOTHU U UMMYHOOUOJIOTHI.
B HéM mpopomkany myOIUKOBAaTHCSI HAy4HBIE PaOOTHI
[0 MUKPOOHOJIOTHH U MUMMYHOJIOTHH, HO Yalle CTallld
MOSIBJISATHCS. CTaTbH IO SMHJIEMHOIOTHH — 000011as
OMBIT MPOMUITAKTUKN HanOoJIee aKTyaJbHBIX IS TOTO
Bpemenu nHgpeknui. C 1935 r. Ha cTpaHuIax KypHaia
MyOIMKOBAJIUCh MCCIeOBaHHUs B 00JNIACTH SMUAEMHUO-
norun ceimHoro Tuda JI.B. ['poMamieBckoro m coasr.
ITocune 3aBepuienus sxkcneanuii Ha JlansHuii Boctok u
Cubupb 1 U3y4eHUs ITUOJOTUH, KIMHUKH, SMUAESMHUO-
JIOTMH BECEHHe-JIeTHEero (KJICIIeBOro) sHiedannura B
JKypHaJIe co CTaTbIMH BHICTYIIIN A.A. CMOPOIMHIIEB,
MLII. Yymakos, [I.B. ConoBbes u ap. O nmepBbIX HaXoI-
Kax SIMOHCKOro 3Huedanuta Ha JansHeM BocToke co-
o6mmn A.A. CMOpOIMHIIEB.

MHoro BHMMaHHsI Ha CTpaHMLAX >XypHaja Obl-
J0 yAeJIeHO MpO(UITAKTUYECKUM MPUBUBKAM IPOTUB
ocmbl, TudTepun, TyOepKynésa, AM3eHTEPUH, OPIOIIHO-
ro Tuda, ceponpoPuiIaKTUKe KOpH, GaronpouiaKTu-
K€ JU3EHTEPUH.

’Kypnan mponomkan BbIXOAUTH B rofsl Bemmkoit
OtedyecTBEHHOI BOMHBI. YK€ B MEpBBIH IO BOMHBI B
XKypHasie ObUTH OIyOJMKOBaHbI CTAaThU, MOCBSIIEHHBIE
YCKOPEHHBIM METO/laM JMarHOCTHKH, CEepOTepaIu,
XUMHOTEpanuy aHa’poOHOH uHGpekuun paH. B rogwl
BOIHBI ObUIM omyOnukoBanel padotel C.I1. Kapmosa,
JL.M. XareHeBepa u Jip., NOCBALIEHHBIE MU IEMHUOIOT MU
M JIMaTHOCTUKE TYJISIPEMUH, C KOTOPON MNPHUXOAUIOCH
BCTpeYaThcsl JeHCTBYIOMNM Boiickam KpacHoit Apmuu.
HawuGonee sipkumu paboramu mo npobdneMe mpoduiak-
TUKH TYJIIpEMUU BIUTUCH uccnenosanus H.A. Taficko-
ro u b.51. Dnpbepra, KOTOpBIE 3aBEPIIMIINCH CO3AaHIEM
JKUBOW IIPOTUBOTYJIIPEMUUHON BaKIIMHBL.

KpynHbeIM ocTkeHHEM HayKH BOGHHOTO BpeMe-
HU cTaja pa3pabdoTKa METOola MacCOBOTO IMOJTYYEHHS
yOuTOH BaKUMHBI POTUB chITHOTO TH(Da. Ha 3Ty Temy
B KypHaie Obuti omyOnukoBanbl ctarbu M.K. Kpon-
ToBCKOM, M.M. MaeBckoro u zp.

OcHOBHOE BHHUMaHHUE XYpHal yIensl npolieme
OCTphIX HH(MEKIIMOHHBIX OO0JIE3HEH, paclpoCcTpaHe-
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IOBUITEN

HHUIO KOTOPBIX KaK B JEHCTBYIOIEH apPMUHU, TaK U CPENH
MHUPHOTO HAaceJIeHHsI CHOCOOCTBOBAJIM YCIIOBHS BOW-
Hbl. MHOTO cTareil ObUIO MOCBSIIEHO MpodiieMe MPo-
(GUIaKTHKKH JeTCKUX MH(EKUUH B ycnoBusx Bemmkoit
OTedecTBEHHOM BOMHEI.

ITocne oxoHUaHUS BOMHBI IIEPE] OPraHaMHU 31pa-
BOOXpPAHEHMsI BCTaJIa 3a/1a4a JUKBUIALMH SMTHIEMHUYe-
CKHX IIOCJICZICTBUI BOWHBL. B s)ypHaie NosSBUIUCH CTa-
thu U.W. Poro3una, A.1. Bonkosa, A.A. YacoBHMKOBA,
N.U. Enkuna, E.. CwmupnoBa, T.E. bonasipesa u ap.,
nocBALIEHHBIE 00pBOE ¢ MHPEKIMOHHBIMU OOJIE3HIMH.

I'maBHBIMM pegakTOpaMH >KypHajla C MOMEH-
Ta BBIMycKa nepBoro Homepa Obutn JI.A. TapaceBuu,
JI.B. I'pomaiueBckuii, 1.1. Poro3un, B./[. Tumaxos,
U.W. Enxun.

C npuxo0M HOBOTO IVIABHOTO peaKTopa >KypHas
CTaJ BBIXOAUTH SKEMECSYHO, 00BEM €ro YBeIHUYHIICS 10
10 nmeyarHeix juctoB. Ha crpanuiax >xypHaia pasBep-
HYJIaCh TUCKYCCHS IO TEOPETUUECKUM BOTIpOcaM oomiei
snujaemuonorud. OHa MoMOIVIa OTEUECTBEHHBIM O3IIH-
JIEMUOJIOTaM MPUMTH K €IMHOMY MHEHHIO IO MHOTUM
BOIpOCaM TEOpHUH AMUAEMUONIOTHU. B xo1e auckyccuu
C TEOPETHUYECKUMHU CTarbsiMu BeicTynanu JI.B. I'poma-
meBckuii, E.M. Cmupnos, H.P. Jsauues, 1U.1. Enkun,
N.N. Porozun, N.U. [llatpos, H.A. XoMeHko u 1ip.

Korma B 1960-¢ rr. mepen opraHamu 3IpaBOOX-
paHeHMs BcTajla 3ajadya Mo JalbHEHIIEeMy CHI)KEHHUIO
3200JICBAEMOCTH U JIMKBUAAIUN OTJCIIbHBIX WHEKIIU-
OHHBIX OoJe3Hel, Ha cTpanuLax «KypHana MEKpoOHO-
JIOTHH, SIHUEMHOJIOTHH 1 UIMMYHOOUOJIOTHI pa3Bep-
HYJIOCh IIMPOKOE OOCYKICHWE MyTEH M METOJO0B pe-
IEHUS 3TUX BOMPOCOB. C OONBIIUMU CTAaThsIMU Ha OTY
teMy BolcTynuiu JI.B. I'pomamesckuid, I11.J]. Momkos-
cknit, I.U. Enxun, M. Poro3un, W.N. Iarpos,
[1.®. 3aponosckuii, B.M. XKnanos u np.

Ha crpaHnnax ’xypHaiza MHOrO BHUMaHMS yie-
JIATOCh OCBEIICHUIO OMBITAa MPOTHBOIIUAEMUYECKON
paboThl CaHWUTAPHO-3MUAECMHUOIOTUIECKUX CTAHIHM,
amMOyNaTOpHO-TIOIMKIMHUYECKUX  YUPESKACHUH, OT-
JenbHbIX crenuanuctoB. Lupoko obcyxaamuchk Me-
TOJBI 3MUAEMHOJIOIMYECKOTO aHaIM3a, MEIUIUHCKON
CTaTUCTHKH, NpuMeHeHue OBM B snuaeMuoioruu.
06 stoMm nucanu E.I1. TamOoBues, 1.C. be3neHexxHbBIX,
N.U. Enxun, B.51. Temskos, B.B. buproxos, NU.I1. Am-
mapuH, M.H. Tkaues, III.I. Xanun u ap.

Bonpuioe BHUMaHHE YAENSIM TEOPUM HMMYHO-
JIOTHM W Hay4YHOW pa3pa0OTKe HOBBIX IyTEH CIIEIH-
¢uueckoit nmpopunaktuku JI.A. 3unsbep, B.1. Hod-
¢e, ['B. Beiroguukos, A.A. BopoOwser. C ¢yHna-
MEHTAJIbHBIMU TEOPETUYECKUMH TPYIaMU BBICTYITHII
[1.®. 3nponoBckuii, 000CHOBABIIIHIA HOBBIC MOIXO/IbI K
[MOHMMaHUIO0 UMMYHOTEHE3a.

B cratesax A.A. Cmopoaunnesa, O.I. Anmkana-
punze, B.M. bonotosckoro, C.M. Tepexoroii, M.A. ba-
pabam u ap. 00CYKAANUCh BONPOCHI CO3JaHUSI M H3Y-
YEHUS DNUAEMHUOJIOTMYECKOW W HMMYHOJIOTHYECKOU
3¢ PEeKTUBHOCTH HOBBIX BaKUMH MPOTUB Kopu. [1Inpoko

OCBEIIANACh Ha CTAHUIIAX JKypHaa BaKMHALIWS IPOTHUB
rkokmoma (M.C. 3axapoBa, A.A. [lemuna, E.A. baesa
u 1p.). B psae crareit Obutn npencTaBieHbl 0COOCHHO-
CTH BakUUHALUKU NMpoTuB rpunmna (A.A. CMOpOJAUHIIEB,
B.4. ConoBreB, A.H. Cnemymkun, M.W. bnunoBa,
B.M. XKnanos, O.B. Baposis, T.K. boGsuiesa u ap.).

[MosiBunuCH cooO1EeHUs 0 pe3yiabTarax KOHTpPO-
JUPYEMBIX SMUACMHUOIOTHYCCKUX HCCIENOBAaHUN I10
W3yUYEHUIO HOBBIX MPOQUIAKTUYECKUX TPEenapaTos, B
YaCTHOCTH, CTaTbH, MOCBSIIEHHBIE yCOBEPIIECHCTBO-
BaHUIO BakUMH npotuB OpromHoro tuda (M.U. la-
TpoB, M.II. Ilokposckas, E.B. UYepHoxBocTOBa,
B.J. T'ekxep, H.W. KoBanesa, A.H. Memanosa u np.).
Bozpoamincs uHTepec k mpobieme crennpuaecKoi
Npo(HIIAKTUKY TU3CHTEPUU Ha 0a3e >KUBBIX BaKI[MH
(B.B. Ceprees u ap.).

Bonbiioe BHUMaHHME yAETSNIOCH U APYTHM IIPO-
¢unakTruueckuM mpenaparam. Hampumep, omyOnnko-
BAaHO MHOTO CTaTell O NPUMEHEHHH raMMa-Iio0yiInHa
JUTS TPO(UITAKTUKY WHPEKIIMOHHOTO TeNaTHTa, JPYTHX
nHpexkunonnsix 6onesneit (H.B. Xomyes, C.C. Cnora-
penxko, T.C. Iloncennosckuii, 3.K. Kapumos, U.H. 11la-
TpOBa | JIp.).

[To Bompocam MHKpPOOHMOJIOTUU OIYOIMKOBaHbBI
KPYIIHbIE TEOPETHYECKHE CTAaTbU MO M3MEHUYMBOCTH U
reHeTHke Oakrepuii u Bupycos (B.Jl. Tumaxkos, B.I. Ile-
tpoBckas, J.I. Kymmait, A.I. CkaBponckas, A.IlL. Ile-
XOB), BBIIIUIA B CBET cepusi paboT, MOCBAMIEHHBIX U3-
yuaenuto L-popm Gakrepuii (B.Jl. Tumaxos, I 5. Karan,
B.C. Jlepames u ap.).

Bonpmioe BHUMaHME yAeNsIOCh MyONUKAMKA Ma-
TEpUaJIOB 0 3THOJIOTHH, HAaTOTCHE3Y, SMUAEMHOIOTHI
u npodunakTuke psaga MHPEKIUOHHBIX 3a00JICBaHHM.
3HaYUTENBPHOE YHCIIO CTaTel ObLIO MOCBSIIEHO BOMPO-
cam ae3undekun u aesuncekipn (B.M. Bamikos u np.).

Cepust pabotr Oblia MOCBSIEHA pa3pabOTKe TEO-
PETUYECKHUX OCHOB 3MUAEMHUOIOIUIECKO reorpaduu u
YUSHHIO O IPUPOAHON OYaroBOCTH, a TAKXKe SMUAEMHUO-
JIOTHY U TPOQHIAKTHKE IPUPOTHO-04ArOBBIX O0JIe3HeH
(E.W. MMaBnosckuii, I1.A. Tlerpumesa, A.5. AnbiMoB,
U.W. Enxun, B.K. mkyns, H.I. Oncydses, }0.A. Msc-
nukoB, B.B. Amnaspun, C.M. Kymarun, ['II. Co-
moB, C.II. Kapnos, E.Il. Kosanesa, 1.B. TapaceBuuy,
H.I1. Haymos, B.U. Tepckux, B.C. Kukrenko u ap.).

Bonbmioe BHUMaHWE Ha CTpaHHMLAX >KypHaia
YACISIIOCHh BOIPOCAaM MOATOTOBKH M YCOBEPLICHCTBO-
BaHUsA KaapoB. Tak, B 1968 r. nosBUnach crares, B KO-
TOpo# Obl1a 000CHOBaHA LEJIeCO00Pa3HOCTh BBEICHUS
CHenyanyM3alil Ha CaHUTapHO-THTHEHWYECKHux (a-
KyJIBTeTaX, MHBIMU CJIOBaMH, NPEAJarajioch TOTOBUTh
HE CaHWTApHOTO Bpada BOOOIIE, a Bpada-3MuaeMU0II0-
ra, MHKpOOHOJIOra, CHEHUANUCTa MO KOMMYHaJbHOH
THTHEHE U T.1. B pasHoe Bpemst myOIMKOBaIMCH TaKKe
CTaThbU O COBEPIICHCTBOBAHUU METO/IOB MPEIOaBaHus
W ONTHMU3AIMK Y4eOHOro Ipolecca. Beiio Hemano
paboT, MOCBAIIEHHBIX UCTOPHUH SMHAEMHOJIOTHH, MH-
KPOOHOJIOTHH YU HMMYHOJIOTHH, a TAKXKE CTAaHOBJICHHIO
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Y Pa3BUTHIO CHCTEeMBbl OOpHObI M MPO(UITAKTUKU HH-
¢dexnuonnsix 6one3neit B CCCP.

K pabore «Kypnana mukpoOuonoruu, smuue-
MHUOJIOTUM MU HUMMYHOOHOJIOTHUM» OBUTH MPHUBICYCHEI
COTHH POCCHUHCKHUX M 3apyOexHbIX clielaancToB. Pe-
JaKIMOHHAs KOJUIETHs TOJIb30Bajlach yCiayramu Oonee
200 peuensentoB. JKypHal cTad 3€pKajlioM Hay4YHOM
JKU3HH, BBICTYNaJl MPOBOJHUKOM HayuYHBIX 3HAHUN U
CHOCOOCTBOBAJI MPUHATHIO MPAKTUYECKUM 3IPaBOOX-
paHeHueM Hay4yHO 000CHOBAaHHBIX PELICHHA.

WBan UBaHoBuY EnkuH GbL1 H3BECTHBIM YUEHBIM,
00naan 6OIBIINM OIIBITOM MPAKTUUECKOH PaboThI, TO-
9TOMY HEOJHOKPATHO BBIEIKANI B 3apyOeKHbIe KOMaH-
nupoBku: B 1951 . — B KH/IP ans okazanust moMoIu
HACeJICHUIO B 0ophOe ¢ anuaemusimu, B 1959 . — B
Hpak ans KOHCYNBTaTUBHOH paboOThl MO BOIpOcam
3npaBooxpaneHus. B 1960 1. oH mpeacTaBisl COBET-
CKyI0 HayKy Ha MeXayHapoIHOM 3MHAEMHOIOrHYe-
ckoM cummnosuyme B UexocnmoBakuu. Belesxan s
yreHus aekuui B IIpary u bpartuciiaBy, HEOGHOKpPaTHO
BBICTYIAJ C JIEKUUSIMU B bepinuHckoM, erHCKOM, Beii-
MapcKoM U JIEUNIUICKOM yHUBEPCUTETAX. Y YaCTBOBAI
B MeXyHapOoAHOM CHUMIO3MyME IO MPEnoJaBaHHIO
3MnuaeMuoIorum B bproccene.

HHpopmayusi 06 asmopax

Bpuko Hukonati NeaHosus™ — fa.M.H., npodeccop, akagemmk PAH,
avpekTop MHcTuTyTa obliectBeHHoro 3goposbs M. ®.®. Spucma-
Ha, 3aB. Kad. anuaeMnonorMm 1 AokasatenbHon meguumHbl [Mep-
BOro MOCKOBCKOrO rocyapCTBEHHOTO MEeAMLIMHCKOTO YHMBepcuteTa
um. .M. CeueroBa (CeuveHoBckuin YHuBepcuTeT), Mocksa, Poccus,
nbrico@mail.ru, https://orcid.org/0000-0002-6446-2744

Cokonosa TambsiHa BacunbeeHa — K.M.H., OLEHT Kad. anmaemmo-
norMn n gokasarenbHon meavuuHbl Mepsoro MockoBckoro rocyaap-
CTBEHHOIO MeauumHcKoro yHuBepcuTeta uMm. .M. CeveHoBa (Ceve-
HoBCkMI YHuBepcutet), Mocksa, Poccus,
https://orcid.org/0000-0002-4516-7918

Yyacmue aemopoe: bpuko H.N., Cokonosa T.B. — koHuenuus,

HanucaHne TeKkCTa U peaakTtupoBaHue. Bce aBTOpPblI BHECU cylie-

CTBEHHbIN BKnaa B npoBeaeHve MNOMCKOBO-aHaNUTUYECKOn pa60TbI

M NoAroToBKY CTaTbW, NMpoYnu u O,E]O6pVIJ'II/I CbVIHaJ'IbHy}O Bepcuio o
nyénukaummn.

CraTbs noctynuna B pegakumio 09.08.2023;

npuHsTa k nybnukaumm 12.10.2023;

ony6nukosaHa 28.02.2024

ANNIVERSARIES

W.W. Enkun Gbln 4eI0BEKOM C AKTUBHOM Ipak-
naHckoi nozurmeit. B 1928 1. on cran uwienom BKII(0),
MHOTO BpEMEHH yaensa oOIIeCTBEHHOH paborTe.
Bo Bpems pabGotel B I'opprkom WBan MBaHOBHY ObLI
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Abstract

Introduction. The COVID-19 pandemic, etiologically related to SARS-CoV-2, was the longest-lasting pandemic
for an acute respiratory disease and had a significant impact on demography, economics and politics globally.
Experiences with this pandemic are significant for the sustainable development of human society. A detailed
analysis of these experiences in epidemic control should include details of the pathogen evolution down to the
regional level.

The aim of the study was to establish the regularities of the COVID-19 epidemic process in connection with the
change of the pathogen genetic variants on the territory of Primorsky Krai.

Materials and methods. A retrospective epidemiological analysis of COVID-19 incidence and dynamics of
circulation of SARS-CoV-2 genetic variants during the pandemic of this disease (11.03.2020-05.05.2023) in
Primorsky Krai was carried out. Data was gathered from the Department of Rospotrebnadzor in Primorsky Krai,
the Centre of Hygiene and Epidemiology in Primorsky Krai, as well as the G.P. Somov Research Institute of
Epidemiology and Microbiology of the Russian Federation and Russian Platform for Aggregation of Information
on Virus Genomes (VGARus). In particular, 1055 nucleotide sequences of full-length SARS-CoV-2 genomes from
Primorsky Krai, among which 553 were sequenced at the G.P. Somov Research Institute of Epidemiology and
Microbiology were included in analysis.

Results. When analyzing the epidemic dynamics of COVID-19 in Primorsky Krai (2020—2023), 7 rises in incidence
with different clinical and epidemiological symptoms depending on the genetic variants of the pathogen were
identified. At the beginning of the pandemic in Primorsky Krai, as well as throughout Russia, Wuhan-like variants
of SARS-CoV-2 were predominant, though later, Delta and Omicron genetic variants were in the majority. By
the end of April — beginning of May 2023, the proportion of Omicron sub-variants (XBB.1.9.2 and XBB.1.16) in
Primorsky Krai was higher than the Russian average and comparable to that in neighboring countries (Republic
of Korea and Japan).

Conclusion. Due to the ongoing evolution of SARS-CoV-2, the possibility of the emergence of new pathogens,
the peculiarities of the geographical location as well as political and economic importance of Primorsky Krai, it is
necessary to consistently improve regional capabilities for operational molecular virological monitoring.

Keywords: SARS-CoV-2; COVID-19; Primorsky Krai; disease incidence; whole genome sequencing; genotypes
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FfeHoTUNUyeckuin noptpet SARS-CoV-2 Ha TepputTopun
NMpumopckoro Kpas B nepuon nangemuun COVID-19

Monoga A.10.", LlenkaHoB M.10.2*¥, Kpbinosa H.B.??, benuk A.A.2, CemenknHa J1.M.?4,
3anopoxey T.C.2, CmoneHckun B.1O.', Mepcnaxosa E.B.%, NMpocaHHukosa M.H.%, benos 10.A.%3,
WyHuxnHa O.B.?, MNotT A.B.2, Xomnuyk T.0.%, CumakoBa A.U.>, AbpamoBa C.A.2, PomaHoBa O.B.%,
JetkoBckas T.H.5, Kpbikanosckuin C.M.7, [becegHoBa H.H.[]>7

'®epepanbHasn cnyx6a No Haa3opy B cdhepe 3alnTbl paB NoTpebuTtenen n bnarononyuns yenoseka, Mockea, Poccus;
2HUW snugemuonorumn n mukpobuonorum nm. I.1N. Comosa, BnagnsocTtok, Poccus;

3[lanbHeBOCTOUHbIV pefepanbHblil yHBEpPCUTET, BnagneocTok, Poccus;

“UeHTp rurveHsl 1 anngemuonoruu B NMpumopckom Kpae, BnagusocTok, Poccns;

*TuXOOKeaHCKNIA rocyAapCTBEHHbIV MeMLMHCKNIA yHBepcuTeT, BnagmsocTok, Poccus;

SYnpasneHue QefepanbHon cy0bl MO Hag30py B chepe 3awuTbl Npas noTpebuTenein n 6narononyumsa yenoBeka

B [pumopckom Kpae, Bnagusoctok, Poccus;

"MepuunHckoe obbefrHeHne [lanbHEBOCTOUHOIO oTAeNeHna Poccuninckon akagemnmy Hayk, Bnagusoctok, Poccus

AHHOmMauus

BeepeHue. Mangemusa COVID-19, atnonormnyeckn ceszaHHasa ¢ SARS-CoV-2, ctana camoi NpoaormKUTenbHOM
AN OCTPOro pecnupaTtopHoro 3aboneBaHMs 1M okasana 3amMeTHOe BO3OENCTBUE Ha AeMorpadumio, 3KOHOMUKY 1
NnonuTMKY B MMPOBOM MacluTabe. Ypoku 3Tol NaHAEMUN UMEIOT BaXXHOE 3HaYeHue AN YCTOMYMBOrO pas3BuUTUS
yernoBeyeckoro obuectsa. MogpobHbI aHanM3 NPUoGPETEHHOIO OMbITa MO KOHTPOSO ANUAEMUYECKOro NpoLec-
ca [OIMKEH BKIHYaTh AeTanu3aumio 3Bonoumm Bo3byanTens BnoTb 40 PEMMOHANbHOIO YPOBHSI.

Lenb uccnegoBaHus — ycTaHOBMNEHME 3aKOHOMepHoCcTeln anngemunyeckoro npouecca COVID-19 B cBsian co
CMEHOW reHoBapuaHToB BO30yanTens Ha TeppuTopun NprMMopckoro Kpasi.

Martepnanbl u metoabl. [1pOBEedEH pPETPOCMEKTMBHBIN 3NMAEMUONIOTMYECKUA aHanmM3 3aboneBaemMocTu
COVID-19 u guHamukn umpkynsuum reHoBapuaHtoB SARS-CoV-2 B nepuog naHgemun atoro 3aboneBaHus
(11.03.2020-05.05.2023) Ha TeppuTopumn NprmMopckoro kpas. Vcnonb3oBaHbl AaHHblE YnpaBneHusa Pocrnotpeb-
Hafa3opa no NpumopckoMy Kpato, LieHTpa rurneHsl 1 anngemmonorun B NMpumopckom kpae, HAW anngemmnonorum
1 mukpo6uonorumn um. .M. ComoBa PocnotpebHagsopa u Poccuiickoi nnatdopMbl arperaumm nHopmaumm o
reHomax BupycoB (VGARus), B yacTHocTu 1055 HykneoTuaHbIX NocrneaoBaTenbHOCTEN NONHOPa3MepHbIX reHo-
MoB SARS-CoV-2 n3 NMpumopckoro kpasi, cpeam KoTopbix 553 Obinu cekBeHupoBaHbl B HAW annaemuonorun un
Mukpobuonorum um. I.IN. Comoea.

PesynbraTthbl. [pu aHanuse anngemuyeckon amHammkn COVID-19 B MNpuMopckom kpae (2020-2023 rr.) Bbiage-
neHbl 7 NogbEMOB 3ab0NeBaeMoCTV C PasNUYHbIMK KIMHMKO-3MNOAEMUNONOrMYECKMMU MPOSIBNEHNSIMU B 3aBU-
CMMOCTW OT reHoBapuaHToB B030yauTens. B Havane naHaemun B [NpumMopckom Kpae, kak u no Bcew Poccuu,
OOMUHMpPOBanu YxaHb-nogobHele BapnaHTbl SARS-CoV-2, B AanbHenwem — reHoBapuaHTbl Delta u Omicron.
K koHuy anpensa — Hadany masa 2023 r. gonda cybsapuaHToB Omicron (XBB.1.9.2 n XBB.1.16) B Npumopckom
Kpae 6blna Bbllle, YeM B cpeHeM no Poccuu, 1 conocTtaBrvMa C TakoBOW B conpeaernbHbix cTpaHax (Pecnybnuka
Kopes n Anonus).

3akntoueHume. B cBa3n ¢ npogomxkatowenca apontounen SARS-CoV-2, BOSMOXXHOCTBIO NOSIBNIEHMS HOBbIX MaTo-
reHoB, 0COBEHHOCTAMYU reorpanyecKoro pacrnonoXeHNs U NONMUTUKO-3KOHOMMUYECKOTO 3HaveHus Mpumopckoro

© Monoga A.10., WenkarnoB M.10., Kpbinosa H.B., Benuk A.A., Cemenkura J1.M., 3anopoxeu T.C., CmoneHckuii B.1O., MepcusiHosa E.B.,
MpocsaHHukoBa M.H., Benos 0.A., UyHnxuHa O.B., MotT A.B., XoMmuuyk T.®., Cumakosa A.U., Abpamosa C.A., PomaHosa O.B.,
Oetkosckas T.H., KpbbkaHoBckuii C.IM., BecegHosa H.H., 2024
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Kpada HeobxoQuMo nocrnefoBaTernbHO coBepLleHCTBOBaTb perMoHasribHble BO3MOXHOCTU onepaTtuBHOIO MOJEKy-

NAPHO-BNPYCONOrM4eCcKoro MOHUTOPUHra.

KnroueBble cnoBa: SARS-CoV-2; COVID-19; lNpumopckull kpal; 3aboreeaemMocms; osIHO2EHOMHOE CEK8EHU-

posaHue; eeHomuribl

Amuyeckoe ymeepxdeHue. ViccrneqosaHne npoBoAMIoch nNpu 4o6poBoribHOM MHEPOPMUPOBAHHOM Corflacum nauu-
eHTOoB. [poTokon nccnegoBaHus ogobpeH dTndeckum kommtetoM HAW anngemuonorum n mukpoduonorum um. .1N. Co-
moBa (npotokon Ne 2 ot 16.11.2021).

HNcmoyHuk ¢puHaHcupoeaHusi. PvHaHCHpoBaHWe paboTbl OCYLUECTBAANOCL MO rocyAapcTBeHHoMy 3agaHuio HAU
anugemuonoruu u Mukpobuonorum um. .M. Comosa B pamkax HAP «MonekynsipHo-reHeTu4eckme u heHoTUnnyeckme
cBoncTBa Bo3byauTenen pecnmpaTtopHbiX MHeKUMIA. Monck aheKTUBHBIX COEANHEHNIA N3 HA3EMHOW 1 MOPCKOW Bro-
Tbl [lanbHero BocToka ans pa3paboTku cpeacts npodunakTuki u nevexmnsay» (per. Ne 122041800135-3) n depeparnb-
Horo npoekTa «CaHuTapHbI WKMT — 6e3onacHOCTb AN 300poBbs (MpeaynpexaeHne, BbisiBNEHNe, pearnpoBaHmne)»
B pasgerne nonosiHeHns «HaunoHanbHOro aNeKTPOHHOTO KaTanora NaToreHHbIX MUKPOOPraHN3MOB U BUOTOKCUHOBY.

KoHgpbnnukm unmepecoe. ABTOpbI eKNapuUpyoT OTCYTCTBUE SIBHLIX W MOTEHUMANbHBLIX KOH(MMKTOB UHTEPECOB, CBS-
3aHHbIX C Nybnukaunen HacTosLLEen CTaTbu.
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Introduction

Coronavirus disease 2019 (COVID-19) is etio-
logically related to Severe acute respiratory syndrome
coronavirus type 2 (SARS-CoV-2; Nidovirales: Coro-
naviridae, Betacoronavirus, subgenus Sarbecovirus)
[1, 2] and resulted from the pathogen crossing the inter-
species barrier and entering the human population from
bat populations (Chiroptera, Microchiroptera) [3, 4].
COVID-19 caused the longest (11.03.2020-05.05.2023,
or 1150 days), largest (over 750 million confirmed cases)
and one of the deadliest (about 6 million deaths) acute
respiratory disease pandemic in human history [3, 5].
The COVID-19 pandemic was the first to be associated
with a coronavirus of bats (Chiroptera) [1, 6], the second
largest mammalian group after rodents, with a number of
unique evolutionary features [7-9], the epidemiologi-
cal significance of which became clear only in the early
21st century after the epidemics caused by SARS coro-
naviruses (Nidovirales: Coronaviridae, Betacoronavi-
rus, subgenus Sarbecovirus) [1, 10] and Middle East
respiratory syndrome (Nidovirales: Coronaviridae,
Betacoronavirus, subgenus Merbecovirus) [11, 12].

The COVID-19 pandemic stimulated the wide-
spread introduction of molecular genetic [13, 14] and
information [15, 16] technologies into the practice of
anti-epidemic measures. With the degradation of broad
international relations in the early 2020s, exacerbated
by the pandemic, and the declining authority of inter-
national organizations, including the World Health
Organization (WHO), the Russian Federation was
forced to deploy its own national molecular genetic
data platform, the Virus genome aggregator of Russia
(VGARus), developed by the Federal Service for Su-
pervision of Consumer Rights Protection and Human
Welfare (Rospotrebnadzor). VGARus was put into ope-
ration at the Central Research Institute of Epidemio-

logy of Rospotrebnadzor by the Order No. 448 of the
Russian Government from 23.03.2021. By the end of
2023, more than 150 organizations were registered in
the system, carrying out its replenishment; the data-
base contains more than 300 thousand nucleotide se-
quences of SARS-CoV-2, more than half of which are
full-length viral genomes [14, 17]. Thus, unlike even
the last influenza A (HIN1 pdm09) (Articulavirales:
Orthomyxoviridae, Alphainfluenzavirus) pandemic
(2009-2010) [18], when molecular genetic methods
were actively used to monitor the infectious process,
the COVID-19 pandemic was the first global epidemic
process that was characterized in detail using real-time
whole-genome sequencing data (at least in developed
countries) [14, 17, 19].

Russia, being the largest territory in the world,
has an enormous regional diversity of natural, clima-
tic and socio-demographic conditions, which should
be taken into account in the process of epidemiological
analysis of infectious disease dynamics. For example,
Primorsky Krai (PK), located in the south of the Rus-
sian Far East (practically at the latitude of the Crimean
Peninsula), is characterized by a unique monsoon tem-
perate climate formed by a latitudinal climatic anoma-
ly due to the cold Primorsky Current flowing through
from the Tatar Strait. The PK provides convenient access
via non-freezing ports (Vladivostok, Vostochny, Zarubi-
no, Nakhodka, Posyet) to the dynamically developing
Asia-Pacific region and is traditionally closely connected
with the north-eastern provinces of the People's Republic
of China by all means of transport. The administrative
center of the PK, Vladivostok, being the capital of the
Far Eastern Federal District, is well recognized both in
Russia and abroad due to its free port status and the pres-
ence of the Far Eastern Federal University, one of the
largest educational facilities in the Asian part of Russia.
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The aim of this study is to analyze the regulari-
ties of the COVID-19 epidemic process development in
the PK territory during the pandemic period of this dis-
ease with the help of molecular genetics (2020-2023).

Materials and methods

Nasopharyngeal swabs for PCR testing and ob-
taining viral strains were collected from people living
in the PK territory. Biological material was collected
by qualified personnel who had undergone preliminary
training and regular skills testing on rhinolaryngologi-
cal simulators [20, 21]. The study was conducted with
the voluntary informed consent of the patients. The
study protocol was approved by the Ethical Commit-
tee of the G.P. Somov Institute of Epidemiology and
Microbiology (protocol No. 2 of November 11, 2021).

SARS-CoV-2 RNA was detected by reverse trans-
cription followed by quantitative polymerase chain re-
action (RT-qPCR): RNA isolation was performed man-
ually using the M-Sorb-NK reagent complex (Syntol)
or (in case of large amounts of samples) at the AutoPure
96 automatic station (Hangzhou Allsheng Instruments
Co.), RT-PCR-SARS-CoV-2 reagent kit (Syntol). Posi-
tive samples intended for subsequent use for research
purposes were stored at —20°C while maintaining the
cold chain.

Sequencing of full-length SARS-CoV-2 genome
was performed for positive samples with threshold cy-
cle in primary PCR testing C, < 25 on the Nanopore
technology platform [22, 23] according to ARTIC
SARS-CoV-2 v3 protocol: reverse transcription was
performed using the Midnight RT-PCR Expansion kit;
amplicons were obtained and coded using 29 pairs of
overlapping primers and the Rapid Barcoding Kit 96
(SQK-RBK110. 96); cDNA purification was performed
on AMPure XP beads magnetic particles; the resulting
genomic libraries were sequenced on a MinION instru-
ment using FLO-MIN106 R9.4.1 cells (Oxford Nanopore
Technologies). The obtained data in FASTS format (the
MinKNOW software package was converted to FASTQc
format using the Guppy v. 6.3.8 program). SARS-CoV-2
genomes were assembled in FASTA format by align-
ment with reference sequences from VGARus using
the Epi2me v. 22 software package and the ARTIC v. 1
module. To assess the quality of the assembled sequen-
ces and genome distribution among lineages, the Next-
clade and Pangolin COVID-19 Lineage Assigner v. 4.3
services were used. Sequences in which the number of
unrecognized or ambiguous nucleotides was more than
10% of the full genome sequence of SARS-CoV-2 were
excluded from the sample for analysis.

Phylogenetic analysis of nucleotide sequences
was performed after multiple alignment using MAFFT
v. 7.475 by the "neighbor joining" method [24] using
the MEGA v. 11.0.13 software package at the bootstrap
support level of 1000 repetitions. Visualization of the ob-
tained data was performed using the iTOL v. 6 service.

ORIGINAL RESEARCHES

Isolation of SARS-CoV-2 strains was performed
from qPCR-positive samples of nasopharyngeal wash-
ings, clarified by low-speed centrifugation and filtered
through Millex (Merck) nozzles with a pore diameter
of 0.22 um, on the Vero E6 cell line model (kidneys
of the African green monkey), which was cultured in
plastic tubes (Nunc) with a slanted bottom of 5.5 cm? in
DMEM medium (BioloT) supplemented with 1% fetal
calf serum (PanEco), 100 U/ml gentamicin at 37°C in
an atmosphere of 5% CO, [25, 26]. The efficiency of vi-
rus isolation was evaluated by decreasing the threshold
cycle of PCR in 3 consecutive passages. On the 5" day
after infection, the culture fluid was taken for RT-qPCR
(after the 3™ passage, we additionally determined 1g of
the 50% tissue culture infectious dose (Ig TCID, ) using
the MTT test).

The MTT assay was used to assess the survival
of Vero E6 cells under the influence of different di-
lutions of the virus when evaluating the infectious
titer of SARS-CoV-2 strains after the 3™ passage.
The essence of this method is the ability of viable
cells to convert the highly soluble yellow bromide
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
(MTT) into insoluble intracellular crystals of
(E, Z)-5(4,5-dimethylthiazol-2-yl)-1,3-diphenylfor-
mazan (MTT-formazan) under the action of intracel-
lular dehydrogenases [27, 28]:

MTT MTT-formazan

On the 5" day after infection, 20 ul of 5 mg/ml
MTT solution (Sigma-Aldrich) was added to the wells
with cells in a 96-well plate (Merck); incubated at 37°C
in an atmosphere with 5% CO, for 2 hours; after re-
moval of culture media, 150 pl of isopropyl alcohol
acidified with 0.4 M HCI was added to the wells; the
optical density in the well was determined at 540 nm
(near the absorption maximum of MTT-formazan) with
subtraction of the background value at 620 nm using a
tablet reader (Labsystems). The cytopathogenicity level
(CPL) of the strain in a particular dilution was calculat-
ed according to the following formula:

CPL=(1 _D, ) x 100%,
DO

where D — optical density of the infected sample;
D, — optical density of uninfected cell culture.

The infectious titre of the strain was defined as
the limiting dilution of the initial virus-containing li-
quid recorded in the experiment, for which CPL > 0
(inequality to zero was assessed by Student's t-test at a
significance level of p = 95% and 8-fold repetitions of
each dilution of the virus-containing liquid).
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Epidemiological analysis of COVID-19 inci-
dence in PK from 20.04.2020 to 30.06.2023 was based
on data from the Department of Rospotrebnadzor for
Primorsky Krai, the Centre for Hygiene and Epidemio-
logy in Primorsky Krai', in Russia — on data from the
official website of Rospotrebnadzor? and the Russian
information portal Stopcoronavirus®. Information on
the distribution of genetic variants of SARS-CoV-2 in
Russia was used from the review and analytical work
[17, 19] and the Russian database VGARus, in East-
ern Asian countries — from the international database
GISAID*.

Statistical processing of data was carried out us-
ing the following functions from the MS Excel 2010
software package: sample size (n); arithmetic mean
(M); standard error of mean (m); median (Me); lower
(25%) quartile (LQ); upper (75%) quartile (UQ); inter-
quartile range (LQ-UQ). The normality of distribution
of quantitative signs was tested using the Shapiro—
Wilk W-test; Student's t-test (at the significance level
of the alternative hypothesis p = 0.05); Mann—Whitney
U-test [29, 30].

The method of principal components as a way
to find a subspace of lower dimensionality, in projec-
tion on which the initial data have the smallest spread
of quadratic deviations [31, 32], was applied using the
software packages "Statistica v. 7.0" ("StatSoft Inc.")
and "Mathworks Matlab R2007b" software packages.

Results

Indication of SARS-CoV-2 RNA in nasopharyn-
geal washings during the COVID 19 pandemic in PK
territory was carried out in 24 laboratories (including
5 private laboratories): 3,007,009 RT-qPCR tests were
performed, of which 399,821 (13.3%) were positive’.
The obtained information was integrated for operation-
al analysis in the epidemiological units of the Centre for
Hygiene and Epidemiology in Primorsky Krai and the
Primorsky Krai Department of Rospotrebnadzor.

The full-genome nucleotide sequences of SARS-
CoV-2 obtained from samples of biological material col-
lected on the territory of the PK during the COVID-19
pandemic are presented in Table 1. In addition to 553
genomes sequenced at the G.P. Somov Research In-

' Rospotrebnadzor reporting form No. 970 "Information on cases
of persons with suspected coronavirus infection", report No. 1076
"Summary report on COVID-19 cases in the regions".

URL: https://www.rospotrebnadzor.ru/region/korono_virus/epid.
php

URL: https://cTonkoponaBupyc.pd/

4 URL: https://gisaid.org

The number of RT-qPCR-positive samples should not be
associated with the number of patients with COVID 19: in 2020,
patients were examined an average of 3.6 times, as at that time
patients were discharged after a double negative result, which
was not achieved the first time; in 2021, discharge started to
be performed after a single negative result and later on upon
recovery.

stitute of Epidemiology and Microbiology within the
framework of the Federal Project Sanitary Shield of
the Country — Safety for Health, another 502 genomes
were sequenced in other scientific institutions, to which
RT-qPCR-positive samples from the Center of Hygiene
and Epidemiology in Primorsky Krai were sent in ac-
cordance with the Order of Rospotrebnadzor®.

The results of phylogenetic analysis of full-length
SARS-CoV-2 genomes from the PK territory (Table 1),
shown in Fig. 1, a, indicate differentiation into genetic
variants according to the Pango (Fig. 1, ) and WHO
(Fig. 1, ¢) classifications.

The epidemic dynamics of COVID-19 in connec-
tion with the change of SARS-CoV-2 genetic variants
on the territory of the PK (2020-2023) is presented in
Fig. 2 and Table 2: as in Russia as a whole, the rise
in COVID-19 incidence during the pandemic period
of this disease (11.03.2020-05.05.2023), which began
with large megacities [17, 19], had a pronounced wave-
like character with 7 epidemic periods.

In PK, the first case of COVID-19 was registered
on 21.03.2020 (a 30-year-old woman, Russian citizen,
living in Vladivostok, who returned on 15.03.2020
from a business trip to Cancun, Mexico), and as of
05.05.2023, 217,196 cases of this disease were docu-
mented.

Generally speaking, the dynamics of the epide-
mic process in the region corresponded to the average
in Russia (Fig. 2, Table 2), but with some delay (about
2 weeks) compared to the central regions of the country
(similarly to the spread of pandemic influenza A (HIN1
pdm09) [18]). The first rise in COVID-19 incidence in
PK was characterized by a slow increase over 13 weeks
with a peak at week 29. In Russia, this process deve-
loped more rapidly — the peak incidence was registered
already in 5 weeks from the beginning of the upsurge
with a local maximum in 19 weeks. The slower deve-
lopment of epidemic growth in PK was primarily due
to the introduction of strict regime-restrictive measures.
During this period in Russia, mainly Wuhan-like vari-
ants of the pathogen were isolated from COVID-19 pa-
tients: B.1.1 (62.0%), B.1.1.317 (3.3%). In PK, most
of the virus genetic variants also belonged to the B.1.1
(26%) and B.1.1.x (B.1.1.317 and B.1.1.277.2) line-
ages — 74% (Fig. 2, Table 3).

During wave 11, the increase in incidence in both
PK and Russia was slower — 11 and 17 weeks, with
peaks at weeks 50 and 52, respectively. The proportion
of B.1.1 in Russia decreased to 33.7%, while the pro-
portion of B.1.1.317 and B.1.1.523 increased to 21.3%;
new genetic variants appeared: Alpha (B.1.1.7) —
7.2% and Delta (B.1.617.2) — 1.6%. In PK, the B.1.1
genetic lineage dominated during this period (68.4%);

¢ Order of Rospotrebnadzor of 19.02.2021 Ne 56 "On improvement
of molecular genetic monitoring for strains of the causative agent
of a new coronavirus infection".
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Table 1. Data on full-genome sequences of SARS-CoV-2 detected in the territory of Primorsky Krai (2020—2023)
in the VGARus database

G.P. Somov Institute of

State Research Center of Virology

Institute of Influenza

Year Ep|demlo(l\c;glggd?vr;itl\élll((;roblology and Blo('ﬁgccr)lglt())i?gk)Vector (St.-Petersburg) Total
2020 173 2 23 198
2021 90 1 1 102
2022 105 158 306 569
2023 185 0 1 186
Total 553 171 331 1055

®B.1.1+B.1.1x

=B.1.617.x = Wuhan
BA.1.X u Delta

mBA2.x 59,7 Omicron

mBA.5.x

m XBB.x

Fig. 1. Genotyping of 804 full-genome SARS-CoV-2 nucleotide sequences identified in Primorsky Krai (2020—2023).
a — phylogenetic tree; b — distribution according to Pango genetic lines; ¢ — distributions according to WHO genovariants.

other gene variants B.1.1.x (primarily B.1.1.317 and
B.1.1.277.2) together accounted for 31.6%. In 2021, the
periods of rises in incidence were shorter but characte-
rized by a more intensive development of the epidemic
process. At that time, III and IV rises of incidence rates
were registered in PK with peaks at 27 and 48 weeks,
respectively; in Russia, the III rise lasted on average

100
N
80
70
60
50
40
30

Distribution of SARS-CoV-2, %

20
10

0
Number of week

Epidemic period

Year

4 months with the maximum incidence rate at week 29,
the IV rise — from September to January 2021. During
this period, the process of changing the biological
properties of the pathogen was actively underway: the
percentage of the Delta genetic variant (B.1.617.2.x)
increased to 93-97%, practically displacing all previ-
ously circulating lineages.

1000
900
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100

Incidence rate of COVID-19 (per 100,000 population)

Fig. 2. Incidence of COVID-19 and genetic diversity of SARS-CoV-2 on the territory of Primorsky Krai (2020—2023).

Left ordinate;: mmmm B.1.1 + B.1.1.x;

B.1.617.2.x; mmmm BA 1.x;
Right ordinate: =====in Primorsky Krai;

BA.2.x; mmmm BA 5 x; =mmm XBB.x.
in a whole Russia.
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Table 3. Distribution of SARS-CoV-2 genetic variants by COVID-19 pandemic periods on the territory of Primorsky Krai

and a whole Russian Federation (2020-2023).

Genovariants, %
Period Territory Number Wuhan Alpha Delta Omicron
of samples B+ not found in PK
B11.x B.1.1.7x | B.1.617.2.x | BA.1.x BA.2.x BA.5.x XBB.x
PK 23 100,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
! RF 1701 65,3 0,0 0,0 0,0 0,0 0,0 0,0 34,7
PK 201 100,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
! RF 7417 55,0 7,2 1,6 0,0 0,0 0,0 0,0 36,2
PK 30 3,3 0,0 96,6 0,0 0,0 0,0 0,0 0,0
" RF 10,602 5,1 2,5 89,6 0,0 0,0 0,0 0,0 2,8
PK 46 2,2 0,0 97,8 0,0 0,0 0,0 0,0 0,0
W RF 23,315 0,1 0,0 93,5 6,1 0,0 0,0 0,0 0,3
PK 368 0,0 0,0 334 48,9 17,7 0,0 0,0 0,0
Y RF 24,416 0,1 0,0 11,4 38,9 42,5 6,2 0,0 0,9
PK 201 0,0 0,0 1,0 0,0 1,0 98,0 0,0 0,0
v RF 28,300 0,0 0,0 0,0 2,1 11,4 85,7 0,7 0,1
PK 130 0,0 0,0 0,9 0,0 2,7 1,1 96,2 0,0
v RF 4928 0,0 0,0 0,0 1,5 0,3 35,9 62,3 0,0

Note. PK — Primorsky Krai; RF — Russian Federation.

The fifth rise in incidence in Russia as a whole
and in PK was characterized by a sharp increase —
the peak of incidence was reached 4 and 5 weeks after
the beginning of the rise. The incidence rates during
this period were significantly (p < 0.05) higher than
in the previous periods. This increase was due to the
combined circulation of the outgoing Delta variant
(B.1.617.2.x) and the first two lineages of the Omi-
cron variant (BA.1.x and BA.2.x). By the end of Pe-
riod V, the dominance of the Omicron variant was es-
tablished worldwide. Omicron BA.5.x sub-lineages,
the percentage of which increased up to 90%, caused
the VI upsurge of disease incidence in different re-
gions of Russia. At the same time, both in PK and in
Russia as a whole, the course of the epidemic process
differed from the previous period by a lower intensity
and speed of reaching peak indices. During the VII pe-
riod there was a further decrease in the intensity of the
epidemic process. The maximum value of the peak in-
cidence rate on average in Russia was registered in the
8" week, in PK — in the 9™ week from the beginning
of the massive increase. During this period, the diver-
sity of Omicron sub-variants increased significantly,
one of them (XBB) spread rapidly around the world
[33]. By the end of January 2023, XBB.x sub-variants
prevailed in Russia as a whole as well as in PK, and
their percentage in the structure of Omicron sub-vari-
ants increased to 62.3 and 92.8%, respectively.

When analyzing the clinical symptoms of
COVID-19 in PK, much like in Russia as a whole,
infections of mild (68.4 and 54.2%, respectively) and
moderate (29.3 and 42.7%) severity prevailed. The per-
centage of severe forms was 2.3 and 3.1%, respective-
ly. The first wave was characterized by a high propor-
tion of pneumonias (20.9%) and asymptomatic forms
(30.3%), the proportion of severe forms was 2.1% (Ta-
ble 2). As the epidemic process developed in wave 1,
the highest proportion of severe forms of the disease
(5.8%) was observed over the entire observation peri-
od, the proportion of non-nosocomial pneumonias was
17.7%. During the subsequent periods, the proportion
of non-nosocomial pneumonias gradually decreased
from 16.2% in wave III to 1.9% in wave VI. The per-
centage of severe forms of pneumonia also decreased
from 3.1% to 0. It should be noted that the percentage
of moderately severe forms of COVID-19 course was
distributed unevenly over the periods of the upswing:
it increased from I to III period (from 31.5 to 36.5%),
decreased to 12.1% in VI period and increased again to
25.1% in VII period.

Inepidemic period VII (May 2023), the XBB.x vari-
ant, first registered on 31.01.2023 (XBB.1.14 lineage),
prevailed in PK, by the end of March — XBB.1.5.24
lineage, a subspecies of variant XBB.1.5 (Kraken), by
05.05.2023 the XBB.1.9.1 (Hyperion) variant became
dominant (Fig. 3). It is particularly important to note
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Fig. 3. Genetic diversity of SARS-CoV-2 in Primorsky Krai from January to May 2023.

the high proportion of the XBB.1.5.24 (9% in PK and
6% in Russia as a whole) and XBB.1.9.1 (45 and 51%,
respectively) variants, which contrasts sharply with the
genetic landscape of SARS-CoV-2 strains in the neigh-
boring countries of South-East Asia (Fig. 4). This pat-
tern may be a consequence of the timely introduction
of strict restrictive measures in Russia, including the

Fig. 4. Genetic diversity of SARS-CoV-2 in Primorsky Krai,
whole Russia, and neighboring countries of East Asia on
the eve of the official end of the pandemic on May 05, 2023
(figures in the sectors of pie charts correspond to the percent
portion of this genovariant according to GISAID).

cessation of transport links with Asia-Pacific countries,
while the relative freedom of transport links between
Russia and Europe as well as PK and central Russia
was maintained throughout the pandemic.

Isolation of SARS-CoV-2 strains was success-
fully performed from 151 samples of RT-qPCR-posi-
tive nasopharyngeal washings (isolation efficiency was
151/217 = 69.6%). The obtained viral strains were de-
posited in the collection of pathogens of the G.P. Somov
Research Institute of Epidemiology and Microbiology.
Signs of cytopathic effect of the virus in Vero-E6 cell cul-
ture were observed from 2—4 days after infection (Fig.
5, a, b). The distribution of the obtained SARS-CoV-2
strains by genetic lineages is presented in Fig. 5, c,
and by Ig TCID, values — in Table 4.

The main component plane for different periods
of the COVID-19 pandemic in PK and Russia, consid-
ered as points in an eight-dimensional feature space,
being the components of the SARS-CoV-2 distribution
by genetic variants (Table 3), is shown in Fig. 6. The
first two main components in Fig. 6, corresponding to
the two largest eigenvalues of the feature covariance
matrix, include 63.6% of information about the mutu-
al location of objects in the multidimensional feature
space. It is known that rotation of the main components
by the same angle does not change the values of the
eigenvalues of the covariance matrix [32, 38]: in Fig. 6,
the rotation of components is performed in such a way
as to maximize the variance of factor loadings.

Discussion

In Russia, the COVID-19 pandemic started later
than in many countries due to the application of strict
regime-limiting and anti-epidemic measures against
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mB.1.1+B.1.1.x

uB.1.617.x
BA.1.x

HBA2.x

mBA.5.x

u XBB.x

Fig. 5. SARS-CoV-2 strains isolated in the sensitive Vero-E6 cell line at the G.P. Somov Institute of Epidemiology
and Microbiology of Rospotrebnadzor
a — intact cell line; b — cell line with manifestations of cytopathogenic action of the SARS-CoV-2 strain/Russia_Primorje/FE-R-6932
(Delta AY.122) for 5 days after infection (3 passage); ¢ — the distribution of strains by genovariants (the numbers in the sectors
of the pie charts correspond to the percentage of this genovariant).

Table 4. Infectious titers of SARS-CoV-2 strains isolated at the G.P. Somov Institute of Epidemiology and Microbiology

(2020-2023)

Distribution of strains according to the values of the decimal
. . Number logarithm of the infectious titer, Ig IT
Genovariant of the strain of strains Mtm
3 4 5 6

B.1.1 49 2 8 1 28 53+0,1
B.1.1.1 2 0 0 1 1 55%0,5
B.1.1.317 4 0 1 2 1 5004

Wuhan 53+0,1
B.1.1.397 5 0 0 2 3 5,6+0,2
B.1.1.485 1 0 0 1 0 5,0+0,0
B.1.143 1 0 1 0 0 4,0+£0,0
AY.121 1 0 0 1 0 50+0,0

Delta 43+0,2
AY.122 36 8 14 9 5 43+0,2
BA.1.x 20 10 4 6 0 3,8+0,2
BA.2 5 2 3 0 0 3,6+0,2

Omicron 3,7+0,1
BA.5.2 5 1 3 1 0 40+0,3
XBB.x 22 13 8 1 0 35+0,1

COVID-19, which were regulated by the Decrees of
the President of the Russian Federation’, Orders of the
Government of the Russian Federation® and Resolu-
tions of the Chief State Sanitary Doctor of the Russian
Federation’. Measures to prevent the importation and

7 Presidential Decrees: No. 206 of 25.09.2020; No. 239 of
02.04.2020; No. 294 of 02.04.2020.

8 Orders of the Government of the Russian Federation: from
30.01.2020 No. 140-r; from 31.01.2020 No. 154-r; from
03.02.2020 No. 194-r; from 18.02.2020 No. 338-r; from
27.02.2020 No. 447-r; from 27.02. 2020 No. 446-r; 0f 27.02.2020
No. 448-r; of 16.03.2020 No. 635-r; of 06.03.2020 No. 550-r;
of 12.03.2020 No. 597-r; of 14.03.2020 No. 622-r; of 16 March
2020 No. 730-r; 0f 27.03.2020 No. 763-r.

° Decisions of the Chief State Sanitary Doctor of the Russian
Federation: from 24.01.2020 No. 2; from 31.01.2020 No. 3;
from 02.03.2020 No. 5; from 13.03.2020 No. 6; from 18.03.2020
No. 7; from 30.03.2020 No. 9.

reduce the risk of spread of COVID-19 on the territory
of the PK were introduced on the basis of the above
mentioned decrees and orders, as well as the Decision
of the Governor of the PK'? and the Chief State Sanitary
Doctor of the PK!!. All the activities carried out at the
initial stage made it possible to slow down the spread
of COVID-19, increase the volume of COVID-19 tests
and the capacity of laboratory bases, prepare medical
organizations to provide assistance to patients, which
prevented an increase in the number of cases of severe
forms of the disease and mortality rate.

The analysis of COVID-19 epidemic process
manifestations in the period from April 2020 to June

19 Resolution of the PK Governor of 18.03.2020 No. 21-pg.
Il Resolution of the Chief State Sanitary Doctor of the PK of
20.04.2020 No. 17.
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Main component 2

Main component 1

Fig. 6. The plane of the first two main components for
various epidemic periods of COVID-19 indicated by Latin
numerals (as in Figure 2 and Tables 2-3): the gray dots
correspond to the Primorsky Krai, the white ones — to the
Russian Federation.

2023 on the territory of the PK and Russia as a whole
revealed 7 epidemiological upsurges of COVID-19 in-
cidence, which differed in clinical and epidemiological
manifestations of COVID-19 course depending on the
genetic variant of the pathogen (Fig. 1, 2, Tables 2, 3).
Comparison of COVID-19 incidence in each period
showed that the dynamics of the epidemic process de-
velopment in PK is similar to the all-Russian develop-
ment, which is especially clearly demonstrated by Fig. 6.
At the same time, mild and moderate clinical forms of
the disease prevailed in the structure of clinical forms
of the disease throughout the pandemic.

The introduction of restrictive measures in March-
April 2020 practically stopped the movement of people
between the PK and neighboring countries (China, Re-
public of Korea, Japan), as a result of which the dynam-
ics of circulation of SARS-CoV-2 virus genetic variants
in the region was explained exclusively by intra-Rus-
sian migration, therefore, during the I and II periods of
the pandemic in the PK (as well as in Russia as a whole)
the Wuhan genetic variant was dominant, during the I11
and IV periods — Delta, and during the V period and
subsequent rises — various Omicron genetic variants
(Fig. 2). The change of dominant genetic variants is il-
lustrated in Fig. 3.

Since the middle of 2022, a gradual easing of the
movement regime with neighboring countries began,
which could not but affect the diversity of Omicron ge-
netic variants circulating in PK. Thus, the proportion
of XBB.1.9.2 and XBB.1.16 (Arcturus) variants was
slightly higher in PK by the end of April — beginning
of May 2023 than in Russia as a whole. At the same
time, the percentage of the XBB.1.9.2 variant was the
highest in the Republic of Korea, and the percentage of
the XBB.1.16 variant — in Japan (Fig. 4). These data

suggest a certain involvement of neighboring countries
of the Asia-Pacific region in shaping the genetic land-
scape of SARS-CoV-2 in PK at the final stage of the
pandemic. The data of phylogenetic analysis of samples
of the BN sub-variant, which is rare in Russia (Fig. 5),
can also serve as indirect evidence of multiple path-
ways of virus entry into the region. At the same time,
the proportion of registered COVID-19 cases in PK, the
etiological factor of which was XBB.1.9.2 (5%) and
XBB.1.16 (3%), was comparable to that in the Republic
of Korea (XBB.1.9.2 — 7%) and Japan (XBB.1.16 —
12%; Fig. 4), in contrast to the average Russian values
(XBB.1.9.2 — 2%, XBB.1.16 — 1%) [34-36]. These
data suggest possible participation of the pathogen ge-
netic variants circulating in the neighboring countries
of the Asia-Pacific region in the formation of the gene-
tic landscape of SARS-CoV-2 in PK at the final stage
of the pandemic.

Phylogenetic analysis of isolates belonging to
the BN lineage, which is poorly represented in Russia
(about 150 specimens in GISAID) but is characteristic
of the Republic of Korea [37], confirms the possibil-
ity that new virus variants may have been introduced
into PK from this country. According to the Pango
website, 37% of isolates of the BN.1.2 lineage, 41%
of the BN.1.2.3 lineage, and 25% of the BN.1.3 lin-
eage originate from the PK. Phylogenetic analysis of
the most closely related SARS-CoV-2 samples from
Russia and the Republic of Korea showed that sam-
ple prim000233 (BN.1.2, collection date 14.04.2023)
belongs rather to the group of South Korean isolates,
while sample prim000314 (BN.1 .2.3, collection date
10.04.2023) belongs to the group of isolates isolated
from the central part of Russia (Fig. 7; the low boot-
strap support values for some clusters in this figure
are explained by the high degree of homology of the
analyzed sequences, which is typical of most regional
studies of SARS-CoV-2 [38-42]). These results may
also serve as indirect evidence of multiple pathways
of virus entry into the region.

During the isolation of SARS-CoV-2 strains, a
significant decrease in the titers of Delta and Omicron
genetic variants was observed, indicating a decrease in
their virulence (replication rate and virus accumula-
tion) compared to Wuhan-like variants (Table 4). The
obtained results are consistent with the epidemiological
manifestations of the infectious process — increased in-
fectivity of SARS-CoV-2 variants and decreased sever-
ity of clinical manifestations of infection.

The distribution of SARS-CoV-2 genotypes de-
tected in clinical material (Fig. 1, b, ¢) shows the pre-
dominance of Omicron variant (59,7%), while among
isolated strains Wuhan-like variants dominate (41,0%),
which is explained by their higher virulence. This con-
firms the correctness of the choice of a strategy for rapid
epidemiological monitoring based on sequencing of the
full-length viral genome from primary clinical material
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Fig. 7. Phylogenetic tree of the most homologous viruses of the BN line of SARS-CoV-2.

Numbers in VGARus and GISAID (in parentheses) databases are given for the samples from Russia. Numbers in GISAID database are given
for the samples from Republic of Korea. Numbers of samples from Primorsky Krai are given in bold.

(although this does not exclude the need to isolate dif-
ferent variants of the pathogen for virological studies).

Thus, the uniqueness of the SARS-CoV-2 ge-
notypic portrait formation on the territory of the PK
during the COVID-19 pandemic lies in the possibili-
ty of virus importation both from the European part of
Russia and from the countries of East Asia. The latter
direction seems to be the most relevant in connection
with the strategic "eastern vector" of foreign policy,
which is consistently implemented by the Government
of the Russian Federation. The continuing possibility

of emergence of new, particularly dangerous variants
of the virus in neighboring countries makes molecular
genetic monitoring for SARS-CoV-2 in the territory of
the PK particularly relevant. Retrospective analysis of
the epidemic process of COVID-19 in a particular ter-
ritory is a prerequisite for the formation of models and
forecasts of the situation development, allows to iden-
tify risk factors associated with the spread and severity
of the disease, to assess the effectiveness of measures
taken, to increase the reliability of biological safety
provision.
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Single intranasal immunization with attenuated Wuhan-like
SARS-CoV-2 provides highly effective cross-protection
against Delta and Omicron variants of concern
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Abstract

Introduction. Despite the end of the COVID-19 pandemic, the problem of vaccine prevention of this disease
appears highly relevant. The emergence and widespread distribution of the Omicron SARS-CoV-2 variant of
concern (VOC) and its sublineages has dramatically reduced the efficacy of vaccination. The possible approach
to solving this problem is to develop a nasal live attenuated vaccine capable of activating humoral, mucosal, and
cell-mediated immunity, providing a prolonged immune response and cross-protection against different VOCs.
The aim of the study was to determine the immunization efficacy with attenuated cold-adapted Wuhan-like SARS-
CoV-2 D-D2 strain against homologous and heterologous challenges.

Materials and methods. The study was conducted on an animal model of coronavirus pneumonia in golden
Syrian hamsters. The efficacy of immunization was assessed by comparing the dynamics of weight, viral load in
organs and histopathological changes in the lungs in immunized and unimmunized animals.

Results. Single intranasal immunization of golden Syrian hamsters with D-D2 strain showed its high
immunogenicity: seroconversion was evident in all immunized animals. Wuhan-like D-D2 strain provides highly
effective protection of hamsters against the development of productive infection and pneumonia when challenged
both with ancestral virus and heterologous strains related to Delta (AY.122) and Omicron (sublineages BA.1.1
and BA.5.2) variants.

Conclusion. SARS-CoV-2 attenuation is a promising strategy for the development of a highly effective nasal live
COVID-19 vaccine.

Keywords: live attenuated COVID-19 vaccine, cold-adapted SARS-CoV-2, immunization efficacy, intranasal
immunization, heterologous challenge, cross-protective immune response, golden Syrian hamsters
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OpHoKpaTHasA MHTpaHa3a/ibHaA UMMYHM3aLUMA aTTeHYUPOBaHHbIM
YxaHb-nogo6Hbim SARS-CoV-2 o6ecneunBaeT BbiICOKO3IPPEKTUBHYIO
nepeKkpECTHYIO 3alMUTY OT 3apaxkeHns BapnaHtamu Delta n Omicron
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AHHOMauus

BBepeHue. HecmoTpsi Ha okoH4YaHune naHgemun COVID-19, npobnema BakuuHonpodunakTuku atoro 3abone-
BaHWSA COXpaHSIeT akTyanbHOCTb. [losiBneHne u lWwmpokoe pacnpocTpaHeHne BapmaHta SARS-CoV-2 Omicron u
€ro cyOonuHuin NPUBENO K Pe3KOMY CHIDKEHMIO ahPeKTUBHOCTM BakumHonpogunaktukn COVID-19. Bo3MOXHbIM
NoaoXoAoOM K peLleHuto 3Tor npobnembl aenseTca pa3paboTka HasanbHOW XXMBOW aTTEHYMPOBaHHON BaKLMHbI,
CNocobHOW akTUBMPOBATL r'YMOParbHbIA, MyKO3arbHbIA U KNETOYHO-0NOCPEA0BaHHBI UMMYHUTET, obecneynBas
CTOVIKMA UMMYHHBIA OTBET Y NEPEKPECTHYIO 3aLUMTY OT Pa3NNYHbIX aHTUrEHHbIX BApUaHTOB BUpYyca.

Llenbto nccrneposaHuns 6bina oueHka adhdPekTMBHOCTM MMMYHM3aLUMN aTTEHYMPOBaHHbIM X0No40aAanTUpPOBaH-
HbIM YXaHb-NnogobHbIM Wwtammom SARS-CoV-2 D-D2 npu roMOnornyHoM v reTeposriorMiyHoM 3apakKeHuu.
Marepuansi n Metoabl. ViccnegoBaHne NpoBeAeHO Ha XMBOTHOW MOAENY KOPOHABUPYCHOW NMHEBMOHMUM Ha OC-
HOBE 30MOTUCTBLIX CUPUNCKUX XOMSAYKOB. DPHEKTUBHOCTL MMMYHU3ALMWN OLEHMBanNn NyTém CpaBHEHWUS OMHa-
MWKN Beca, BUPYCHOW Harpysku B OpraHax v rmctonaTonornyecknx U3MeHEHUN NErknux y MUMMYHU3UPOBaHHbIX U
HEVMMYHU3MPOBAHHbIX )XUBOTHBIX.

PesynbraTtbl. OgHOKpaTHas MHTpaHasanbHas UMMYHU3aLus 30M0TUCTbIX CUPUINCKMX XOMSAYKOB Wwtammom D-D2
nokasana ero BbICOKY0 MMMYHOTEHHOCTb: CEPOKOHBEPCUS NPOSIBMIIACh Y BCEX MMMYHU3UPOBAHHbIX KUBOTHbIX.
ATTEHYNPOBaHHbIN YXaHb-NogoOHbIN WwWTamm D-D2 obecneunBan BbICOKOI(MEKTMBHYO 3aLLUTY XOMSIYKOB OT
pa3BMTUS NPOAYKTUBHON UHAEKLMM U MHEBMOHMU MPU 3aPaXKEHUN KakK POAUTENBCKUM BUPYCOM, TakK 1 reTeporno-
MMYHBIMW LUTAaMMaMWK, OTHOCSILLMMUCS K BapyaHTam Delta (AY.122) n Omicron (cy6nuHum BA.1.1 n BA.5.2).
3aknroyeHue. AtteHyaumsa SARS-CoV-2 aBnsieTca NepcnekTUBHOM cTpaTernem Ansa pa3paboTkm BbICOKOahdek-
TMBHOW Ha3anbHOW XuBoW BakuMHbl npotue COVID-19.

KnroueBble cnoBa: xueass ammeHyupogaHHasi sakyuHa rnpomus COVID-19, xonodoadanmuposaHHbili SARS-
CoV-2, agpdpbekmugHOCMb UMMYHU3aUuU, UHMpaHa3arnbHas UMMyHU3ayusi, 2emeporioauqdHoe 3apaxeHue, rnepe-
KpécmHasi npomeKmueHasi akmueHOCMb, 30/10MUCMble CUPULICKUE XOMSIYKU

Amuyeckoe ymeepxdeHue. ABTOpbl NoATBEPXKAAIOT COONIOAEHNE UHCTUTYLMOHANBHBIX Y HaUMOHanbHbIX CTaHAap-
TOB MO MCMOMb30BaHUIO NabopaTopHbIX XMBOTHBIX B cooTBeTCTBUM € «Consensus Author Guidelines for Animal Use»
(IAVES, 23.07.2010). Mpotokon nccnenosaxus ogobpeH dtudeckum komutetom OrEHY HAMBC um. U.U. MeyHnkosa
(npotokon Ne 2 ot 24.05.2021).
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Introduction

Despite the end of the COVID-19 pandemic de-
clared by WHO, the problem of vaccine prevention of
this disease continues to be relevant. Inactivated, vector,
subunit, and mRNA vaccines are used for COVID-19
prevention and have been shown to be highly effec-
tive against homologous infection (i.e., infection with
the same virus variant as the strain used for vaccine)
[1]. The emergence and widespread distribution of the
SARS-CoV-2 Omicron variant of concern (VOC) and
its sublineages have dramatically reduced the efficacy of
vaccination [1-3]. Most licensed COVID-19 vaccines
are directed toward the formation of humoral immuni-
ty based on the induction of neutralizing antibodies to
the SARS-CoV-2 S-protein. However, the evolution of
the virus under the mass immunization pressure makes
this target highly variable, resulting in the virus escap-
ing immunological surveillance and a rapid decline in
vaccine efficacy against newly emerging SARS-CoV-2
variants [2—4].

Emergent optimization of the composition of ex-
isting vaccines according to the current set of circu-
lating SARS-CoV-2 variants is necessary to maintain
vaccination efficacy at a high level [5]. Development
of a "universal" vaccine with cross-protective activity
against different antigenic variants of the virus could
represent an alternative approach. Such approach in-
cludes development of a live attenuated vaccine (LAV)
capable of activating not only the humoral but also the
cellular immune system, providing a prolonged im-
mune response and cross-protection against different
virus variants [6—8]. At present, the potential of LAV
in COVID-19 prevention remains unrealized. At the
same time, some experience has already been gained
in obtaining attenuated SARS-CoV-2 strains that have
shown high immunogenicity and immunization effica-
cy in animal models of infection. Some authors use ge-
netic engineering and reverse genetics techniques such
as site-directed mutagenesis and codon deoptimization
to attenuate the virus [9—13]. Others use the traditional
approach to obtain virus mutants by prolonged passag-
ing in cell culture under selective conditions [14—17].
Regardless of the methodology used to attenuate the vi-
rus, an important question that determines the practical
relevance of LAV at the current stage is whether it can
provide effective protection against the "parent" SARS-
CoV-2 strain, but also against new, phylogenetically
distant virus variants.

Earlier, by long-term passaging of Wuhan-like
SARS-CoV-2 Dubrovka strain in Vero cells at lower
temperature (up to 23°C), we obtained its cold-adapted
(ca) variant called D-D2 strain [18]. D-D2 strain exhib-
ited a temperature-sensitive (zs) phenotype (it did not
replicate at 39°C), which determined its reduced repli-
cation in the lungs of golden Syrian hamsters and, thus,
an attenuated (atf) phenotype. During intranasal immu-
nization of hamsters, D-D2 strain exhibited high immu-
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nogenicity and protected against infection with homol-
ogous parental Dubrovka strain and the development
of pneumonia [15]. The aim of the present study was
to determine the immunization efficacy of attenuated
Wuhan-like SARS-CoV-2 strain against heterologous
challenge with strains belonging to the Delta variant
and two sublineages of Omicron variant, BA.1.1 and
BA.5.2. For immunization, ca/ts/att D-D2 strain was
used as a model vaccine strain.

Materials and methods

Viruses. To model coronavirus pneumonia on
Syrian golden hamsters (hereinafter referred to as ham-
sters) we used laboratory strains of SARS-CoV-2 (fam-
ily: Coronaviridae, genus: Betacoronavirus, subgenus:
Sarbecovirus, species: Severe acute respiratory syn-
drome—related coronavirus): Dubrovka (Wuhan-like),
Podolsk (Delta); Otradnoe (Omicron BA.1.1), and
FEB2 (Omicron BA.5.2) isolated and genetically char-
acterized in different periods of pandemic in our labora-
tory (Table 1). A cold-adapted D-D2 strain with #s and
att phenotype, which we obtained earlier by adapting
the Dubrovka strain for growth in Vero CCL-81 cell
culture at lower temperature (23°C), was used to immu-
nize animals [18].

Virus cultivation
in cell culture

SARS-CoV-2 laboratory strains were cultured on
African green monkey kidney epithelial Vero CCL-81
cells (ATCC), as described earlier [19]. Monolayer of
Vero cells was infected with the SARS-CoV-2 at a low
multiplicity of infection (MOI £0,001) and incubated at
37°C (Dubrovka, Podolsk, Otradnoe and FEB2 strains)
or 23°C (D-D2 strain) for 3-8 days (depending on virus
strain) in an atmosphere of 5% CO,. Virus-containing
culture medium was clarified by centrifugation and
stored at —80°C before use.

Animals

Four-week-old 40-50 g female Syrian golden
hamsters (Mesocricetus auratus) were obtained from
the Nursery for laboratory animals of the Shemyakin
and Ovchinnikov Institute of Bioorganic Chemistry
(Russia). Hamsters were arbitrarily assigned to study
groups. Animals were kept as described earlier [20]. All
studies with animals were approved by the Mechnikov
Research Institute of Vaccines and Sera Institutional
Animal Care and Use Committee (protocol No. 2, May
24, 2021) and carried out in accordance with the Na-
tional Research Council's Guide for the Care and Use
of Laboratory Animals (2011).

Virus titration

The SARS-CoV-2 virus titers were determined by
the cytopathic effect endpoint method in Vero cells as
described earlier [19]. The virus titer was calculated by
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Table 1. SARS-CoV-2 strains used in the study

Strain Collection date | GenBank ID Variant Pli?\r;ggnen Pe;:s:lge ten?;eltri;tauﬁr(: oc
Dubrovka June 2020 MW514307.1 Wuhan-like (wild-type) B.1.1.317 17 37
D-D2 June 2020 ONO040961.1 Wuhan-like (cold-adapted) B.1.1.317 47 23
Podolsk August 2021 ON032860.1 Delta AY.122 16 37
Otradnoe  January 2022 ON032857.1 Omicron BA.1.1 8 37
FEB2 October 2022  OP920753.1 Omicron BA.5.2 4 37

the Reed—Muench method using an online-calculator
and expressed as log,; TCID, /ml.

Quantification of SARS-CoV-2 RNA

Quantification of SARS-CoV-2 RNA was per-
formed by real-time reverse transcription polymerase
chain reaction (RT-PCR) method [20]. Viral RNA
was isolated from samples using “MagnoPrime UNI”
reagent kit (“NextBio”), recommended by the manu-
facturer for isolation viral RNA from a wide range of
biological and clinical samples. To detect viral RNA
we used primers and the probe designed for the SARS-
CoV-2 nucleocapsid N gene: CoVN-F GCGTTCTTC-
GGAATGTCG, COVN-R TTGGATCTTTGTCATC-
CAATTTG, COVN-P FAM-AACGTGGTTGACCTA-
CACAGGT-BHQ1 [21]. A 2.5x Tag-polymerase
reaction mixture reagent kit and MMLV reverse tran-
scriptase (Syntol) were used to perform one-step reverse
transcription real-time PCR reaction. 50 pL reaction
mixture contained 5 units of Tag DNA polymerase, 30
units of MMLYV reverse transcriptase, 10 pmol of each
primer and 5 pmol of probe. Thermal cycling process
included 45°C — 10 min (1 cycle); 95°C — 5 min (1
cycle); 95°C — 5 sec, 55°C — 45 sec (45 cycles). Syn-
thetic oligonucleotide corresponding to the fragment
of SARS-CoV-2 genome containing the primers and
probe binding sites were used to construct a calibration
curve: COVN-PC CAGCGTTCTTCGGAATGTCGC-
GCATTGGCATGGAAGTCACACCTTCGGGAAC-
GTGGTTGACCTACACAGGTGCCATCAAATTG-
GATGACAAAGATCCAAA. The analytical sensitivity
of the real-time PCR established by analyzing 10-fold
dilutions of the COVN-PC oligonucleotide (SARS-
CoV-2 cDNA standard) was 5 x 10* copies per ml.
Adjusted for losses at the stages of RNA isolation and
reverse transcription, the sensitivity of SARS-CoV-2
RNA detection was assumed to be 10° copies per ml.
The typical standard curve of dependence of Ct values
on the concentration of viral RNA was described by the
equation:

Y=48.816 x 3.5348X,
where Y is Ct value; X is concentration of viral RNA
(Log10 copies/mL).

! URL: https://www.virosin.org/tcid50/TCID50.html

The results of RT-PCR were expressed as copies
of viral RNA per mL of tissue homogenate.

Evaluation of the immunization efficacy

Immunization efficacy was assessed according to
the scheme (Fig. 1). Syrian hamsters were divided into
nine groups (G1-G9) of six animals each. Each animal
of groups G1-G4 received intranasally 4.0 log | TCID,
in 100 pL of the D-D2 strain. Intranasal administration
of the virus was carried out under diethyl ether anesthe-
sia. Animals of groups G5-G9 were not immunized and
received PBS intranasally. 21 days post-immunization
(p.i.), blood was taken from the animals to assess the to-
tal and neutralizing antibodies to SARS-CoV-2. To eval-
uate the immunization efficacy 28 days p.i., each animal
of groups 1-8 was challenged by 4.0 log j TCID,; in
100 pL of the virulent SARS-CoV-2 strain intranasally.
Groups G1 and G5 received ancestral Dubrovka strain,
groups G2 and G6 — Podolsk strain (Delta), groups G3
and G7 — Otradnoe strain (Omicron BA.1.1), groups
G4 and G8 — FEB2 strain (Omicron BA.5.2). The neg-
ative control group G9 received an equivalent amount
of PBS. Hamsters were observed daily and weight con-
trol was performed daily from days O to 4. Four days
after the challenge, animals were humanely euthanized
under chloroform anesthesia. Left lungs were collect-
ed for histological examination. Lung, brain, and other
organ tissues were collected, homogenized in DMEM
medium with gentamicin (40 pg/mL) using a “Tissue
Lyser LT homogenizer” (“Qiagen”), and centrifuged at
10,000 rpm for 5 min at 4°C. Supernatants were col-
lected and stored at —80°C for subsequent titration and
determination of viral RNA. The immunization efficacy
was evaluated by comparing the weight dynamics, vi-
ral load in the organs, and histopathological changes in
lungs in immunized and unimmunized animals.

Lung histological examination

Lung histological examination was performed as
described earlier [15]. Formalin-fixed paraffin-embed-
ded left hamster lungs stained by hematoxylin and eo-
sin were used for histological study. Histological sec-
tions of the lungs scored blindly for lung damage, using
a cumulative severity score of 0 to 3 each for an ex-
tended range of parameters as recently suggested [22],
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Fig. 1. The design of the experiment for evaluating the immunization efficacy.

i.e. % of lung area affected, distribution of lesions,
necrosis of bronchial ciliated epithelial cells, cellular
debris in bronchi, diffuse alveolar damage, necrosis of
alveolar cells, cellular debris in alveoli, alveolar hemor-
rhage, alveolar edema, perivascular/interstitial edema,
vasculitis, necrosis and desquamation of vascular endo-
thelial cells, bronchitis, bronchointerstitial pneumonia,
interstitial pneumonia, intraalveolar neutrophils and
macrophages, hyperplasia of bronchial ciliated epithe-
lial cells, hyperplasia of type II alveolar cells. The max-
imum possible score was 60.

Detection of antibodies to SARS-CoV-2

Detection of antibodies to SARS-CoV-2 in ham-
ster’s sera was performed by the ELISA method as de-
scribed earlier [15]. For ELISA, 96-well plates were
coated with a UV-inactivated SARS-CoV-2 virions of
Dubrovka strain, prepared as described by [20].

Viral neutralization test

Measurement of SARS-CoV-2 neutralizing anti-
bodies based on cytopathic effect in Vero cells was per-
formed according to the protocol described earlier [19].
Dubrovka, Podolsk, Otradnoe, and FEB2 SARS-CoV-2
strains adapted to Vero cells were used to determine the
neutralizing activity against different antigenic variants.
The neutralizing titer was considered the reciprocal val-
ue of the last dilution, in which no signs of cytopathic
effect were detected in two or more wells.

Statistical analysis

Statistical processing was performed using Graph-
Pad Prism v. 5.03 software. The data were presented as
the mean + standard deviation (SD) and mean + stan-
dard error (SEM) on the plots. The differences were
compared using paired sample t-test. Differences were
considered to be significant at p < 0.05.

Work safety requirements

All work with the SARS-CoV-2 virus was carried
out under conditions of a Biosafety Level-3 laboratory.

Results

Evaluation of the immunogenicity and efficacy
of attenuated D-D2 strain (a cold-adapted mutant of
Dubrovka strain) was performed in an experiment on
golden Syrian hamsters immunization according to the
scheme (Fig. 1). Hamsters of groups G1-G4 (n = 24)
were intranasally immunized with the D-D2 strain at
the dose of 4.0 log,  TCID, per animal.

Immunogenicity evaluation

After 21 days p.i., [gG antibodies to SARS-CoV-2
proteins in ELISA were detected in sera of all immu-
nized animals in titers ranging from 12,800 to 204,800
(mean 54,933 + 44,257) (Fig. 2, a). The virus-neutral-
izing activity of hamsters’ sera after immunization with
the D-D2 strain was maximal for homologous Dubrov-
ka strain 793 £ 524 (Fig. 2, b). For heterologous strains,
the neutralizing activity of sera was lower for the Po-
dolsk strain (Delta) by four times for Otradnoe and
FEB2 strains (Omicron) by 46 times. In 56% of sera
samples, the neutralizing activity against Otradnoe and
FEB2 strains was not detected. In the sera of non-im-
munized animals (groups G5-G9; n = 30) no antibodies
to the virus were detected either by ELISA or in the
neutralization test.

Evaluation of the immunization efficacy

Twenty-eight days after immunization, the an-
imals were challenged with different SARS-CoV-2
strains according to the scheme (Fig. 1). Challenge
of unimmunized animals (groups G5-G8) with differ-
ent strains revealed their different virulence for Syri-
an hamsters. The Dubrovka strain proved to be the
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most virulent and resulted in weight loss of 14.6%
(»=0.0002) on average at day 4 p.c. (Fig. 3), the most se-
vere pneumonia (Fig. 4, 5), infection not only respiratory
tract but also brain (Fig. 6, 7), that was accompanied by
decreased appetite, lethargy, and sleepiness. When un-
immunized animals were infected with Podolsk, Otrad-
noe, and FEB?2 strains, weight loss was not significant
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(p > 0.05), average by 2.15%, 1.2%, and 2.4% com-
pared to group G9 (naive), while lung histopathology
and the viral load in the brain were lower than infected
with the Dubrovka strain (Fig. 4-7).

All immunized hamsters showed no delay in
weight gain and no changes in behavior compared to un-
immunized animals (Fig. 3). Among the immunized an-
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Fig. 2. Immunogenicity of the D-D2 strain in hamsters following single intranasal administration. Hamsters of G1-G4 groups
were immunized with the D-D2 strain.
a — titer of IgG antibody to SARS-CoV-2 proteins by ELISA; b — titers of neutralizing antibodies against different SARS-CoV-2 strains in the
sera of all animals from groups G1-G4 (n = 24) — Dubrovka (Wuhan), Podolsk (Delta), Otradnoe (BA.1.1), and FEB2 (BA.5.2).
The limit of detection was 20. ***p < 0.001.

Fig. 3. Weight change of immunized and unimmunized hamsters at days 1—4 post-challenge.
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imals (groups G1-G4), the strongest protection against
weight loss was observed in group G1 infected with the
Dubrovka strain, reaching 12.7% (p < 0.0001) at day 4
p-c. When infected with the strains Podolsk (group G2)
and FEB2 (group G4) the difference in the weight of
the immunized and unimmunized animals was non-sig-
nificant (p > 0.05), reaching 2.61% and 2.48% at day 4
p-c., respectively. When infected with the strain Otrad-
noe (group G3) the difference in the weight of the im-
munized and unimmunized animals was significant (p =
0.02), reaching 2.45% at days 3 and 4 p.c.
Morphological changes in the lungs of challenged
unimmunized hamsters (groups G5—G9) corresponded
to interstitial pneumonia, but the severity and preva-
lence of the lesions depended on the strain (Fig. 4). On
the fourth day post-challenge (p.c.) with Wuhan-like
strain Dubrovka (group G5), histological preparations
of animal lungs showed pronounced alterative and
inflammatory changes, which morphologically cor-
responded to bronchointerstitial pneumonia. Areas of

ORIGINAL RESEARCHES

pneumonia occupied from 50% to 90% of the histolog-
ical section of the organ indicating the subtotal degree
of spread of the inflammatory process in hamster lungs.
In the lungs of hamsters of group G6 challenged with
the Podolsk (Delta) strain, foci of bronchointerstitial
pneumonia occupied from 15 to 50% of the organ slice
area. The lung morphology of hamsters in groups 7 and
8, challenged with the Otradnoe (Omicron BA 1.15)
and FEB (Omicron BA 5.2) strains, showed significant
differences, despite the close phylogenetic relation-
ship between these strains. After the challenge with the
Otradnoe strain, the lungs preparations revealed foci
of bronchointerstitial pneumonia, which occupied not
more than 5—7% of the organ slice area. Contrary, when
infected with the FEB2 strain, foci of pneumonia occu-
pied from 40 to 60%, and the morphological pattern of
inflammatory changes was similar to that in hamsters
challenged with the Dubrovka strain (Fig. 4).
Histological examination of the lungs of immu-
nized hamsters (groups G1-G4) 4 days p.c. with differ-

Fig. 4. Morphological changes of hamster lungs on day 4 post-challenge with different SARS-CoV-2 strains.
Hematoxylin and eosin staining. The size of the scale bar is expressed in microns.
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Fig. 5. Histopathology score for hamster lungs on day 4
post-challenge with different SARS-CoV-2 strains.

*p < 0.05; **p < 0.01; ***p < 0.001.

ent strains did not reveal pathological changes, while
inflammatory changes were mild (Fig. 4). No patholog-
ical changes were detected in hamster lungs immunized
and challenged with Dubrovka (group G1) and Podolsk
(group G2) strains. The histological structure of the

airways and respiratory zone of the lungs appeared
normal. Lungs from immunized hamsters challenged
with Otradnoe (group G3) and FEB2 (group G4) strains
showed focal slightly expressed inflammatory chang-
es in the bronchi, while the morphology of respiratory
zone did not differ from those in negative control ani-
mals (group G9).

Histological examination of lung preparations of
unimmunized uninfected hamsters (group G9, naive)
revealed no pathological changes (Fig. 4).

Thus, histological examination of the lungs
showed that immunization with the D-D2 strain pro-
tects animals from the development of viral pneumonia
regardless of the SARS-CoV-2 strain used for infection.

Based on histological examination, pathologi-
cal changes in the lungs of animals of groups G1-G9
were given a score according to A.D. Gruber et al.
[22] (Fig. 5). In immunized animals (groups G1-G4),
cumulative severity score varied on average from 3.2
to 6.9, while in unimmunized animals (groups G5—
G9) — from 20.8 to 49.8. Immunization of hamsters
with the D-D2 strain reduces the lungs histopathology
score when challenged with the Dubrovka strain by
15.7 times (p < 0.01), Podolsk — 8.4 times (p < 0.01),
Otradnoe — 4.0 times (p < 0.01), FEB2 — 5.7 times
(» <0.01). At the same time, immunized animals chal-
lenged with Omicron-like strains Otradnoe and FEB2
had significantly higher lungs histopathology scores
(5.2 £ 1.5 and 6.9 £ 0.9, respectively), compared to
hamsters challenged with ancestral Dubrovka strain
(3.2+0.1).

Fig. 6. Virus titer in lungs, nasal passages, and brain of immunized and unimmunized hamsters.
The limit of detection was 2.0 log,, TCID/mL.
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Single intranasal immunization with the D-D2
strain protected hamsters from developing a produc-
tive infection when infected with all SARS-CoV-2
strains as evidenced by the absence of infectious virus
in lungs, nasal passages, and brain of all animals from
groups G1-G4 (Fig. 6). All unimmunized animals
(groups G5-G8) developed infection, as confirmed
by virus isolation from the lungs and nasal passages
(Fig. 6). The mean values of virus titer in the lungs
of unimmunized animals ranged from 4.57 to 7.28
log,, TCID, /mL, and in the nasal passages from 4.78
no 6.74 log10 TCIDSO/mL. In the brain samples from
group G5, which consisted of six unimmunized ani-
mals infected with the Dubrovka strain, the infectious
virus was found in all cases. In contrast, no infectious

a
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virus was detected in the brain samples of animals in
other groups.

Viral RNA in the lungs, brain, heart, liver, kidneys,
spleen, and blood of immunized animals (groups G1—
G4) was not detected in the vast majority of animals,
except for some hamsters in which RNA was detected
at the limit of detection of the method. A low concen-
tration of viral RNA was detected in the nasal passages
of immunized animals, averaging 4.7 to 5.8 log,; RNA
copies/mL (Fig. 7). Differences in viral RNA from nasal
passages between groups of immunized and non-immu-
nized hamsters varied depending on the strain used for
challenge from 2.9 to 5.5 logl0: Dubrovka strain —
3.7 (p <0.001), Podolsk — 4.5 (p < 0.05), Otradnoe —
2.9 (p <0.05), and FEB2 — 3.2 (p < 0.05) log10.

Fig. 7. Concentration of viral RNA in organs of immunized and unimmunized hamsters on 4 days post-challenge.

a — lungs, nasal passages, blood, and brain; b — liver, heart, kidneys and spleen.
The limit of detection was 3.0 log,, RNA copies/mL. *p < 0.05; **p < 0.01; ***p < 0.001.



KYPHAJ1 MUKPOBUOJIOTUN, SMTMAEMNONOTUN N UMMYHOBUOJOIMNI. 2024; 101(1) 45

DOI: https://doi.org/10.36233/0372-9311-496

OPUTVHANbHbBIE NCCJTIEAOBAHNA

In the lungs of unimmunized animals (groups G5—
(39), the concentration of viral RNA ranged on average
from 7.60 to 9.25 log , in the nasal passages from 8.22
to 9.34, and in the brain from 3.76 to 7.46 log ; RNA
copies per mL of homogenate. In the heart, liver, kid-
neys, spleen, and blood of most unimmunized animals,
viral RNA was also detected, but at a lower level than
in the lungs and nasal passages (from 3.02 to 6.15 log
RNA copies per mL of homogenate) (Fig. 7). Notably,
when infected with the FEB2 strain, viral RNA was not
detected in the liver and spleen of all animals used.

Discussion

The most outstanding achievements of public
health are associated with the mass use of live vac-
cines: the global eradication of smallpox, the elimi-
nation of polio in most countries, a multiple reduction
in the incidence of measles, rubella, mumps, rotavirus
enteritis, and chickenpox. In this regard, the study of
the potential of live attenuated vaccines (LAV) for the
prevention of COVID-19 seems very relevant. In this
study, we investigated the efficacy of the COVID-19
LAV prototype (D-D2 strain) on golden Syrian ham-
sters challenged with ancestral and heterologous strains
of SARS-CoV-2.

Single intranasal immunization of Syrian hamsters
with ca/ts/att SARS-CoV-2 D-D2 strain showed its
high immunogenicity — seroconversion at 21 days p.i.
was observed in all 24 immunized animals (Fig. 2, a).
Antibodies titers to SARS-CoV-2 in sera of immunized
hamsters as measured in ELISA, using virions of the
“parental” Dubrovka strain as an immunosorbent, aver-
aged 5 x 10°. At the same time, the maximum neutraliz-
ing activity of sera was shown against the homologous
Wuhan-like strain, Dubrovka strain. For the heterolo-
gous virus strains related to Delta and especially Omi-
cron, the neutralizing activity was predictably lower
or absent (Fig. 2, b), which is consistent with changes
in the antigenic properties of the virus S-protein in the
course of evolution and the results of previous studies
(2,3, 15,23, 24].

Despite the reduced (or absent) neutralizing activ-
ity of post-vaccination antibodies against heterologous
strains, immunization with the D-D2 strain protected
hamsters against infection not only with the ancestral
Dubrovka strain but also with strains belonging to Del-
ta and Omicron VOCs. Significant protection against
weight loss was shown when the animals were infected
with the Dubrovka strain: immunized animals weighed
13% more (p < 0.01) than unimmunized animals at day
4 p.c. (Fig. 3). Heterologous strains, Podolsk, Otrad-
noe, and FEB2, showed less virulence for Syrian ham-
sters manifested in a slight decrease in weight of un-
immunized animals. Consequently, the protection of
immunized animals against weight loss of 2-4% when
infected with Podolsk, Otradnoe, and FEB2 strains was
not significant.

The replication level of the virus in the lungs
and other organs, as well as the severity of inflam-
matory changes in the lungs, were more informative
in assessing immunization efficacy. The absence of
infectious virus in the main target organs (lung, nasal
passages, and brain) in immunized animals (groups
G1-G4) on the fourth day after the challenge allows
us to characterize immunity to SARS-CoV-2 as "ster-
ilizing". This conclusion is supported by the fact
that in the vast majority of immunized animals, viral
RNA in homogenates of lungs, brain, blood, and oth-
er organs was below the limit of detection of RT-PCR
(Fig. 7). Viral RNA was detected in the nasal passages
of all immunized animals, while its concentration was
2.9-4.5 logl0 lower, than in unimmunized animals
(Fig. 7, a). At the same time, no infectious virus was
detected in the nasal passages of immunized hamsters
(Fig. 6). A possible explanation for this is that the chal-
lenge was carried out by inoculation of the virus direct-
ly into the nasal passages, therefore, the nasal mucosa
primarily contact with the virus and become infected.
As aresult, limited viral RNA replication occurs in na-
sal epithelial cells, but the infectious virus shedding as
well as infection of lung and other organs was hindered
by acquired immunity factors.

The absence of viral replication in the lungs of
immunized animals is consistent with the absence of
marked lung histopathology there (Figs. 4, 5). Slightly
pronounced focal inflammatory changes in the bronchi
revealed in the lungs of immunized hamsters infected
with heterologous strains, Otradnoe and FEB2 (Figs.
4, 5), probably indicate limited virus replication due to
“escape” of BA.1.1 and BA.5.2 Omicron sublineages
from adaptive immunity formed after immunization
with Wuhan-like strain. Thus, single intranasal immu-
nization of Syrian hamsters with the D-D2 strain pro-
vided strong robust protection of animals against devel-
opment of productive infection and pneumonia not only
after homologous but also heterologous infection four
weeks after immunization.

It is noteworthy that a significant viral RNA load
was detected in the hearts of non-immunized animals
challenged with different SARS-CoV-2 strains (up to
6.0 log10 copies of RNA/mL in group challenged with
Wuhan-like virus) (Fig. 7B). These results are consis-
tent with data from other studies showed pathological
changes, viral RNA, and infectious virus in the hearts
of Syrian hamsters infected with SARS-CoV-2 [25,
26]. These data are of particular importance in the
context of the fact that COVID-19 increases the risk
of myocarditis in humans [27, 28], which is likely due
to increased expression of the ACE2 receptor in human
myocytes [29].

The genetic stability of the D-D2 strain and the
possibility of virulence reversion have not been inves-
tigated. Therefore, we are not yet consider the D-D2
strain as a candidate for development of COVID-19
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LAYV, but as a model vaccine strain to study post-vacci-
nal immunity.

Mass vaccination against COVID-19 has shown
that licensed vaccines poorly protect against infection
with the strains belonging to Omicron VOC. They
provide a level of protection required against severe
COVID-19 infection and death during the Omicron
dominance [30, 31]. However, the post-vaccine pro-
tection against infection and symptomatic infection
with the Omicron strains composed only 40-50% for
mRNA vaccines (declared as the most effective vac-
cines) in the first 3 months p.i., and declines rapidly
to 10-20% thereafter [30-33]. Booster immunization
can restore this value to baseline, but the duration of
the resulting immunity does not exceed 3—6 months
[31, 32, 34-36]. Licensed vaccines (inactivated, vec-
tor, recombinant, and mRNA vaccines) based on the
S-protein of SARS-CoV-2 stimulate both humoral and
cellular immunity ([37-39]; however, apparently their
efficacy is mainly determined by the induction of neu-
tralizing antibodies. Variability of the S-protein and the
emergence of new VOCs leads to a rapid escape of the
virus from immunological surveillance and a decrease
in the effectiveness of such vaccines [2, 3, 23, 24, 40].
The ongoing evolution of the Omicron VOC has led
to the emergence of such of its sublineages that escape
adaptive immunity induced even by previous infection
with parental Omicron sublineages. Thus, sublineages
BF.7, BQ.1, and XBB (which appeared after sublin-
eage BA.4/5), escape neutralization by antibodies, an-
tibody-dependent cellular cytotoxicity, and phagocyto-
sis, induced by breakthrough infection with sublineage
BA.1 [41]. In addition, the sublineages BF.7 and BQ.1
have the greatest resistance to neutralization by a panel
of 77 monoclonal antibodies that effectively neutralize
the Wuhan-like virus [42].

The higher efficacy of intranasally administered
LAV is based on the same mechanisms that are involved
in the development of adaptive immunity during natu-
ral respiratory virus infection [37, 43, 44]. Combined
activation of the humoral and cellular components of
the systemic and mucosal (local) immune defenses can
provide effective protection against SARS-CoV-2 in-
fection [8, 37, 45]. Furthermore, an immune response is
developed against all viral proteins of LAV, both struc-
tural and nonstructural, increasing the efficacy. Thus,
structural proteins M and N are highly immunogenic
and, together with nonstructural proteins, are more
conserved than the S-protein. Furthermore, many T-cell
epitopes of phylogenetically related species of corona-
viruses and various SARS-CoV-2 variants are located
not only in the S-protein [46, 47]. Thus, J. Zhao et al.,
using peripheral blood mononuclear cells isolated from
COVID-19 patients, identified 5 immunodominant T-cell
epitopes in the N-protein of SARS-CoV-2 [47]. It should
also be noted that protective immunity mediated by
T-cells is less dependent on mutations that determine the

ORIGINAL RESEARCHES

formation of new SARS-CoV-2 VOCs [48, 49]. Indeed
the appearance of new SARS-CoV-2 VOCs is deter-
mined mainly by mutations in the most variable S-pro-
tein, whereas T-cell epitopes are present not only in the
S-protein, but also in more conserved viral proteins.

In recent studies, the immunogenicity and effica-
cy of attenuated SARS-CoV-2 strains were investigat-
ed on animal models of coronavirus infection, such as
golden Syrian hamsters (Mesocricetus auratus), Pho-
dopus roborovskii hamsters and K18-hACE2 transgen-
ic mice line. Immunization of susceptible animals with
attenuated strains of SARS-CoV-2 has been found to
provide highly effective protection against homolo-
gous infection and development of pneumonia [9—-17].
However, the potential for cross-protective activity of
LAVs against heterologous variants of the virus has not
been extensively investigated. J. Trimpert et al. showed
that immunization with attenuated SARS-CoV-2 leads
to the development of immunity in laboratory animals
when infected not only with the parental strain of the
virus but also with unrelated Alpha and Beta VOC
strains [50]. A. Yoshida et al. showed the development
of cross-protection against infection with the Omicron
(BA.1) VOC strain in hamsters immunized with the
recombinant attenuated virus with the S-protein gene
"transferred" from Omicron [13]. Our study shows that
the attenuated Wuhan-like SARS-CoV-2 strain can pro-
vide highly effective protection not only against the
homologous challenge but also when challenged with
heterologous strains belonging to Delta VOC, BA.1.1
and BA.5.2 Omicron VOC sublineages.

The cross-protection shown in our study was pre-
dictable because at the time the study was designed it
was known that naturally acquired SARS-CoV-2 infec-
tion prevents up to 90% of reinfection with Alpha, Beta,
or Delta VOCs and 56% of reinfection with Omicron
VOC strains, while most reinfection cases occur only
one year after the primary disease [51]. Furthermore,
the protective efficacy of primary infection against the
development of severe disease or death in reinfection
with the Omicron is 97.3% (95% CI 94.9-98.6%),
regardless of the virus variant that caused the prima-
ry infection [52]. The extremely low rate of severe
and fatal cases of reinfection potentially points out
that COVID-19 LAV can provide effective protection
against pneumonia and death caused by heterologous
strains. The high potential of LAVs for COVID-19
prevention is supported by the observation that hybrid
immunity (vaccination followed by a breakthrough in-
fection) and SARS-CoV-2 reinfections reduce the risk
of subsequent infections caused by the Omicron strains
by 60% and 85%, respectively [53]. Meanwhile, boost-
erization by breakthrough Omicron infection induces
higher levels of memory B-cell and SARS-CoV-2-spe-
cific T-cells, particularly against the Omicron strains,
compared with booster immunization with inactivated
or vector vaccines [54].
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Noteworthy, practically all developers of LAVs
against COVID-19 achieve effective protection
against challenges with the virulent strain by intrana-
sal administration [9-17]. In this regard, the success-
ful mass use of mucosal vaccines such as live polio
and rotavirus vaccines (administered orally) and live
influenza vaccines (administered intranasally) are re-
vealing. Oral and intranasal administration of these
vaccines provides not only induction of systemic cel-
lular and humoral adaptive immune response but also
the formation of mucosal (local) immunity, including
secretion of specific [gA-antibodies in the respiratory
or intestinal mucosa. During intranasal immunization
followed by infection with a virulent strain, specific
secretory IgA-antibodies neutralize the virus directly
on the mucosa of the respiratory tract, which is the

site of entry of infection, suppressing its adhesive
ability and reducing the efficiency of transmission [8,
55, 56].

Conclusions

The results of the present study showed that
single intranasal immunization of Syrian hamsters with
attenuated Wuhan-like strain of SARS-CoV-2 provides
strong robust protection of animals against infection
and development of pneumonia when challenged not
only with homologous virus but also with heterologous
strains belonging to Delta (AY.122) and Omicron
(sublineages BA.1 and BA.5.2) VOCs. Thus, creation
of attenuated SARS-CoV-2 strains is a promising
strategy for the development of highly effective live
vaccines against COVID-19 on their basis.
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Abstract

Introduction. For early immunodiagnostics of tuberculosis (TB) in Russia, the Mantoux test (MT) has been used
for decades; since 2013, the recombinant tuberculosis antigen (RTA) test has seen widespread use.

The objective of this retrospective analytic observational cohort study was to evaluate the results of
immunodiagnostics for TB in children with newly diagnosed active TB.

Materials and methods. We studied data from Russian TB institutions on the results of MT and RTA assay in
children with active and inactive TB first detected in 2013—2018, as well as children with active TB first detected
in Moscow in 2017-2022.

Results and discussion. In 2013-2018, out of 12,902 examined children with active TB, 11,673 (90.5%) had
positive results of both skin tests and 198 (1.5%) had negative results. A negative RTA assay result with positive
MT was found in 861 (6.7%) patients, and a positive RTA assay result with negative MT in 170 (1.3%). The
sensitivity of the RTA assay in detecting active TB was 91.3%, while the sensitivity of MT was 97.2% (p < 0.01).
Similar data were obtained in the same regions in 14,127 children with inactive TB: the sensitivity of MT was
higher than that of the RTA assay — 97.2% versus 95.2% (p < 0.01). In Moscow, due to the small number of
observations in 2022, it was not possible to show statistical reliability of the difference between the sensitivity of
MT and RTA assay in detecting active TB in 2017-2022 (95.8% and 92.1% respectively; p > 0.5). For the results
obtained in 2017-2021, the difference was significant (p < 0.05).

Conclusion. The sensitivity of MT is higher than that of the RTA assay in screening children for TB. It is
recommended to use the more sensitive MT test for screening children; screening with the RTA assay will increase
the number of undetected and undiagnosed cases of active TB in children. Currently, MT cannot be excluded from
the algorithm of early TB diagnosis in children.

Keywords: tuberculosis in children, tuberculin diagnostics, Mantoux test, Diaskintest, recombinant tuberculosis
allergen
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AHHOMayus

BBeaeHue. [Ins paHHen MMMyHoauarHocTuku Ty6epkynésa (Tb) B Poccun B TedeHue OecAaTUneTuin ucnonb3o-
Banu npody Manty (MM), ¢ 2013 . NOBCEMECTHO MACCOBO NMPUMEHSIETCA Npoba C aHTUTEHOM TyGepKyNnE3HbIM
pekombuHaHTHbIM (ATP).

Llenb peTpocneKkTMBHOIO aHanuTu4eckoro o6cepBaLioHHOrO KOropTHOMO CCIefoBaHWs — OLIEHKa pe3yrnbTaToB
UMMyHoauarHocTukn Th y aeTtei ¢ BnepBble BbISBNEHHBIM akTUBHbLIM Th.

Matepuanbi n MeTtoabl. VI3yyeHbl AaHHbIE NPOTUBOTYOEpKyne3HbIX yupexaeHun Poccmumn o pesynsratax MM m
npo6 ¢ ATP y Bnepsble BbisiBNeHHbIX B 2013—2018 IT. feTew ¢ akTUBHBIM 1 HeakTMBHbIM Th, a Takke aeTen ¢
akTuBHbIM Tb, BnepBble BbisBneHHbIXx B Mockee B 2017—-2022 rr.

Pe3ynbratbl 1 obcyxaeHue. B 2013-2018 . n3 12 902 o6GcnenoBaHHbIX AeTen ¢ akTmBHbiIM TE y 11 673
(90,5%) pesynbrat 06eunx KoxHbIX NPo6 6bin nonoxutensHelm, y 198 (1,5%) — oTpuuarteneHbiM. OTpuuartens-
HbI pe3yneTaTt Nnpobbl ¢ ATP npu nonoxutensHow MM yctaHoBneH y 861 (6,7%) 6onbHOro, a NONOXUTENbHBIN
pesynestat npu otpuuatensHon MM —y 170 (1,3%). YysctBuTENbHOCTL NPOGLI ¢ ATP Npun BbISABNEHUN aKTUBHOTO
TB coctaBuna 91,3%, a MM — 97,2% (p < 0,01). AHanornyHble AaHHbIe NoMyYeHbl B TeX e permoHax y 14 127
neten ¢ HeakTMBHbIM Th: YyBCcTBUTENBHOCTL MM OKasanach Bhilwe, Yem nNpodbl ¢ ATP, — 97,2% npoTtuB 95,2%
(p <0,01). B Mockse Bcneacteme manoro 4vicna HabnwogeHun B 2022 r. cTaTUCTUYECKYIO AOCTOBEPHOCTb Pa3Ho-
CTu nokasatenen vyscTButensHoct MM un npobel ¢ ATP npu BbisiBneHun aktnsHoro Tb B 2017-2022 rr. (95,8%
npotme 92,1%; p > 0,5) nokasaTb He yaanocs. Mo pedynsratam 3a 2017-2021 rr. pa3Huua okasanacb JOCTOBEpP-
Hom (p < 0,05).

3akntoueHue. YyscteutensHocTb MM npu ckpuHuHre ageten Ha Th Beiwe, 4em Npobbl ¢ ATP. [1na ckpyHUHra ae-
TeWn pekoMeHayeTcs Ncnonb3oBaTh 6onee YyBCTBUTENbHLIN TECT-ITM, Npu CKPUHWHIE C NCMONb30BaHNEM NpobbI
¢ ATP BospacTeT KONM4YeCcTBO MPOMYLUEHHbIX 1 CBOEBPEMEHHO HE AMarHOCTUPOBAHHbLIX CrlydaeB akTMBHOro Th
y aeten. B HacTosiwee Bpemsi [TM He MOXeT ObITb UCKINOYEHA U3 anropuTma paHHel auarHoctuku T y netei.

KnroueBble cnoBa: mybepkynes y demed, mybepkynuHoOuaeHocmuka, npoba Manmy, [JuackuHmecm, annep-
2eH mybepKyne3Hbili peKoMOUHaHMHbIL

Bmuyeckoe ymeepxdeHue. ViccnefoBaHve NpoBoaMock npy 4o06pOBObHOM MH(OPMUPOBAHHOM COrfacum 3aKoH-
HbIX MpPeacTaBUTENen HECOBEPLUEHHONETHNX NALUEHTOB Ha UCMOMb30BaHNe AaHHbIX B HAay4HbIX Lensx. MpoTokon uc-
cnepoBaHus ofobpeH 3Tndeckum komutetom LHUW Snuaemnonorum (npotokon Ne 136 ot 25.05.2023).

HNcmoyHuk puHaHcupoeaHusi. ABTOpbI 3asBMAT 06 OTCYTCTBMWN BHELLUHEro (OMHAHCUPOBAHWUSA NPU NPOBEAEHNN UC-
cnepoBaHus.

KoHgpbnnukm unmepecoe. ABTOpbI eKNapupyoT OTCYTCTBUE SIBHLIX W MOTEHUMANbHBLIX KOH(MMKTOB UHTEPECOB, CBS-
3aHHbIX C NyGnukaunen HacTosLLen CTaTbu.

Ana yumupoeaHus: Bonkosa H.A., Muxeea W.B., MenbHukoBa A.A., AkumkuH B.I. PeTpocnekTnuBHas oueHka pe-
3ynsTaToB MIMMYHOANArHOCTMKM Tybepkynesa y aeten. KypHan mukpobuonoauu, snudemuonoauu U UMmMyHobuosnoauu.
2024;101(1):52-60.

DOI: https://doi.org/10.36233/0372-9311-477

EDN: https://www.elibrary.ru/ypnicn

Introduction emerged. However, due to high specificity, these tests

In order to control tuberculosis (TB) incidence,
early diagnosis is an essential element. The importance
of preventive screening for TB was particularly evident
during the spread of COVID-19. It is estimated that
during the 3 years of the pandemic, disruptions in ac-
tive TB screening resulted in the late detection of 2011
TB patients (1.5% of the total number of TB patients
first identified) [1].

Since infection with the TB pathogen usually oc-
curs in childhood and adolescence and cases of infec-
tious process manifestation in adults are associated with
the activation of latent infection, the foundation of the
early TB detection system is screening of the pediatric
population. For more than a century, a clear system of
TB detection in children using skin immunologic tests
has been developed [2—4].

In recent decades, in vitro TB diagnostic methods
based on quantitative determination of interferon-y,
which is released when effector T lymphocytes come
into contact with specific ESAT-6 antigens, have

© Bonkoea H.A., MuxeeBa .B., MenbHukoBa A.A., AkumkuH B.T, 2024

have significant disadvantages: high cost, dependence
on the supply of imported materials, the necessity for
a specially equipped laboratory and for precautions
during blood collection to preserve the viability of in-
terferon-y-producing lymphocytes, as well as intrave-
nous manipulations, which especially limits the use of
this test in children [5, 6]. Therefore, the algorithm for
diagnosing the Mycobacterium tuberculosis infection
has not changed fundamentally, and skin diagnostic
tests are still used for screening [7].

For decades, screening of children for TB has been
carried out using the Mantoux test (MT); since 2009,
the test with recombinant tuberculosis antigen (RTA)
was carried out in certain regions, and since 2013, it has
seen widespread use [8, 9].

High sensitivity and specificity of the RTA assay
when used in patients with clinical and radiologic signs
of respiratory TB have been shown [10-12]. How-
ever, the RTA assay may be negative in people at ear-
ly stages of M. tuberculosis infection, in TB patients
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with pronounced immunopathology disorders due to
the severe course of the tuberculosis process, as well
as in people with concomitant diseases accompanied
by immunodeficiency state, which is especially rele-
vant in the context of the spread of a new coronavirus
infection [1, 13, 14].

A multitude of scientific papers have been devoted
to the study and evaluation of the results of MT and the
RTA assay [9, 11, 15]. The parameters of tuberculin di-
agnostics were established on a huge material (10.5 mil-
lion children in Moscow for 7 years): intradermal MT
with 2 TU (tuberculin units) of PPD-L (purified protein
derivative modified by Linnikova). The sensitivity of
the method was 94.7%, specificity — 41.7%. The prob-
ability of disease absence in case of a negative test was
99.9%. The probability of disease in a child with a pos-
itive test is 0.01% [16, 17], whereas negative reactions
to RTA can be detected in persons with inactive TB in-
fection [18, 19] and at early stages of infection with M.
tuberculosis [19, 20].

When selecting tests for screening, sensitivity is
the first factor taken into consideration. The sensitivi-
ty of a test is its ability to reliably detect the presence
of a given disease in a patient. In other words, sen-
sitive tests should not leave any patients unaccount-
ed for, although it is almost inevitable that in certain
cases the disease would be erroneously diagnosed for
conditionally healthy individuals. Sensitive tests are
recommended to be used in the early stages of diag-
nostic search to narrow its scope, when there are many
possible variants and diagnostic tests will allow to ex-
clude some of them. It should be noted that a negative
result of a sensitive test is particularly informative in
clinical practice [21].

Despite the differences in sensitivity and speci-
ficity of MT with 2 TU of PPD-L and RTA, which do
not allow to consider these methods interchangeable, in
the order of the Ministry of Health of Russia No. 951
of 29.12.2014", the replacement of MT with RTA for
TB screening in children 8 years of age and older
was approved. These recommendations contradicted
the previously existing sanitary and epidemiological
rules of SP 3.1.2.3114-13 "Tuberculosis Prevention"?.
However, certain subjects of the Russian Federa-
tion started to conduct screening using the RTA assay
[20]. Against this background, TB incidence increased
in subgroup IIIA and in all subgroups of group VI of
the dispensary registration group (DRG), which may
be due to the cancellation of preventive treatment of

' Order of the Ministry of Health of the Russian Federation of
December 29, 2014, No. 951 "On Approval of Methodological
Recommendations to Improve Diagnosis and Treatment of
Respiratory Tuberculosis".

Resolution of the Chief State Sanitary Doctor of the Russian
Federation from 22.10.2013 Ne 60 (ed. from 14.09.2020) "On
approval of sanitary and epidemiological rules SP 3.1.2.2.3114-13
"Tuberculosis Prevention" (together with "SP 3.1.2.2.3114-13...")".
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children in these DRGs in case of a negative reaction
to RTA [19, 20, 22].

Thus, the experience of the widespread use of the
RTA assay accumulated over a decade must be objec-
tively analyzed and evaluated, as there is still no con-
sensus among specialists (phthisiatrists, pediatricians,
epidemiologists) about the advisability of its use as an
alternative to MT [7, 18-20, 22].

In this regard, a study was conducted to retrospec-
tively evaluate the results of immunodiagnostics for TB
in children with newly diagnosed active TB using MT
and the RTA assay.

Materials and methods

A retrospective analytical observational cohort
study was conducted. The materials for the study were
the data received by Rospotrebnadzor from TB insti-
tutions in the federal subjects of Russia in accordance
with the request No. 01/5300-15-27 of 18.05.2015 "On
submission of information on TB screening of chil-
dren" and Rospotrebnadzor letter No. 01/7238-15-27 of
06.06.2017 "On the results of the study of the compara-
tive effectiveness of the Mantoux test (MT) and the test
with recombinant tuberculosis allergen (RTA)". The
data included information on the results of MT with
2 TU of PPD-L and the test with RTA in pediatric pa-
tients with newly diagnosed active and inactive TB in
2013-2018. The inactive form of the disease was con-
sidered to be TB in children registered in the Il DRG
(persons with clinically cured TB, with large and small
residual changes)®. Furthermore, we analyzed the re-
sults of immunodiagnostics using MT and Diaskintest
in child and adolescent patients (0—17 years old) with
active TB in Moscow in 2018-2022 according to the
data obtained from TB institutions of the city. The
study was conducted with the voluntary informed con-
sent of the legal representatives of underage patients
to use the data for scientific purposes. The study pro-
tocol was approved by the Ethical Committee of the
Central Research Institute of Epidemiology (protocol
No. 136 0f 25.05.2023).

Statistical processing of the results was carried out
using parametric statistics methods with determination
of the standard error of the relative value. Reliability of
differences between the relative values compared was
assessed using Student's t-criterion. The difference in re-
sults was considered statistically significant at p < 0.05.

3 Order of the Ministry of Health of the Russian Federation of
21.03.2003 No. 109 "On improvement of anti-tuberculosis mea-
sures in the Russian Federation"; Order of the Ministry of Health
of the Russian Federation of 13.03. 2019 No. 127n "On Approval
of the procedure for dispensary monitoring of tuberculosis pa-
tients, persons who are or have been in contact with the source
of tuberculosis, as well as persons suspected of tuberculosis and
cured of tuberculosis and invalidation of paragraphs 16-17 of the
Procedure for the provision of medical care to tuberculosis pa-
tients, approved by Order of the Ministry of Health of the Russian
Federation of November 15, 2012 No. 932n".
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Table 1. Results of MT and RTA assay in newly diagnosed active pediatric TB patients in 2013-2018

Of these with the results of the Mantoux test with 2 TE (MT) and the test with RTA

Total children with newly diagnosed

Year active tuberculosis MT+ RTA- MT+ RTA+ MT- RTA- MT- RTA+
n % n % n % n %
2013 4128 290 7,03 3750 90,84 46 1,11 42 1,02
2014 3850 261 6,78 3487 90,57 46 1,20 56 1,45
2015 1582 54 34 1485 93,5 32 2 11 0,7
2016 2435 232 9,3 2087 83,3 57 2,28 59 2,36
2017 522 12 2 502 82,6 7 1,2 1 0,2
2018 385 12 2,5 362 75,7 10 2,1 1 0,2
Total 12902 861 6,7 11673 90,5 198 1,5 170 1,3
Note. Here and in the Tables 2 and 3: "+" — positive result; "-" — negative result.
Results

According to data from TB institutions, 12,902
children were diagnosed with active TB for the first
time in 2013-2018*.

The absolute majority of patients (n = 11,673;
90.5%) were positive for both skin tests (Table 1).
In 198 (1.5%) children with active TB, both samples
were negative. A negative result of the RTA assay with
positive MT was found in 861 (6.7%) patients, and a
positive result with negative MT in 170 (1.3%). Conse-
quently, the sensitivity of RTA assay in detecting active
TB was 91.3% and the sensitivity of MT was 97.2%
(p<0.01). For 2013-2018, in 1059 children with newly
diagnosed active TB, the RTA assay showed a negative
result. Consequently, abandoning MT and switching to
RTA screening will increase the number of undetected
and undiagnosed cases of active TB in children.

Similar data were obtained when analyzing the
results of skin tests in children with newly diagnosed
inactive TB in the same regions of Russia in 2014—
2018 (Table 2). The absolute majority of patients
(n=12,953; 91.7%) had positive results of both skin
tests, 101 (0.7%) children had negative results. A neg-
ative result of the test with RTA in case of positive
MT was detected in 775 (5.5%) patients, a positive
result of the test with RTA in case of negative MT —
in 495 (3.5%). Thus, in the detection of inactive TB,
the sensitivity of MT was higher than that of the RTA
assay and amounted to 97.2%, while the sensitivity of
the RTA assay was 95.2% (p < 0.01). During 2014-
2018, in 876 children with newly diagnosed inactive
TB, the RTA assay was negative. Consequently, aban-
doning MT and switching to screening using the RTA
assay will increase the number of undetected and un-
diagnosed cases of inactive TB in children in a timely
manner.

4 Data were obtained from 57-81 subjects of the Russian Federation
in different years.

Due to the cancellation of using the MT meth-
od on children over 7 years of age in 20185, it became
impossible to continue the study nationwide. However,
thanks to the data obtained from TB institutions in the
capital, we were able to retrospectively evaluate the re-
sults of immunodiagnostics using MT and RTA assay
in children and adolescents (0—17 years of age) with
active TB in Moscow in 2017-2022.

A total of 515 cases of active TB in children were
reported over 6 years, and 447 cases were reported in
the epidemiologic investigation. Both skin tests were
performed only in 240 people, which made compara-
tive analysis difficult. Of the 240 children with active
TB, 217 (90.4%) had a positive result of MT and RTA,
while 6 (2.5%) were negative (Table 3). A positive re-
sult of tuberculin diagnostics with a negative test with
RTA was obtained in 13 (5.4%) children. The test with
RTA was negative in children diagnosed with focal, in-
filtrative pulmonary and intrathoracic lymph nodes TB.
A positive result of the RTA assay with negative MT
was recorded only in 4 (1.7%) children. Despite the fact
that the sensitivity of MT in detecting active TB was
higher than that of the RTA assay (95.8% and 92.1%
respectively), statistical reliability of the difference
between these indicators could not be demonstrated
due to the small number of observations in 2022 (only
17 cases with the results of both tests). If we analyze the
data for 2017-2021, the difference in the sensitivity of
MT and RTA assay is significant (p < 0.05).

Discussion

The results of this analysis confirmed previously
published data that the RTA assay can give false-nega-
tive results at the early stages of infection with M. fu-
berculosis and at the initial stage of TB process devel-
opment, which, unlike MT, does not allow for the full

5 See: Screening examination of children and adolescents to detect
tuberculosis infection: methodological guide. M.; 2018. p. 48
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Table 2. Results of MT and RTA assay in newly diagnosed inactive pediatric TB patients in 2014-2018

ORIGINAL RESEARCHES

Total children with newly diagnosed

Of these with the results of the Mantoux test with 2TE (MT) and the test with RTA

Year inactive tuberculosis MT+ RTA- MT+ RTA+ MT- RTA— MT- RTA+

n % n % n % n %
2014 2421 188 777 2170 89,63 22 0,91 41 1,69
2015 3002 157 523 2759 91,91 26 0,87 60 2
2016 2819 139 455 2862 928 17 0,6 66 2,1
2017 3090 175 5,7 2654 859 16 05 218 7.1
2018 2795 116 4,2 2508 897 20 0,7 110 3,9
Total 14127 775 55 12953 917 101 07 495 35

Table 3. Results of MT and RTA assay in newly diagnosed active TB patients in Moscow in 2017-2022

Of these with the results of the Mantoux test with 2TE (MT) and the test with RTA

Year Total childrgn with newly Qiagnosed
active tuberculosis MT+ RTA- MT+ RTA+ MT- RTA- MT- RTA+
n % n % n % n %
2017 68 5 7.4 60 88,2 1 1,5 2 2,9
2018 48 3 6,3 43 89,6 1 2,1 1 2,1
2019 47 2 43 45 95,7 0 0 0 0
2020 22 1 4,5 20 90,9 1 4,5 0 0
2021 38 2 53 35 92,1 1 2,6 0 0
2022 17 0 0 14 82,4 2 11,8 1 59
Bcero | Total 240 13 54 217 90,4 6 25 4 1,7

formation of risk groups, detection of the disease at the
early stages of its development and increases the prob-
ability of not detecting the disease [22, 23].

Even at the stage of RTA drug approbation, its
researchers [24] observed only 84.2% (95% CI 79.7—
88.8) of positive results of this test in patients with ac-
tive TB, and 94.5% (95% CI 83.0-97.9) in children and
adolescents (n = 200) with active respiratory TB after
the first phase of chemotherapy. Moreover, the response
to MT was positive in all 200 children in this subgroup.
It should be noted that the authors concluded on the ba-
sis of these quantitative data that the sensitivity of MT
and the RTA assay were the same, despite the statisti-
cally significant difference in sensitivity (p <0.05) [24].

A number of researchers have observed a negative
reaction to the RTA assay in 13-20% of children with
TB, including those with secondary forms of TB and
disseminated processes, including cases with bacterial
excretion [9, 15, 20, 25, 26].

Similar data were obtained by Y.A. Yarova et al.
[19], who noted that TB in children with negative re-
sults of the RTA assay persisted in complicated forms
of the primary period in 45.5 + 15.0% of cases, uncom-

plicated forms — in 27.3 + 13.4% of cases, generalized
lesions — in 27.3 £ 13.4% of cases.

According to other data, among children with TB
with negative reactions to RTA administration, patients
with active forms of TB accounted for 20.4%. M.E. Lo-
zovskaya et al. emphasized that mass tuberculin diag-
nostics is the leading method of detecting patients with
negative results of the RTA assay, thanks to which TB
was diagnosed in 70.4 + 8.8% of cases, in children with
residual post-tuberculosis changes — in 93.8 + 4.7% of
cases [23].

According to a large-scale retrospective obser-
vational study in 65 regions of the Russian Federation
[27], the rate of positive reactions to RTA administra-
tion in children with active TB in the first DRG was
more than 90% (92.1% in 2010, 90.1% in 2011, and
92.8% in 2012), which is almost identical to the results
of the present study.

A meta-analysis of published results of the RTA
assay over 10 years also showed that the proportion of
positive reactions of the RTA assay in children with
TB up to 14 years of age was lower (93.5%) compared
to MT, which showed positive results in 97.9% of cas-
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es (p = 0.688) [28]. At the same time, in most studies
of the RTA assay and according to clinical guidelines
[29], children with positive results were subjected
to computed tomography (CT), so the sensitivity of
the RTA assay was equal to that of CT, while chil-
dren with suspected TB based on MT results were not
referred to CT until they were positive for RTA [24,
30-32]. Furthermore, according to the instructions for
Diaskintest, not only positive but also questionable
and doubtful reactions to the RTA assay are subject
to TB screening®. However, despite all the regulatory
measures initially taken to increase the sensitivity of
the RTA test for TB detection, the results of its use in
practice have shown that its sensitivity is inferior to
that of MT.

According to our preliminary estimates, in Russia
as a whole, the number of undetected cases of active TB
in children would be about 300 per year if the country
switched to screening with only the RTA assay [33].
Therefore, in the algorithm of TB detection and diag-
nosis, the RTA assay and MT cannot be interchangeable
and complement each other. MT is able to determine the
presence of infection with M. tuberculosis and include
the patient in the TB risk group, has a wide range of

¢ Diaskintest. URL: http://www.diaskintest.ru

diagnostic capabilities in dynamics. The RTA assay has

diagnostic value and demand in TB risk groups (contact,
change of sensitivity to MT, social prerequisites, diseases
with similar clinical and radiologic picture) [22].

Conclusion

1. In 6.2-7.9% of children with newly diagnosed
active TB, the RTA assay was negative, while a nega-
tive MT result was detected in only 2.8—4.2% of them,
i.e. the sensitivity of MT in screening children for TB
is higher than that of the RTA assay. Between 2013 and
2018, in 1059 children with newly diagnosed active TB,
the RTA assay was negative. Consequently, abandoning
MT and switching to RTA screening will increase the
number of undetected and undiagnosed cases of active
TB in children.

2. A negative RTA assay result with a positive MT
result cannot be a guarantee that a child does not have
active TB, including bacteriuria, and requires addition-
al testing.

3. For TB screening of children, MT should be
used as a more sensitive test. As of now, MT cannot be
excluded from the algorithm of early TB diagnosis in
children and adolescents.
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Abstract

Introduction. The vertical route of hepatitis B virus (HBV) transmission is a significant problem in African
countries, which is characterized by late diagnosis of the disease and high mortality. The high prevalence of
hepatocellular carcinoma (HCC) in Africa may be due to variability in the HBV preCore/Core region, mutations in
which contribute to disease progression. Molecular genetic characterization of strains circulating among pregnant
women may reflect the overall mutational profile of the pathogen in the population.

The objective of this study was to analyze the variability of the HBV preCore/Core region circulating among
pregnant women in the Republic of Guinea.

Materials and methods. The study material included 480 plasma samples obtained from HBV-positive pregnant
women from the Republic of Guinea. For all samples, the nucleotide sequences of the preCore/Core region of the
HBV genome were sequenced and analyzed.

Results. Amino acid variability in the preCore region was determined in 211 (43.96%), and in the Core region
in 473 (98.54%) patients. 12 polymorphic sites of the preCore region were identified in which amino acid
substitutions occurred, including 8, 2 and 5 positions identified for genotypes E, A and D, respectively. In the
Core region, 67 substitution positions were identified, including 46 in samples of genotype E, 23 in HBV genotype
A and 26 in genotype D. It was shown that the distribution of substitutions in the preCore and Core regions in
HBV genotypes E, A and D differs significantly with a predominance in mutations among HBV genotype E —
p < 0.0001. Individual characteristic mutations have been identified for each genotype. The most common
clinically significant mutations in the preCore/Core region in the study group were identified, including pc-H5D
(27,08%), pc-W28* (35,21%), c-E64D (33,54%), c-L1161/V/G (91,46 %), c-T146N (73,13%). The double mutation
A1762T/G1764A in the basal core promoter was shown in 74 samples of HBV genotype E, which accounted for
15.42% of the total group and 16.59% of patients with HBV genotype E.

Conclusion. The frequency of clinically significant preCore/Core mutations among pregnant women in the
Republic of Guinea was determined. The data obtained reflect their prevalence in the general population and can
be used to predict the progression of chronic HBV among the region's population.

Keywords: hepatitis B virus, occult hepatitis B, HBV variability, genotypes, clinically significant mutations,
preCore/Core, laboratory diagnostics
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Bapua6enbHocTtb preCore/Core-pervioHa supyca renatuta B
y 6epemeHHbIX }eHWuH B [BuHenckon Pecny6nuke

OcraHkoBa 10.B.”™, banbge T.AJ1.2, bBym6anu C.3, Cepukosa E.H.", 3yeBa E.b.", Peiinrapar [.3.",
Lemenes A.H.", laBbigeHko B.C.", AHy¢ppmeBa E.B.', dcayneHko E.B.!, ToronaH Aper A.'

'®BYH «CaHkT-MeTtepbyprckmin HAW snmagemmnonorum n mukpobuonorum nmeHm Mactepa», CaHkT-MNMeTepbypr, Poccus;
2HayuHo-uccnefoBaTenbCkUn MHCTUTYT NpuknagHomn uonoruu MerHeun, Kniana, NerHeinckas Pecny6nvka;
3MexayHapoaHbIii nccnefqoBaTeNbCKUI LLEHTP Mo Tponudecknum nHbekumam B [BrHee, Hepekope, MBrHelcKan
Pecnybnuka

AHHOMauus

AxTyanbHOCTb. BepTukanbHbili NyTb Nnepenaym Bupyca renatuta B (BI'B) siensieTcs ogHum 13 Hanbonee 3Hauu-
MbIX B CTpaHax Adpukn, AN KOTOPbIX XapakTepHbl NO34Hee BbisiBIieHNe 3aboneBaHns U BbICOKash CMEPTHOCTb.
MpryYnHONM BLICOKOWM pacnpoCTpaHEHHOCTW renaToLenmonsapHON KapumHoMbl B Adprke MOXeT ObiTb BapuaTus-
HocTb preCore/Core-pernoHa BI'B, myTaumm B koTopom cnocobCTBYIOT NporpeccrMpoBaHmio 3abonesaHuns. Mone-
KyNSpHO-reHeTnYeckas xapakTepucTmka LWTaMmMOoB, LMPKYUPYIOLWNX cpean 6epeMeHHbIX XEeHLMUH, MOXeT oTpa-
XaTb 0OLWM MyTaUMOHHbIA NPOunb NaTtoreHa B NONyNALUn.

Llenbto Hawen paboTbl 6611 aHanu3 BapuabensHocTn preCore/Core-pernoHa BI'B, umpkynupytowiero cpeam be-
PEMEHHBIX XeHLUMH B BMHelckon Pecnybnuke.

Matepunanbl n metoabl. Viccnegosanu 480 o6pasuoB nnasmel, Nony4YyeHHbIX 0T BIB-no3uTnBHbIX 6GepeMeHHbIX
XeHLWWH n3 MBuHelickon Pecnybnuku. Ansa Bcex 06pa3uoB NPOBOAMINN CEKBEHUPOBAHWE 1 aHanmn3 HyKNeoTUaHbIX
nocnegosatensHocTeln preCore/Core-pernoHa reHoma BI'B.

Pe3synbsraTtbl. AMMHOKMCNIOTHAA n3MeH4nBocTb B preCore-permorHe onpegeneHa y 211 (43,96%) nauumeHTok,
B Core-pervioHe — y 473 (98,54%). BuisiBrneHbl 12 nonumopdHbIX y4acTkoB preCore-pernoHa, B KOTOPbIX Mpo-
MCXOANNN aMUHOKMUCINOTHbBIE 3aMeHbl, B TOM YMcne ans reHotunos E, A n D onpegeneHsl 8, 2 n 5 nosmumi co-
oTBeTCcTBEHHO. B Core-pervoHe onpeaeneHsbl 67 no3uumii 3ameH, B TOM Yncne 46 B obpasuax reHotuna E, 23 —
reHotuna A, 26 — reHoTtuna D. Pacnpepenenne 3ameH B preCore- n Core-pernoHax y BI'B-renotunos E, An D
3HAUMTENBLHO OTNUYAETCA ¢ NpeobnagaHvem MmyTaumii cpeam reHotuna E (p < 0,0001). Ons kaxgoro reHotuna
onpepgereHbl UHAMBMAYaNbHbIE XapakTepHble MyTauun. BeigBneHbl Hanbonee pacnpocTpaHEHHbIE KIMHUYECKM
3HauumMble MyTauum B preCore/Core-pervoHe B obcnegyemoii rpynne, B Tom yncne pc-H5D (27,08%), pc-W28*
(35,21%), c-E64D (33,54%), c-L1161/V/G (91,46%), c-T146N (73,13%). OABonHasa mytauus A1762T/G1764A B
6a3anbHOM a4epHOM NPOMOTOpPE NokasaHa B 74 obpasuax reHotuna E, uto coctaBuno 15,42% ot obuen rpynnbl
n 16,59% ot nauueHToB ¢ reHoTunom E.

3akntovyeHune. OnpegeneHa yacToTa BCTPEYAEMOCTU KIMHUYECKM 3Hauumbix myTaumin preCore/Core cpegm
B6epeMeHHbIX xeHWwwmH MBuHenckon Pecnybnuku. Mony4eHHble AaHHble OTpaXaloT UX pacrnpoCTPaHEHHOCTb B
obLwen nonynsuum n MoryT ObiTb MCMOMNBL30BaHbI AN NPOrHo3a NPOrpPeccMpoBaHNs XPOHUYECKOro renatuTta B
CpeAun HaceneHns 4aHHOro pernoHa.

KnroueBble cnoBa: supyc eenamuma B, ckpbimbil 2enamum B, gapuabenbHocmb BB, 2eHomunbi, KinuHU4e-
CKu 3Ha4yumble Mmymauuu, preCore/Core, nabopamopHasi OuagHocmuka

Amuyeckoe ymeepxdeHue. VccnegoBaHne NpoBoAUINOCh Npy AOO6POBONBHOM MHAOPMUPOBAHHOM COFflacumn nNaum-
eHTOB. Ha npoBeaeHne gaHHOro atana paboTbl 6birio nony4eHo cornacue HaumoHanbHOro kKomuTeTa no atuke MuHu-
cTepcTBa 3apaBooxpaHeHus [BuHenckon Pecnybnukm (npotokon Ne 129/CNERS/16 ot 31.08.2015).
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Introduction

Hepatitis B virus (HBV), which is capable of
causing both acute and chronic liver disease and is the
seventh leading cause of death worldwide, remains a
serious public health problem despite all measures tak-
en for its elimination. According to various researchers,
the number of patients chronically infected with HBV
in the world amounts to 360 million people!. More than
75 million of them live in sub-Saharan Africa, where
the population prevalence of the HBV surface anti-
gen (HBsAg), the main laboratory diagnostic marker,
exceeds 8% and in some regions it could even reach
25% [1]. Natural routes of transmission include sexual
(direct sexual contact), vertical (from mother to fetus
during or after childbirth), as well as prenatal (trans-
placental) infection, and transmission due to household
contacts, including direct and indirect, including shar-
ing hygiene items and similar methods of contact with
an infected person. One of the most significant routes
of HBV transmission in Africa is vertical transmission
[2]. Without therapeutic intervention, the incidence of
mother-to-child transmission exceeds 31% [3]. The par-
ticular importance of early infection is due to the fact
that when infected before the age of 5 years, the vast
majority of cases develop chronic HBV [4]. Further-
more, early HBV infection is one of the most significant
risk factors for liver cirrhosis (LC) and hepatocellular
carcinoma (HCC) development [5]. Another reason for
the huge number of HCC patients and the high mortal-
ity rate in Africa is the late diagnosis of the disease and
the consequent late referral of patients to health facili-
ties [6]. The most affected country is Gambia, followed
by the Republic of Guinea, Liberia and Sierra Leone
[7]. This is due to both insufficient coverage with di-
agnostics and very low public awareness of viral hep-
atitis, routes of transmission and the consequences of
infection. In addition to social factors, viral factors can
influence the progression of the disease. Thus, a high
viral load and active viral replication as a result of that
increases the risk of LC and HCC, but even a viral load
of less than 200 IU/ml does not exclude disease pro-
gression [8]. The high heterogeneity of the virus, for
which 10 genotypes and more than 40 sub-genotypes
are currently described, also has an impact on disease
progression [9, 10]. For example, HBV subgenotype
C2 is characterized by more frequent chronicity and
severe disease course, including the development of
HCC, than B2, and viruses of genotypes A and B are
more sensitive to therapy than D and C [11].

However, the genotypic factor is not the only pa-
rameter contributing to disease progression; natural and
selective viral mutations also play a major role. With
the exception of rare deletions, most mutations in the
preCore/Core region are point mutations, mainly asso-

' WHO. Hepatitis B: Fact sheet. 2023. URL: https://www.who.int/
ru/news-room/fact-sheets/detail/hepatitis-b

ciated with decreased HBeAg levels and/or decreased
viral load. Moreover, in the Core region, mutations are
localized mainly in the immunogenic regions (MHC
classes I + II) and thus may influence disease progres-
sion. For example, mutations in the preCore region
(G18964) and in the basal core promoter (BCP) —
T1753C, A1762T/G1764A4, amino acid substitutions
in the Core region — F24Y, E64D, E77Q, ASOI/T/V,
L1161, E1804 — are known to be associated with a se-
vere course of liver disease and development of HCC
[12]. Molecular genetic variation in viruses may show
links to spatial and temporal variation, i.e. evolution
over time, spread in geographic regions, at-risk groups,
key populations, changes in transmission routes [13].
Therefore, dynamic monitoring of circulating virus
variants in population groups reflecting the situation in
the population and potentially capable of spreading the
pathogen is quite important for predicting the epidemi-
ological situation. Pregnant women are a group which
fit that category, as they demonstrate the epidemiolog-
ical profile of the sexually mature heterosexual popu-
lation of a particular geographical region under study.

The Republic of Guinea, a country of more than
13.6 million people on the Atlantic coast of West Afri-
ca, is one of the poorest countries in the world?, where
medicine remains the least publicly funded area. Thus,
in 2019, the country's GDP contribution to the health
and social work sectors did not exceed 3.2%°. Preven-
tion of vertical transmission of HIV, a key factor in
improving maternal and child health, has been signifi-
cantly reduced, and the average number of visits to an-
tenatal care clinics has decreased [14, 15]. At the same
time, the prevalence of HBV in the country is extremely
high: unlike HIV, testing for viral hepatitis markers is
rarely performed, even during antenatal check-ups of
pregnant women, so most patients are not diagnosed
with the disease. Since there is no screening for viral
hepatitis, there is no prevention of vertical transmis-
sion of HBV. The incidence of HBV DNA is 22.36%
among conventionally healthy individuals [16], 30.4%
among blood donors [17], and 26.5 % among pregnant
women in some regions of the country [18, 19]. It was
previously shown that almost all HBsAg-positive wom-
en who gave birth naturally transmitted the virus to the
child [20].

Despite the implementation of HBV vaccination
in the country in 2006, the vaccination coverage cur-
rently does not exceed 47% of the population, which is
due to the lack of a well-established infrastructure for
storage and transport of vaccines that require compli-
ance with the cold chain, as well as to the socio-cultural

2 Countrymeters. Guinea Population. URL: http://countrymeters.
info/en/guinea (nara obpamenus: 09.03.2023).

3 INS GUINEE. Annuaire Statistique; 2019. URL: https://www.
stat-guinee.org/images/Documents/Publications/INS/annuelles/
annuaire/ ANNUAIRE_STATISTIQUE_AGRICOLE_ 2019 _
INS_FINALISE.pdf (nata obpamenus: 20.12.2022).
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peculiarities of the population, distrust of local resi-
dents in medical personnel [21].

There are relatively few data on the molecular ge-
netic features of the virus circulating in the Republic of
Guinea, and the characterization of the preCore/Core
region is very limited in the literature [22].

The objective of this study was to analyze the
variability of preCore/Core region of HBV strains cir-
culating among pregnant women in the Republic of
Guinea.

Materials and methods

Blood plasma samples obtained from 480 HBV-in-
fected pregnant women living in the Republic of Guin-
ea were used in this study [19]. Laboratory studies were
conducted at the Russian-Guinean Scientific Research
Centre for Epidemiology and Prevention of Infectious
Diseases, located at the Institute of Applied Biology of
Guinea in the prefecture of Kindia. The consent of the
Ethical Committee of Guinea was obtained for this stage
of work (protocol No. 129/CNERS/16 of 31.08.2015).
All subjects gave written informed consent to partici-
pate in the experiment.

HBYV DNA in blood plasma was determined by re-
al-time PCR with hybridization-fluorescence detection
using a method developed at the St. Petersburg Pasteur
Research Institute of Epidemiology and Microbiology,
which allows detection of HBV DNA at low viral load.
The sensitivity of the method is 10 IU/ml when extract-
ed from 100 ul of plasma [23]. Nucleotide sequences
of complete HBV genomes were obtained using nest-
ed PCR based on overlapping primer pairs followed by
Sanger sequencing [22]. The obtained HBV sequences
were analyzed to identify mutations in the studied region
of the HBV genome relative to the consensus sequence
of the Mart-B47 virus (HE974377.1, genotype D) [23]
to ensure uniformity in the designation of substitution
positions and to identify substitutions characteristic of
some genotypes but poorly (or not at all) represented in
others. Furthermore, all sequences of genotypes A, D
and E were analyzed relative to the reference sequences
of the corresponding genotypes (GenBank internation-
al database numbers AY128092.1, NC 003977.2 and
ABO032431.1, respectively). The online database tool
Geno2Pheno HBV*, as well as Hepatitis B Virus Phy-
logenetic Typing Tool® were used, where AY128092.1,
NC_003977.2 and AB032431.1 were also selected as
reference strains from the proposed strains.

Statistical data processing was performed using
the programs MS Excel, Prizm 5.0 (GraphPad Software
Inc.), Statistica 8.0 (StatSoft Inc.). The Clopper-Pear-
son exact interval was used to assess statistical error.
The results are presented with 95% confidence interval
(95% CI). To assess the reliability of differences be-

4 URL: https://hbv.geno2pheno.org/
5 URL: https://www.genomedetective.com/app/typingtool/hbv/
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tween data obtained in pairwise comparisons, the Fish-
er’s exact test or the y* test with Yates correction was
used, depending on the characteristics of the samples.
A probability value of p < 0.05 was determined as the
threshold for the reliability of differences.

Results

The age of the subjects ranged from 13 to 55 years
and averaged 25.8 years. The number of HBsAg-neg-
ative cases was 188 (39.17%; 95% CI 34.77-43.69%)).
HBYV genotypes determined on the basis of phylogene-
tic analysis are presented in Table 1 [19].

The nucleotide sequences of the viral genome of
each sample were analyzed to study the preCore/Core
region variability of HBV in the study group. The amino
acid variability of the preCore region was determined
in 211 individuals (43.96%; 95% CI 39.46-48.53%)
and that of the Core-region in 473 individuals (98.54%;
95% CI1 97.02-99.41%). Analysis of the preCore region
revealed 12 polymorphic sites in which amino acid sub-
stitutions occurred, including 8 positions identified for
genotype E, 5 for genotype D, and 2 for genotype A.
The occurrence of amino acid substitutions in the pre-
Core region is shown in Fig. 1.

During the comparative analysis, the distribu-
tion of mutations among HBV genotypes E, A and D
was found to be significantly different (p < 0.0001).
For genotype E, H5D, L8Q, and CI2R substitutions,
among others, were identified, which are not represent-
ed among isolates of genotypes A and D. In turn, the
V'17L/I mutation was shown only for HBV genotype A,
and substitutions 4197, S20F, L27V were detected only
in HBV genotype D. When analyzing the distribution of
amino acid substitutions present in at least 2 genotypic
groups, significant differences were also identified with
a predominance of mutations among HBV genotype E:
¥’ =16.206; df = 8; p = 0.0395.

In the Core region, 67 positions of amino acid sub-
stitutions were identified, including 46 for genotype E,
23 for genotype A, and 26 for genotype D. The most
common amino acid substitutions occurrence in the
Core region is presented in Fig. 2.

The distribution of Core region mutations among
HBYV genotypes E, A and D is also significantly differ-
ent (p < 0.0001). For genotype E, substitutions S27/H,

Table 1. Hepatitis B virus genotypes circulating among
pregnant women in the survey group

Genotype Quantity Share, % 95% ClI
A1 8 1,67 0,72-3,26
A3 7 1,46 0,59-2,98
D1 3 0,63 0,13-1,82
D2 5 1,04 0,34-2,41
D3 1 2,29 1,15-4,06
E 446 92,9 90,24-95,05
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Fig. 1. Frequency of amino acid substitutions occurrence in the preCore region of the hepatitis B virus genome
in the examined group and according to genotypes.
* — stop codon. Amino acid substitutions are presented relative to the consensus sequence of the Mart-B47 virus (HE974377.1, genotype D)

with additional analysis relative to genotype-specific reference sequences AY128092.1 (genotype A), NC_003977.2 (genotype D)
and AB032431.1 (genotype E).

V271, R28K, Y38F, R39G, E46D, P790Q, MI93V/I,
G944, F103L, 1105T, TI114P/V, FI122C, WI125T,
R133T, S141P, L143T, T146N, V1491, R152G, R166P,
RI81P, Q184R/K/H, were identified, though not repre-
sented among HBV genotype A and D samples. Only
mutations A11S, A34S, G63V, E77D/Q, L95I, T1421/S,
DI153G, RI59G, S183P were detected among HBV
genotype A, and mutations /3L, D4Y, F9I, V13G, LI5F,
S17L, L19F, D29G, Q57R, L162N, S178T were found
among HBV genotype D samples. Evaluation of the dis-
tribution of polymorphic variants identified in at least 2
genotypic groups demonstrated significant (p < 0.0001)
differences with higher frequency of occurrence and di-
versity of substitutions among HBV genotype E. Com-
parative inter-genotype analysis of the most common
Core region amino acid substitutions occurrence in the
examined group also showed differences (p < 0.0001).
The A1762T/G1764A double mutation was de-
tected in the BCP of 74 HBV genotype E samples, ac-
counting for 15.42% (95% CI 12.3-18.96%) of the total
group and 16.59% (95% CI 13.26-20.38%) of patients
with HBV genotype E. Information about the most fre-
quent clinically significant BCP and preCore/Core re-
gion mutations in the group is presented in Table 2.

Discussion
The C gene and the Pre-C region of 555 nt and
87 nt, respectively, encode two proteins: HBcAg of
185 amino acids and HBeAg of 150 amino acids, which
are the product of alternative translation initiation from

two AUG codons and post-translational modification.
From the inner AUG codon, the structural polypeptide
of the viral capsid Core protein of 21 kDa in size is
synthesized. A 24 kDa preCore protein is encoded from
the upstream AUG codon. The Core protein plays a key
role in the HBV life cycle, and changes in its sequence
can serve as potential markers of disease progression
[12]. HBcAg serves as a key target for the host immune
response, especially attack by CD4 and CDS8 cytotox-
ic T-lymphocytes, whereby nonsynonymous mutations
that alter immune epitopes can lead to the formation
of escape variants from the immune response, result-
ing in HBV persistence. Moreover, as substitutions in
Core region can lead to simultaneous substitutions in
HBeAg, a key immunity regulation protein of the vi-
rus, they can have a significant impact on the natural
course of chronic HBV [28]. BCP also plays a crucial
role in viral replication, contributing to the formation of
preCore and pregenomic RNA [29], which means that
mutations in this region may also contribute to disease
development. Mutations in different regions of the viral
genome leading to such changes may be a consequence
of both natural evolution of the virus and external influ-
ence, since both endogenous and exogenous selective
effects lead to modification of the pathogen genome
structure due to its high variability, especially during
the long-term course of the disease [24].

In the study group, 15 people had HBV genotype
A, including 8 cases of genotype Al, which is ende-
mic to Africa and has a long evolutionary history on the
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Fig. 2. Frequency of the most common amino acid substitutions occurrence in the Core region of the hepatitis B virus genome
in the examined group and according to genotypes.
Amino acid substitutions are presented relative to the consensus sequence of the Mart-B47 virus (HE974377.1, genotype D) with additional
analysis relative to genotype-specific reference sequences — AY128092.1 (genotype A), NC_003977.2 (genotype D) and AB032431.1
(genotype E).

continent. It has been previously shown that Africans
infected with subgenotype Al have a 4.5-fold higher
risk of developing liver cancer than those infected with
other genotypes, with cancer developing at an earlier
age [30].

The majority of the cohort studied in the pres-
ent study consisted of patients with HBV genotype E.
This genotype is one of the most common variants in
sub-Saharan Africa, including the Republic of Guinea
and its neighboring countries. Despite its widespread
occurrence, this variant of the virus has a relatively low
genome variability compared to others, which may in-
dicate its shorter evolutionary history [31]. At the same
time, some researchers have raised concerns about the
efficacy of HBV vaccine in genotype E, as breakthrough
infections have often been observed in this genotype.
Presumably, this may be due to the double mutation
A1762T/G17644 in BCP, associated not only with the
progression of liver disease, but also with a reduced
level of secreted HBeAg, eluding the immune response
[32]. Thus, the high incidence of HCC known for HBV
genotype E may be related to both the prevalence of
genome alterations leading to disease progression and
the previously mentioned late detection of infection,
with one factor complimenting the other [31]. A high
occurrence of the A17627/G17644 double mutation
(15.42%) was shown in our study group. Furthermore,
a significant number of mutations in the preCore/Core
region of HBV were detected, including a high frequen-

cy of the preCore G18964 mutation (35.21%), leading
to the appearance of a stop codon (W28%*), premature
termination of the HBeAg precursor, responsible for
more than 90% of cases of defective HBeAg secretion
and, consequently, cancellation of antigen expression,
which is characteristic of patients infected with HBV
genotype E [33]. Note that a similarly high prevalence
of the G18964 mutation (47.11%) was previously
shown in residents of the Republic of Guinea with HBV
genotype E [22]. The preCore region amino acid sub-
stitution HSD of HBV genotype E in HBsAg-negative
genotype E identified in the present study is associat-
ed with severe liver disease. This mutation may also
partially explain the high prevalence of HCC in Africa.
Two more mutations, K2/N/Q/R and G29D in the pre-
Core region, significant for the development of HCC
and associated with severe disease in HBsAg-negative
individuals, were identified among isolates of geno-
types E and D [26]. A significant number of mutations
in the Core region at positions 113—143, known to af-
fect antigenicity and particle stability and resulting in
immune eluding mutants leading to chronic persistence
of the virus, were found in the examined group.

For most of the amino acid substitutions identified
in the Core-region, there is no reliable information on
their clinical significance; however, HBcAg immune
recognition sites are known, including target epitopes
for human CD4* T cells (amino acid positions 1-20,
50-69, 81-105, 117-131, 141-165), cytotoxic T lym-
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Table 2. The most prevalent clinically significant mutations identified in the BCP and preCore/Core region in examined group

Frequency of occurrence
HB\r/egg?gr?me Mutation in the group (n = 480) Genotype Clinical significance of the mutation
n % 95% CI
BCP A1762T/ 74 15,42 12,30-18,96 Disease progression, liver cirrhosis and HCC [24, 25]
G1764A
PreCore H5D 130 27,08 23,16-31,30 Associated with severe liver disease in HBsAg-negative HBV
genotype E. This mutation could partially explain
the high prevalence of HCC in Africa 26]
PreCore K21N/Q/R 31 6,46  4,43-9,04 E,D Presumably associated with disease progression, especially
in HBsAg-negative patients [26]
PreCore Ww28* (G1896A) 169 35,21 30,93-39,67 E,A Disease progression, liver cirrhosis and HCC [24, 25]
PreCore G29D (G1899A) 88 18,33 14,97-22,09 E,D
Core E64D 161 33,54 29,33-37,96 E,A,D Disease progression, liver cirrhosis and HCC,
immune escape [24, 25]
Core E113Q 19 3,96 2,40-6,11 E,A Immune escape, selection of specific antibodies,
chronic persistence of the virus, disease progression,
Core T114PIV 44 9,17 6,74-12,11 liver cirrhosis and HCC [24, 25]
Core L1161/V/G 439 91,46 88,59-93,8 E,D
Core F122C 11 2,29 1,15-4,06
Core W125T 13 2,71 1,45-4,59
Core P130T 29 6,04  4,08-8,56 E,D
Core A131P 67 13,96 10,98-17,38 E,A
Core R133T 11 2,29 1,15-4,06 E
Core S141P 12 2,5 1,30-4,33 E Enhance the formation of HBV cccDNA during intracellular
amplification, but impair cccDNA formation during infection
Core L143T 14 292 1,60-4,85 E [27]. Immune escape, selection of specific antibodies,
chronic persistence of the virus, disease progression, liver
Core T146N 351 73,13 68,92-77,04 E

cirrhosis and HCC [24, 25]

phocytes/CD8" T cells (amino acid positions 18-27,
88-96, 130-140, 141-151), and B—cell epitopes (amino
acid positions 74-89, 107-118, 127-138). Mutations
in such immunogenic regions of HBcAg are vital for
virus persistence, host immune response, and disease
progression [25]. Thus, among the detected amino ac-
id substitutions, a number of mutations are of potential
clinical significance, contributing to the development
of chronic HBV, for example, localized at T cell epi-
tope sites (T12S, E64D, L65V, M661, T67N/S, A69S,
N87G/S, TIIN/S, MI3V/I, G944, 197F, F103L, 11057,
F122C, WI125T, P130T, A131P, S141P, L143T, T146N,
V1491, R151Q, R152G, S157I) and B cells (N74V/A,
P790, A80T, N87G/S, L1081, E113Q, T114P/V, L1161/
V/G, P130T, A131P, R133T). Amino acid substitutions
in key immune epitopes have the potential to evade
the immune response, which in turn may be one of the
causes of HBsAg-negative HVB, lead to persistent in-
fection and high variability in all regions of the viral
genome [34]. It should be noted that among the listed
mutations there are those that are significantly associat-
ed with the development of liver cirrhosis and HCC, in-
cluding those located in B-cell epitopes £77D/Q, AS0T

and L1161/V/G, as well as in T-cell epitopes £64D and
T9IN/S. Given the high occurrence of such substitu-
tions, their significant role in the increased prevalence
of severe liver diseases in African countries, especial-
ly in cases of HBV genotype E, cannot be excluded.
The amino acid substitutions of particular interest are
those detected in absolutely every genotype E individu-
al examined — E40D, N74V/A, N87G/S, 197F, R181P,
E182A4/P, which, given their 100% representation, may
be characteristic of genotype E in general or associated
with the peculiarities of this genetic variant of the virus
in the Republic of Guinea, but, on the other hand, are
associated with the progression of liver disease.

The study showed greater variability in the pre-
Core/Core region of genotype E compared to A and D,
while it is known that HBV genotype E in general is
characterized by relative heterogeneity compared to
other genotypes. It is apparent that the results of this
study contradicting this fact are related to the fact that
isolates of genotype E prevailed in the group, while
genotypes A and D are represented by single cases.

The occurrence of mutations among HBV geno-
type E isolates has increased significantly over the past
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15 years. In 2009, P. Garmiri et al. demonstrated that in
the Republic of Guinea, 26.0% of HBV genotype E cas-
es had 1 or more mutations at positions 1762, 1764 and/
or 1896, a premature stop codon associated with the
G18964 mutation was observed in 20.8% of sequenc-
es, and 5.2% had a triple mutation [35]. In this current
study, G1896A4 presented 1.5 times more frequently
(35.21%), and triple mutation was shown in 47 indivi-
duals — 9.79% (95% CI1 7.28—-12.81%) of the total group
and 10.54% (95% CI 7.85—13.77%) of those with geno-
type E. These mutations most likely represent a conse-
quence of natural polymorphism of the virus. However,
mutations in positions 1762, 1764, 1896 are among the
most common. In Pakistan, A1762T/G1764A was ob-
served in 30% of cases, G18964 — in 38% of cases
[36]. In Ethiopia, the occurrence of 41762T/G1764A
was 25.9% of cases and G18964 was 25.2% of cases
[37]. In Brazil, the occurrence of 41762T/G1764A4 was
59.3% of cases and G18964 was 84.1% of cases [38].
Furthermore, the occurrence of these mutations is often
associated with the virus genotype. For example, the
occurrence of A1762T/G1764A4 in Vietnam was 93.3%
for genotype C and 50% for genotype B, and G1896A4
was 74.2% for genotype B and 2.2% for genotype C
[39]. The analysis of 6479 HBV sequences of different
genotypes from the international database allowed us to
determine the overall frequency of 41762T/G17644 —
28.9%, the representation of this double mutation in
relation to genotypes was as follows: A—26.9%; B —
15.5%; C—46.1%; D—21.5%; E—11%; F —22.5%;
G — 97.5%; H — 3.8%, but it should be noted that
the sample volume of genotypes E-H was significantly
smaller than the other genotypes [40]. This seems to be
the reason for the relatively low occurrence of 4176217/
G17644 in genotype E, whereas, for example, in Ni-
geria, where the study population was predominantly
genotype E, 41762T/G1764A4 was detected in 43% of
cases and G1896A4 in 57% of cases [41].

It should be noted that in our cohort HBsAg-neg-
ative and low viral load samples showed more variabil-
ity throughout the preCore/Core region, which may be
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related to the inhibition of HBV replication due to mu-
tations in preCore/Core region. Numerous studies have
described an association between the frequency of mu-
tations in the preCore/Core region and the progression
of liver disease in HBV-infected patients, but the asso-
ciation between amino acid substitutions and clinical
severity of disease varies considerably both between
different populations and between studies conducted in
the same populations. This apparent discrepancy can be
explained by various factors, including virus genotype,
patient ethnicity, host immune competence, and coin-
fection with other viruses. Nevertheless, a number of
mutations that have been shown to be significantly as-
sociated with liver cirrhosis and HCC, as well as affect-
ing HBeAg serological status, may serve as diagnostic
and prognostic markers for early detection of liver dis-
ease progression in HBV-infected individuals.

Conclusion

The prevalence of clinically significant amino ac-
id substitutions in HBV preCore/Core region in treat-
ment-naive pregnant women in the Republic of Guinea
reflects their occurrence in the population and indirect-
ly explains the reasons for the extremely high incidence
of HCC in African countries. A number of such amino
acid substitutions, associated with disease progression
as shown for genotypes A and D, are characteristic of
genotype E. Identification of genotypes and mutations
in the virus genome can be used to predict disease pro-
gression. The identified variability indicates the need
to study the peculiarities of the pathogen and host im-
mune response, including in HBsAg-negative HBV
infections. The results of this study demonstrate the
necessity to raise awareness of the growing epidemic
crisis of HBV in sub-Saharan Africa. This region is at
the bottom of the list in terms of access to a range of
health care services, including screening, diagnosis and
treatment of people infected with the virus. The results
of the study can serve as baseline data for estimating
national HBV incidence and planning mass HBV im-
munization in the Republic of Guinea.
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An integrative approach to assessing the pathogenic potential
of Escherichia coli strains isolated from urine
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Abstract

Introduction. Uropathogenic Escherichia coli (UPEC) are characterized by the ability to survive and reproduce in
the urinary tract due to the presence of specific virulence factors. In routine laboratory practice, the detection of
diagnostically significant bacteriuria does not provide an idea of the level of infection of the urinary system (renal
parenchyma, bladder), the pathogenic potential of the strain in the progression and chronicity of the infectious
process, and the occurrence of life-threatening conditions (urosepsis, meningitis).

Objective. To characterize the population structure, genetic diversity and pathogenic potential of E. coli strains
isolated from urine.

Materials and methods. 194 strains of E. coli isolated from urine were studied. Detection of 17 genes encoding
the synthesis of: adhesins (pap, fimH, sfa, focG, afa), toxins (hlyA, cvaC, cnf, cdtB), capsular antigens (kpsMTII,
kpsMTIII, kpsMT K1), siderophores (fyuA, iutA), invasins (ibeA), genetic markers of the pathogenicity island (PAI)
of UPEC CFTO073, the gene (fraT) encoding serum resistance capacity and phylogenetic groups were performed
by PCR (CXT-1000, BioRad, USA) with published primers (Synthol, Sibenzyme, Evrogen, Russia). To assess the
statistical significance of differences, Fisher's exact test was used. Differences were considered significant at a
confidence interval of 95% (p < 0.05).

Results. E. coli strains more often (p < 0.05) belonged to the phylogenetic group B2 (57.7%). Pathogenetically
significant virulence determinants were identified in 97.9% of strains. Based on the combination of 17 genes, 134
individual virulence genotypes were identified. In 93.3% of strains, a genetic predisposition to the occurrence
of recurrent urinary tract infections (UTIs) was revealed, in 6.9% there was a potential for the development of
pyelonephritis and recurrent cystitis. Markers of life-threatening complications of UTI were identified in 12% of
strains, of which 10.7% were the development of urosepsis and 1.3% were meningitis.

Conclusion. Detection of a complex of genes in E. coli strains isolated from urine confirms the etiological
significance of the isolate and allows one to assess the pathogenic potential for the development of chronic and
severe life-threatening complications.

Keywords: urinary tract infections, uropathogenic E. coli, UPEC, virulence, laboratory diagnostics
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NHTerpaTtnBHbIN NOAXOA K OLieHKe NaTOreHHOro noTeHuynana
wrammoB Escherichia coli, BbigeneHHbIX 13 Mmoun
MakapoBa M.A."**, MaTeeeBa 3.H.', Ka¢pTbipesa J1.A."2

'CaHkKT-leTepbyprcknii HayYHO-UCCNeA0BaTENbCKMIA MHCTUTYT SNUAEMUONOrNN 1 MUKpobronorumn nmenu MNactepa,
CaHkTt-letepbypr, Poccus;
2CeBepo-3anagHan MeguumnHcKan akagemusa umenn WM. MeuHnkosa, CaHkT-lNeTepbypr, Poccua

AHHOMayus

AxTyanbHocTb. YponatoreHHble/Uropathogenic Escherichia coli (UPEC) xapaktepu3yloTcs CnoCOBGHOCTbIO
K BbPKMBAHMWIO U Pa3MHOXEHMWIO B MOYEBOM TpaKTe 3a CHET Hannums cneundudeckmx akTtopoB BUPYNEHTHOCTM.
B pyTMHHOM NpakTuke BbISBNEHWE ANArHOCTUYECKN 3HaYMMon Baktepnypun He OaET NpeacTaBneHns o nokanu-
3aUMn UHPULMPOBAHUSA MOYEBON CUCTEMbI (MOYEYHAst NAPEeHXMa, MOYEBOW Ny3bipb), MATOFEHHOM NoTeHuuane
BbIJEMEHHOrO LWTaMMa B MPOrPeCCMPOBaHUN Y XPOHM3aLMN UHAEKLMOHHOIO NpoLiecca, BOZHUKHOBEHUN XU3He-
YrpoXatoLLmMxX COCTOSAHWI (YPOCEMNCUC, MEHWHIUT).

Llenb — oxapakTepn3oBaTb NOMNysiLMOHHYI CTPYKTYPY, FfeHETUYeCcKoe pa3Hoo6pa3ne 1 NaTtoreHHbIn noTeHuman
wtammoB E. coli, BbIAENEHHbIX N3 MOYMN.

MaTtepuanbl u metoabl. M3yyeHbl 194 witamma E. coli, BbiaeneHHble 3 moun. fetekumo 17 reHoB, KOAMPYHO-
LUMX CUHTE3: aare3vHoB (pap, fimH, sfa, focG, afa), TokcuHoB (hlyA, cvaC, cnf, cdtB), kancynbHbIX aHTUTEHOB
(kpsMTII, kpsMTIII, kpsMT K1), cuoepocopoB (fyuA, iutA), nHeasmHoB (ibeA), reHeTUYECKMX MapKepoB OCTPOBa
natoreHHocTn UPEC CFTO073, reHa traT, koanpytowero haktop pe3ucTEHTHOCTU K BakTepuumaHOMy OeACTBUIO
CbIBOPOTKU M MPUHAANIEXHOCTb K (DUNOreHETUHECKMM rpynnam, BbinonHanm metogom MNUP. [ns oueHkn ctatu-
CTUYECKON 3HAYMMOCTU PasnuMumMin NPUMEHSANN TOUHbIA KpuTepuin Puwepa. [JoCTOBEPHBIMU CHMTANM pasnuyns
npu 95% pnoseputensHom uHTepBane (p < 0,05).

Pesynbrathbl. WUtammel E. coli vawe (p < 0,05) npuHagnexanu k dunoreHetuyeckon rpynne B2 (57,7%). Ma-
TOreHeTUYEeCKN 3HaYMMbIe AETEPMMHAHTBI BUPYNEHTHOCTU BbisBNeHbl y 97,9% wrtammos. Mo covetanuio 17 re-
HOB ycTaHoBMeHbl 134 nHAMBMAYanbHbIX reHoTMNa BUPYNeHTHOCTU. Y 93,3% LuTaMMOB BbISIBNEHa reHeTnyeckas
npeapacnonoXeHHOCTb K BO3HUKHOBEHWIO PeLMaNBOB MHAEKLMIA MOYEBLIBOAALLMX NyTeN, y 6,9% — noTeHuman
pa3BuTUs NMenoHedpuTa 1 peumanBmpyoLero umctuta. Mapkepbl Xn3HeyrpoxaroLmx OCNOXHEHUA MHPEKLMIA
MOY€BbIBOAALLMX NyTEN BbiABMNEHbI Y 12% wtammoB, u3 Hux 10,7% cBMOeTenbCTBOBANU O pasBUTUM ypocencu-
ca, 1,3% — MeHuHrnTa.

3aknwoyeHue. [leTekuuss KOMNNekca reHoB B wtammax E. coli, BbleNeHHbIX U3 MO4YM, MoATBEpXKAAeT 3TUOrO-
TMYECKYH 3HAYMMOCTb M30MsiTa U NO3BOMSET OLEHUTb NAaTOreHHbIN NOTEHUMAn pasBUTUS XPOHUYECKUX (hOPM U
TSKEMbIX KMU3HEYTPOXAOLLMX OCMOXHEHWA.

KnroueBble cnoBa: uHghekyuu mMoyesbigolsauwux nymed, yponamozeHHbie Escherichia coli, UPEC, supyneHm-
Hocmb, nabopamopHasi duaeHoOCMUKa

Amuyeckoe ymeepxdeHue. ViccrneqosaHne npoBoaMIoch npu 4o6poBorbHOM MHEPOPMUMPOBaAHHOM Corflacum nauu-
eHToB. [MpoTokon nccnenosaHns ogobpeH ATnyeckum kommtetom CaHkT-MNeTepbyprckoro HAW anuoemmnonorum n mu-
kpobuonorun um. Mactepa (npotokon Ne 27 ot 02.07.2020).

HNcmoyHuk puHaHcupoeaHusi. ABTOpbI 3asBMSAT 06 OTCYTCTBMWN BHELLUHEro (hMHAHCUPOBAHWUSA NpU NPOBEAEHUN 1C-
crnefoBaHus.

KoHgpbnnukm unmepecoe. ABTOpbI eKNapupyoT OTCYTCTBUE SIBHLIX W MOTEHUMANbHBLIX KOH(MMKTOB UHTEPECOB, CBS-
3aHHbIX C Nybnukaunen HacTosLLen CTaTbu.

Ans yumupoeaHusi: Makapoea M.A., MaTeeeBa 3.H., Kadhtbipesa J1.A. IHTerpaTMBHbIV NOAXO4 K OLieHKe naToreHHo-
ro noTeHumnana wramMmoB Escherichia coli, BbigeneHHbix n3 moun. JKypHan mukpobuonoauu, snudemuonoauu u UMmy-
Hobuonoeauu. 2024;101(1):72-79.
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Introduction

The urinary tract is a common locus of bacterial in-
fection, and Escherichia coli is the most frequent patho-
gen in this biotope. Urinary tract infections (UTIs) can
present with a variety of clinical presentations ranging
from asymptomatic bacteriuria, ascending infections
(acute pyelonephritis) to severe urosepsis [1-3].

Uropathogenic E. coli (UPEC) are characterized
by an increased adaptive ability to survive and multi-
ply in the urinary tract due to the presence of specific
lipopolysaccharides, capsules, outer membrane pro-
teins, fimbriae, pili, secreted toxins, siderophores, as
well as serum resistance. The uropathogenic potential
of E. coli is consistently realized at different stages of
the infection process: adhesion, colonization and per-
sistence [4].

Specific adhesins are required for successful colo-
nization of the urinary system tissues by E. coli. The
major adhesion factors include pili or fimbriae. Type
1 pili (FimH), P, S, and F1C fimbriae are typical for
UPEC. FimH adhesins, encoded by the fimH gene, play
an important role in the initiation of UTI development
and are considered the most common virulence factor
of UPEC [5, 6]. Strains causing cystitis always express
type 1 fimbriae; in the absence of other fimbriae, infec-
tion is limited to bladder lesions. The major UPEC-spe-
cific pili are the P-fimbriae encoded by the pap gene.
They are absent in commensal and diarrheagenic E. coli
and were named this way because they are more fre-
quently found in strains associated with pyelonephritis
[7]. Mannose-resistant S pili are categorized into Sfa-,
F1C-pili (Foc) and S/F1C-related pili (Sfr). These ad-
hesins have a high degree of homology but differ in re-
ceptor specificity; S-pili are expressed predominantly
by sepsis- (SEPEC) and neonatal meningitis-causing
E. coli (NMEC) strains, but may also occur in UPEC
strains causing ascending UTIs. In addition to fimbrial
adhesins, afimbrial adhesins encoded by the afa gene,
which promote adhesion to urothelial cells, are widely
distributed in UPEC. Strains synthesizing afibrial ad-
hesins have a high potential for the development of py-
elonephritis and recurrent cystitis [8].

Toxins play an important role in UTIs because they
promote bacterial dissemination in tissues, increase cy-
totoxicity, neutrophil resistance, as well as damage and
disrupt host cell metabolism. The most studied toxin
secreted by UPEC is a-hemolysin, Hly4 (a product of
the //yA gene), which not only stimulates apoptosis of
target cells, including neutrophils, T lymphocytes, and
renal epitheliocytes, but also causes degradation of
regulatory and structural components of the cytoskel-
eton, promoting bladder cell exfoliation and phago-
cyte destruction. CNF1 (cytotoxic necrotic factor 1)
toxin encoded by the cnf gene inhibits polymorpho-
nuclear phagocytosis, promotes the production of bio-
active components, causing functional and structural
damage as well as apoptosis of bladder epithelial cells

ORIGINAL RESEARCHES

[6, 8]. A toxin with DNAase activity, CDT (cytolethal
toxin expansion factor), encoded by the cdt gene, leads
to cell apoptosis; it is found in more than 90% of UPEC
strains [9, 10].

Factors of UPEC persistence include capsules
(synthesis of K-antigens), which protect the bacteria
from phagocytosis and the bactericidal effect of the
complement system [8].

The production of siderophores (iron-binding pro-
teins), which determine the ability of bacterial cells to
capture iron, is crucial for the survival of UPEC in the
urethral tract. Synthesis of siderophores increases the
virulence of UPEC. The main siderophores include aer-
obactin (iut4) and yersinebactin (fyuAd) [11].

In the routine practice of bacteriologic examina-
tion, methods for typing E. coli causing UTIs are not
used. The criterion for the diagnosis of UTI is the de-
tection of microorganisms at a concentration of at least
10° CFU in 1 ml of urine. The detection of diagnos-
tically significant bacteriuria does not give an idea of
the localization of infection of the urinary system (renal
parenchyma, bladder) [1]. Therefore, one of the most
important tasks of the clinical microbiology laborato-
ry is a meaningful analysis of the results obtained, as
well as an assessment of the etiologic significance of
the isolated microorganism [12]. The main difficulty in
interpreting the results is represented by isolates from
urine specimens, due to the possible contamination of
E. coli by representatives of intestinal microflora. The
microbiologist must not only determine whether the
E. coli isolate is the true pathogen or a consequence of
contamination of the sample at the pre-analytical stage,
but also assess the pathogenic potential of a particular
isolate in the development of chronic UTIs or severe
life-threatening conditions such as sepsis or meningitis.
Although research has been ongoing for many years,
specific criteria for categorizing strains as UPEC have
not been established.

As a result of the above, the aim of this work is to
characterize the population structure, genetic diversity
and pathogenic potential of E. coli strains isolated from
urine.

Materials and methods

The objects of the study were 194 E. coli strains
isolated from the urine of patients with uncomplicated
UTIs. The subject of the study was biological proper-
ties of the strains reflecting pathogenicity (virulence
genes associated with adhesion, invasion, toxin forma-
tion, persistence, etc.).

The study was conducted with the informed con-
sent of the patients. The research protocol was approved
by the Ethics Committee of the Saint-Peterburg Pasteur
Institute (protocol No. 27, July 2, 2020).

DNA isolation was performed using the Insta-
GeneTMMatrix kit (BioRad). PCR was performed
in automatic amplification mode in the thermocycler
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CXT-1000 (BioRad). We used a ready mix with Taq
DNA polymerase, PCR Master Mix (ThermoFisher
Scientific). The primers were added between 0.5—-1.5 pl
with unchanged sample volume (20 pl), which was
achieved by changing the volume of sterile distilled
water accordingly. Previously studied primers (Syntol,
Sibenzyme, Eurogen) were used [13—15]. The ampli-
fied DNA fragments were separated in 0.5xTBE buffer
with ethidium bromide at 120 V for 60 min in a hori-
zontal gel electrophoresis chamber (BioRad). GelDoc
documentation system (BioRad) was used to visualize
PCR results. DNA marker 100 bp + 1.5 Kb + 3 Kb (Si-
benzyme) was used as molecular weight markers.

Strains were tested for the presence of 17 genes
encoding the synthesis of virulence factors: Adhesins
(pap, fimH, sfa, focG and afa), toxins (hlyA, cvaC, cnf
and cdtB), capsule antigens (kpsMTII, kpsMTIII, kps-
MT K1), siderophores (fyud and iutA), invasins (ibeA),
as well as for the presence of genetic markers of patho-
genicity island (PAI) UPEC CFTO073 and gene (tral)
encoding a serum resistance.

Phylogenetic classification of E. coli strains was
performed by multiplex phylotyping based on PCR us-
ing primers targeting three markers: chud, yjad, and
TspE4.C2 [16].

The obtained data were processed using the Excel
computer program (Microsoft). Fisher’s exact test was
used to assess the statistical significance of differences
in mean values. Differences were considered statisti-
cally significant when the confidence interval was 95%
(» <0.05).

Results

When analyzing the combination of chud, yjaA,
and TspE4.C2 genes, it was found, statistically, that .
coli strains were significantly more frequent (p < 0.05)
in phylogenetic group B2 (57.7%) compared to strains
of phylogenetic groups A (4.6%), B1 (7.2%), and D
(30.4%); significantly less frequent (p < 0.05) in phylo-
genetic groups A and B1 compared to B2 and D.

The prevalence of genes encoding the synthesis
of UPEC virulence factors ranged from 2.1% (ibeA) to
93.3% (fimH). The gene responsible for the production
of cytolethal expanding toxin (cdtB), involved in the
suppression of cell proliferation with subsequent cell
death, was not identified in any of the strains. The fre-
quency of occurrence of genetic determinants encoding
UPEC virulence factors is shown in the figure below.

Analysis of the detection of genes associated with
adhesion showed that almost all strains contained the
fimH gene (93.3%) encoding mannose-sensitive type
I fimbriae. The pap gene, responsible for the synthe-
sis of pyelonephritis-associated pili, was found in al-
most every third strain (29.4%); the afa gene, encoding
afimbrial adhesins, was found in 7.7% of the studied
E. coli strains; sfa and focG determinants associated
with fimbrial adhesins — in 7.7 and 3.1%; hlyA and

cnf genes encoding synthesis of toxins (o-hemolysin
and cytonecrotic factor) — in 21.1 and 17.5%; cvaC
gene responsible for colicin V production — in 15.5%.
The ibed gene responsible for invasion of endothelial
cells of the blood-brain barrier was found in 4 (2.1%)
E. coli strains. The frequency of occurrence of genet-
ic determinants encoding synthesis of siderophores:
yersinebactin (fyud) and aerobactin (iut4) was 85.6
and 83.0%. Genes encoding capsular antigen synthesis
were detected in 61.9% of the strains studied. The kps-
MTII and kpsMTIII genes encoding K1, K5, K12 and
K3, K10, K54 antigen complexes were detected in 29.4
and 24.2% of the strains. Type-specific gene kpsMT
K1, encoding antigen K1, identical in chemical struc-
ture and immunochemical characteristics to the K-an-
tigen of Neisseria meningitidis, was detected in 27.3%
of strains. The #raT gene, a coding factor of bacterial
cell resistance to the bactericidal effect of the blood se-
rum, was detected in 59.3% of strains. PAl — UPEC
CFTO073 was detected in 36.6% of strains.

The genetic determinants of UPEC virulence in
the studied strains were present both in combinations
and in isolation. None of the tested virulence genes was
detected in the genome of 4 (2.1%) strains. In 1 (0.5%;
95% CI 0.1-2.9%) strain 1 gene was detected. The re-
maining 99.5% of strains were characterized by the
presence of gene combinations, of which 1.5% (95% CI
0.5-4.5%) — by the combination of 2 genetic determi-

fimH 93,3

fyuA 85,6
iutA
traT
PAI

kpsMTII
pap
kpsMT K1
kpsMTIII
hlyA

cnf

cvaC
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Prevalence of genes encoding UPEC virulence factors.



76

JOURNAL OF MICROBIOLOGY, EPIDEMIOLOGY AND IMMUNOBIOLOGY. 2024; 101(1)

DOI: https://doi.org/10.36233/0372-9311-493

nants, 10.3% (95% CI 6.8-15.4) — by 3. Strains con-
taining combinations of 4 genes 16.0% (95% CI 11.5—
21.8%), 5 genes 23.2% (95% CI 17.8-29.6%), and 6
genes 33.0% (95% CI 26.8-39.9%) were statistically
significantly more frequent (p < 0.05). Seven virulence
markers were detected in 9.8% (95% CI 6.4—14.8%) of
strains, 8 in 3.1% (95% CI 1.4-6.6%), and 9 in 2.1%
(95% CI 0.8-5.2%). The genome of 1 strain (0.5%;
95% CI 0.1-2.9%) presented an individual profile and
was characterized by a combination of 10 genes.

The occurrence of genes and virulence factors
encoded by them in E. coli of different phylogenetic
groups are presented in the Table. The fimH gene was
present in strains of all phylogenetic groups significant-
ly more frequently (p < 0.05) compared to other genes
associated with adhesion. The pap gene was found in
E. coli strains of phylogenetic group B2 (36.6%), which
was significantly more frequent (p < 0.05) compared to
strains of groups A (11.1%), B1 (14.3%) and D (1.7%).

ORIGINAL RESEARCHES

The afa gene encoding afimbrial antigen-binding ad-
hesins was more frequently present in strains of phylo-
genetic group B1 (64.3%). The sfa gene encoding fim-
brial adhesin synthesis was detected without significant
differences in strains of phylogenetic groups B1 (4.8%)
and B2 (11.8%). The focG gene encoding the fimbrial
adhesin F1C of uropathogenic E. coli was detected only
in strains of phylogenetic group B2 (4.5%).

Analysis of the occurrence of genes associated with
toxin production showed that genetic markers of toxin
formation were statistically significantly more frequent
(p < 0.05) in strains of phylogenetic group B2 (46.4%)
compared to strains of other phylogenetic groups.

Genetic markers responsible for synthesis of sid-
erophores were present in strains belonging to different
phylogenetic groups without significant differences.

Genes encoding the synthesis of K-antigens
(kpsMTIII, kps K1, kpsMTII) protecting the bacterial
cell from phagocytosis were statistically significantly

Occurrence of genes and virulence factors in E. coli strains of various phylogenetic groups

Phylogenetic groups
Genes and virulence factors A(n=29) B1 (n=14) B2 (n=112) D (n=59)
abs. % 95% CI | abs. % 95% ClI abs. | % 95% ClI abs. % 95% ClI
Adhesins 7 77,8 453-93,7 14 1000 785-100 110 98,2 93,7995 27 458 33,7-58,7
fimH 5 55,6 26,7-81,1 14 100,0 78,5-100 104 92,9 86,5-96,3 27 458 33,7-58,7
pap 1 11,1 2,0-43,5 2 14,3  4,0-40,0 41 36,6 28,3458 1 1,7 0,03-9,0
afa 2 222 6,3-547 9 64,3 38,8-83,7 2 1,8 0,5-6,3 0 0 0-6,1
sfa 0 0,0 0-29,9 0 0,0 0-21,5 14 125 7,6-19,9 1 1,7 0,03-9,0
focG 0 0,0 0-29,9 0 0,0 0-21,5 1 4,5 0,2-4,9 0 0 0-6,1
Toxins 3 333 12,1646 3 214 7,6-47,6 50 46,4 358-539 6 10,2 4,8-20,5
hlyA 0 0,0 0-29,9 1 7,1 1,3-31,5 28 250 17,9-338 3 5,1 1,7-13,9
cnf 2 222 6,3-54,7 0 0,0 0-21,5 22 196 13,3279 O 0 0-6,1
cvaC 1 11,1 2,0-435 2 14,3 4,01-39,95 9 80 43-146 4 6,8 2,7-16,2
Invasins 0 0,0 0-29,9 0 0,0 0-21,53 3 2,7 092-758 0 0 0-6,11
ibeA 0 0,0 0-29,9 0 0,0 0-21,53 3 2,7 092-758 0 0 0-6,11
Siderophore 3 333 12,1-646 14 1000 785-100 110 98,2 93,7995 28 47,5 35,3-59,9
fyuA 3 33,3 12,1-64,6 11 786 524-924 98 87,5 80,1-924 23 39,0 27,6-51,7
iutA 2 222 63547 11 786 524-924 91 81,3 73,0-874 20 339 23,1466
Capsules 1 11,1 2,0435 6 429 214-674 63 56,3 47,0-65,1 9 15,3 8,2-56,5
kpsMTIII 1 11,1 2,0-43,5 4 286 11,7-54,7 26 232 164-31,8 0 0 0-6,1
kpsMT K1 0 0,0 0-29,9 0 0,0 0-21,5 21 286 12,6-270 3 5,1 1,7-13,9
kpsMTII 0 0,0 0-29,9 4 286 11,7-54,7 31 27,7 20,2-366 6 10,2 4,6-20,5
Others
traT 6 66,7 354-879 10 714 454-883 21 188 12,6-27,0 48 814 69,6-89,3
PAI 1 11,1 2,043,5 7 50,0 26,8-73,2 37 33,0 250452 49 831 715-905
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(p < 0.05) more frequently (56.3%) present in strains
of phylogenetic group B2 compared to strains of other
phylogenetic groups.

The traT gene and pathogenicity islands (PAI)
were found in comparable proportions in strains of all
phylogenetic groups.

Discussion

The main difficulty in interpreting the results of
the culture method in the detection of extraintestinal
pathogenic E. coli (EXPEC) strains is presented by iso-
lates from urine specimens, due to the lack of clearly
defined criteria for assessing the etiological signifi-
cance of a particular isolate, as well as due to possible
contamination of the sample. True EXPEC pathogens,
including UPEC, include strains containing 2 or more
major virulence genes (pap, sfa, afa, kpsMTII, iutA).
Other so-called additional genes (fimH, hlyA, cvaC, cnf,
cdtB, kpsMTIII, ibeA, traT and PAI) may be potentially
associated with EXPEC as they promote adaptive and
competitive colonization [17, 18]. E. coli strains that,
in addition to the main ExPEC virulence genes, have
potential ones, are characterized by an increased ability
to adapt to new niches, which allows them to cause a
wide range of diseases.

The E. coli strains isolated from urine belonged to
different phylogenetic groups, with the majority (88.1%)
belonging to groups B2 (57.7%) and D (30.4%), which
are usually associated with pathogens of extraintestinal
localization [19]. Groups A and B1, with which com-
mensal E. coli are associated, were assigned to 4.6 and
7.2% of strains [16]. Pathogenetically significant genet-
ic determinants of virulence were identified in 97.9%
of strains. According to the combination of 17 genes
associated with adhesion (fimH, pap, afa, sfa and fo-
¢@), synthesis of siderophores (fyuA4 and iutA), capsules
(kpsMTII, kpsMTIII and kpsMT K1), toxins (hlyA, cnf,
cdt and cva(C), invasins (ibeAd), providing serum resis-
tance (traT), presence of pathogenicity islands (PAI),
134 individual virulence genotypes were identified.
The vast majority (99.5%) of strains contained between
2 and 10 virulence genes. The results obtained about
the pronounced genetic heterogeneity of UPEC strains
are consistent with the data of Russian researchers [20,
21]. The study showed that 95.9% (186/194) of strains
isolated from urine met the UPEC criteria — they had
3-10 genes, belonged to phylogroups B2 and D. Eight
(4.1%) strains belonged to phylogroups A and B1, had
no major or additional virulence genes and were con-
sidered as contaminants.

Genetic predisposition to UTI recurrence was de-
tected in 93.3% of strains due to the presence of fimH
adhesins encoded by the fimH gene, which promote
UPEC persistence [5-7]. In addition to fimbrial adhes-
ins, afa-encoded adhesins of the Afa/Dr family, which
promote adhesion with urothelial cells, are widely dis-
tributed in UPEC. In this study, strains synthesizing afi-

brial adhesins, which, according to other researchers,
have a high potential to cause pyelonephritis and recur-
rent cystitis, were identified in 13 patients examined in
this study [22].

Meningitis-associated E. coli (NMEC) is a com-
mon cause of neonatal bacterial meningitis with a mor-
tality rate of up to 40% and severe neurologic sequelae
[23, 24]. Most cases of neonatal infection occur when
NMEC are present in the urogenital tract of parturients,
carried in the intestine, or as a complication of neonatal
sepsis [25]. Escherichia coli sepsis is often considered
as a secondary infection. One in three cases is uro-
sepsis, which can occur in any urologic disease (uro-
dynamic disorders in UTIs, purulent forms of pyelo-
nephritis, urinary retention, acute prostatitis) [26]. The
risk of sepsis development is increased in the infectious
process caused by E. coli strains that contain P-pili and
S-fimbriae, producing hemolysin, cytonecrotic factor
and synthesizing capsular antigen K2 [8, 14]. Markers
of unfavorable prognosis of UTI course were found in
12% of strains, 10.7% of which had genetic determi-
nants associated with the development of sepsis (uro-
sepsis), 1.3% with meningitis.

The presence of rather contradictory results in the
application of the traditional bacteriological method
of laboratory research makes us critically reevaluate
its diagnostic significance in favor of the undoubted-
ly promising molecular genetic method. The generally
accepted practice of unconditionally recognizing the
etiological significance of a specific isolate that is quan-
titatively predominant in a sample during culture looks
at least questionable [27]. Nevertheless, it is impossible
to abandon the generally accepted method of culturing
microorganisms due to the fact that it allows obtaining
information about clinically significant strains, their
number and associations, assessing sensitivity to antibi-
otics, bacteriophages and disinfectants, as well as being
an integral step in DNA isolation for subsequent molec-
ular studies, including whole genome sequencing.

Conclusion

The study showed that detection of the gene com-
plex in E. coli strains isolated from urine not only con-
firms the etiologic significance of the isolate, but also
makes it possible to assess the pathogenic potential for
the development of chronic forms and acute life-threat-
ening complications. The revealed heterogeneity of the
UPEC population indicates the necessity to optimize the
algorithm and develop standards for laboratory diagno-
sis and prevention of complications of diseases caused
by uropathogenic E. coli. The results of the integrative
approach in the laboratory diagnosis of UTI using all
adequate methods (traditional, modern, innovative),
centered on the principles of evidence-based medicine,
in other words, reliability of scientific evidence of their
effectiveness, should be taken into account in the prac-
tice of specialists of different profiles.
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Multilocus sequence-typing scheme for Borrelia miyamotoi —
the erythema-free ixodid tick-borne borreliosis pathogens

Konstantin O. Mironov™, Anton V. Titkov, Konstantin V. Kuleshov, Alexander E. Platonov

Central Research Institute for Epidemiology, Moscow, Russia

Abstract

Introduction. Borrelia miyamotoi is a pathogen of erythema-free ixodid tick-borne borreliosis (ITBB), a disease
widespread in Russia. To date, there are no generally accepted methods for B. miyamotoi genotyping. The
multilocus sequencing typing (MLST) scheme of Borrelia was originally developed for B. burgdorferi, and does
not have the required discrimination power for monitoring the ITBB pathogens.

The objective of this study is to develop the MLST scheme for B. miyamotoi.

Materials and Methods. The whole genome sequences of 10 reference strains (GenBank) were analyzed for
the selection of the house-keeping loci. The MLST scheme development was based on principles published by
the authors of the method. For this experiment, 81 B. miyamotoi strains and positive clinical samples were used
to test the MLST scheme.

Results. After analyzing the genomic data, 8 house-keeping loci were chosen for MLST, for which the PCR and
sequencing primers were designed. Each MLST loci was represented by several alleles (from 4 to 7) which form
15 sequence types. The genetic diversity of pathogens isolated from ITBB patients and ticks were characterized.
Discussion. Based on pairwise distances between allelic profiles, the sequence types can be classified into four
groups. The first two groups are clonal complexes; the other two groups are formed by once identified sequence
types. The first clonal complex unites 11 sequence types (80 or 88% of the characterized B. miyamotoi), the
second consists of 2 sequence types (9 or 9.8%). The genetic differences between B. miyamotoi are associated
with the sources of strains and biological isolates. The MLST based classification confirms the previously
described genetic heterogeneity of B. miyamotoi populations associated with ecologically unrelated vectors of
ITBB pathogens.

Conclusion. The proposed MLST scheme is an appropriate tool for ITBB pathogen classification and evolutionary
change characterization within clonal complexes.

Keywords: /xodes tick-borne borreliosis, Borrelia miyamotoi, clonal complex, multilocus sequence typing,
sequence type
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Cxema MynbTUIOKYCHOIO CeKBEHNPOBaHUA-TUMNPOBAHMA
ANA Xapaktepuctukm Borrelia miyamotoi — Bo3byputenen
6e33putemHon GopMbl MKCOAOBOIO KneleBoro boppennosa

Mwuponos K.0.”, Tutkos A.B., Kynewos K.B., MnaTtoHos A.E.

U,EHTpaJ'IbeIIZ Hay‘-lHO-MCCﬂe,D,OBaTeﬂbCKI/IVI NHCTUTYT anNngemMmmnonornn Pocn0Tpe6Ha,q30pa, MockBa, Poccusa

AHHOMayus

BBeaeHue. Borrelia miyamotoi — Bo36youtens 6e33putemMHon hopMbl MKCOOQOBOrO Krellesoro 6oppenuosa
(MKB-BEM) — wmnpoko pacnpoctpaHéHHoro B Poccum 3aboneBaHnsi. B HacTosilee BpeMsi He CyLecTBYeT 00-
LLEMNPUHSATBIX METOAMK ANS BHYTPUBMOOBOW XapakTepuctukm B. miyamotoi. Cxema MynbTUNOKYCHOTO CEKBEHW-
poBaHusi-tunuposanus (MJICT) 6oppenuii n3HavansHo Gbina paspabotaHa ansa B. burgdorferi n He obnapaet

HeobXxoaNMOW ANCKPUMUHUPYIOLLEN CMOCOOHOCTLIO ANsi MOHUTOPUHIra Bo3byanTtenein MKB-BM.
Llenb pabotbl — pa3pabotka un anpobauus cxembl MJICT B. miyamotoi.

MaTtepuanbl u Mmetoabl. Bei6op dparmeHToB ans MJICT ocHoBaH Ha MOMHOreHOMHbIX MOCIEeA0oBaTENbHOCTSIX
10 pedpepeHcHbIx wTammoB (GenBank). Cxemy MJICT paspaboTtanu B COOTBETCTBUM C NMPUHLMNAMU, ONyOnmKo-
BaHHbIMY aBTOpamun metogda. [Ans anpobauun cxembl MIICT ncnonssosanu 81 Guonoruveckuin obpasel, cogep-

xawwun OHK B. miyamotoi.

Pe3ynbraThbl. [Tocne aHanuaa reHOMHbIX AaHHbIX BbiIGpanu 8 dparMeHTOB reHoB, AN KOTOPbIX MPOBENV An3anH
npanmepos ans MNLP n cekBeHnpoBaHus. dparmeHTbl reHOB NpeacTaBreHbl HECKONbKMMM annensamm (ot 4 oo 7),
KoTopble 06pa3yloT 15 CMKBEHC-TUMOB, HA OCHOBaHWW aHanm3a KOTOPbIX OXxapaKTepu3oBanu reHeTu4eckoe pas-

HooOpa3sne Bo3GyauTenen, BblaeneHHbix oT 60mnbHbIX MKB-BM 1 0T nepeHocuYmnkoB.

O6cyxaeHune. Ha OCHOBaHMM KONMMYECTBa HECOBMNaAEHUW B annernbHbIX NPOMUnAX CUKBEHC-TUMbI MOryT
6bITe KNaccnduumpoBaHbl Ha 4 rpynnel. MNepBbIM ABYM COOTBETCTBYIOT KIIOHalbHbIE KOMMMEKCHI, ABE Apyrve
obpasoBaHbl OOQHOKPATHO BbISIBIEHHBIMW CUKBEHC-TUNaMu. [lepBbli KnoHanbHbIn Komnneke (1) obbeamHseT
11 cukBeHc-TunoB (80 unun 88% oxapaktepunaoBaHHbIx B. miyamotoi), BTopon (Il) — 2 cukseHc-tuna (9 unn 9,8%).
BblpakeHHble reHeTu4eckne oTnuumna B. miyamotoi cBsidaHbl C UCTOYHMKaMU LUTaMMOB U Buonormyeckux ob-
pasuos. MNMpeanoxeHHasa Ha ocHoBaHun MIICT knaccudukauus noaTeepXaaeT NPOAEMOHCTPMPOBaHHYIO paHee
reHeTUYECKy0 reTeporeHHOCTb nonynauun B. miyamotoi, 06yCnoBneHHy 3KONOrM4eckn He CBA3aHHbIMKN nepe-

Hocumkamu Bo3byauteneint MKB-BM.

3akntovenue. MNMpegnoxerHHas cxema MIICT sBnsieTcs yaoOHbIM MHCTPYMEHTOM Af15 MOHWUTOPWHIra BO30yauTe-
nen UKB-BM, BblAeneHHbIX U3 pasHbIX MCTOYHUKOB, U ANS XapaKTEPUCTUKN 9BOMIOLMOHHBIX U3MEHEHWI B Onpe-

OENEHHbIX KNOHarnbHbIX KOMMEeKcax.

KntoueBble cnosa: Borrelia miyamotoi, ukcodosbsie Krneujegbie 60ppernuosbl, KIoHanbHbIU KOMIIEKC, Mybmu-

JIOKYyCHO€ CeKeeHuposgaHue-murupoeaHue, cCukeeHc-muri

Amuyeckoe ymeepxdeHue. ViccrneqosaHne npoBoaMIoch npu 4o6poBoribHOM MHPOPMUMPOBaAHHOM Corfacum nauu-
eHToB. lNMpoTokon uccnegoBaHus ogobpeH ATnyeckum komutetom LIHUW 3nnpemumonorumn PocnotpebHaasopa (npo-

Tokon Ne 83 ot 26.06.2018).

BnazodapHocmsb. ABTOPbI NPU3HaTENbHLI BCEM UCCReaoBaTensm, KMMHALMCTaM 1 aNvaeMmnonoram, y4acTBoBaBLLMM
B cbope buonornyecknx obpasLoB, NCMONb30BaHHLIX B HAcTosLeh paboTe, B nepsyto odepeap H.M. KonsicHukoson,
M.T. Tonopkosown, [.C. Capkcsany, C.KO. Kosanesy, E.N. KpacHoson, B.A. Pap, B.N. YepHbix, H.C. MuHopaHckoW,

A.T. KynaruHon, C.A. Pyaakoson, H.B. PynakoBy, E.W. BoHaapeHko, T.A. YekaHoBol n M. HoBakoBo.

UcmouHuk ¢huHaHcupoeaHusi. B 2018-2019 rr. nccnegoBaHve BbINOMHANOCL 3@ CYET rpaHTa Poccumnckoro Ha-
yyHoro coHaa (mpoekt Ne 15-15-00072[1). B 2020-2023 rr. nccrnenoBaHne BbIMOMHANOCH B pamkax Tembl HUO-
KP rocygapctBeHHOro 3agaHusi «CoBepLUEeHCTBOBaHME CUCTEMbl 3MNMAEMUONOrMY4eckoro MOHUTOpuHra B Poccun-
ckon Pefepaummn 3a NPUPOAHO-OYAroBbIMN TPAHCMUCCUBHBIMU UHAEKUMSMN BakTepuansHon npupodbl (KnelleBble
BO3BPaTHble NNXOPaAKW, PUKKETCMO3bl TPYMMbl KNeweBon MATHUCTON NWUXOpajku, Kokcuennes, GapToHennesbl)»

(per. Ne AAAA-A21-121011890133-8).

KoHgbnnukm unmepecoe. ABTOpbI AeKNapupyoT OTCYTCTBUE SIBHLIX M MOTEHUMANbHbIX KOH(MMKTOB UHTEPECOB, CBS-
3aHHbIX ¢ Nybnukauuen HacTosiwen ctatbn. B paboTte ncnonb3oBanu Habopbl peareHTOB U peakTuBbl «AMNNMCEHCY

npoussogctea LIHWW Snngemunonornm PocnotpeGHaasopa.

Ansi yumupoeaHusi: MupoHos K.O., TutkoB A.B., Kynewos K.B., NnatoHoB A.E. CxeMa MynbTUIOKYCHOIO CEKBEHU-
pOBaHWSA-TUNMPOBaHUSA AN XxapaKkTepuctuku Borrelia miyamotoi — Bo30yanTenen 6e3aputemMHoln popMbl MKCOOA0BOTO

KneweBoro 6oppenuosa. JKypHan mukpobuonoauu, anudemuonoauu u ummyHobuonoauu. 2024;101(1):80-88.
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Introduction

Borrelia miyamotoi is the pathogen of the ery-
thematous form of ixodid tick-borreliosis (ITBB) which
belongs to the group of relapsing fever pathogens, but
is transmitted by ticks of the Ixodes genus. The history
of discovery, taxonomy, biological properties of patho-
gens, aspects of pathogenesis, clinic and epidemiology
of ITBB were published in a monograph by A.E. Pla-
tonov in 2017 [1]. A relevant area of B. miyamotoi
research is the development of intraspecies pathogen
classification methods. This is due to the necessity to
study the clinical features of ITBB caused by different
genetic variants of the pathogen, including those asso-
ciated with the phenomenon of immune evasion [1], as
well as the necessity to solve classical epidemiological
problems related to monitoring pathogens. Because of
the severely limited use of mass parallel sequencing,
which is primarily due to the difficulty of culturing
B. miyamotoi, as well as the low concentration of
pathogens in the biological material sample, there is a
necessity to develop affordable polymerase chain re-
action (PCR)-based and fragment sequencing-based
methods for antigenic and genetic characterization of
ITBB pathogens.

To characterize the antigenic diversity of B. miya-
motoi, we have proposed a method of determining the
main surface proteins [2, 3], which allows simultaneous
detection of several antigenic variants and identification
of the most clinically and epidemiologically significant
variants of ITBB pathogens circulating in Russia. How-
ever, antigen detection cannot be used for the study of
evolutionary processes occurring in the bacterial popu-
lation to identify pathogens with increased virulent or
pathogenic properties.

The triple-locus typing scheme based on the se-
quencing of p66, gipQ, and 16S gene fragments [4],
proposed earlier by domestic researchers could be used
to characterize representatives of the Borrelia genus,
but this scheme does not have the necessary discrimi-
nation power for B. miyamotoi.

A convenient tool for studying the genetic prop-
erties of pathogens that are not under immune system
pressure, allowing identification of individual strains
and characterization of their genetic relationships, is
the method of multilocus sequencing typing (MLST),
which has been successfully used in epidemiological
practice since 1998 [5, 6]. In addition to the previous-
ly demonstrated advantages of using multiple genetic
loci in analyzing genetic relationships of pathogens,
an important advantage of MLST is the absolute inter-
laboratory reproducibility of the results, which allows
combining genetic and epidemiologic information into
a single database [7]. Currently, the PubMLST Internet
resource contains information on MLST schemes for
more than 130 species of microorganisms; for many
species, published MLST schemes are the golden stan-
dard for their intraspecific characterization. At the same
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time, the developed MLST scheme for bacteria of the
Borrelia genus and its modifications do not have suffi-
cient discrimination power to differentiate B. miyamo-
toi. This is due to the fact that the MLST scheme was
initially developed for B. burgdorferi [8], which does
not allow its use for monitoring Russian ITBB patho-
gens. Since the B. miyamotoi genome has significant
differences from bacteria of the Borrelia burgdorferi
sensu lato complex, additional analysis of available
whole-genome sequences is necessary in order to devel-
op and validate the B. miyamotoi MLST methodology.

Materials and methods

Nucleotide sequences

When selecting sequences for MLST, we used
whole genome sequences of 6 Russian strains — Izh-4
(GenBank identification number CP024390.2, number
in the State Collection of Pathogenic Microorganisms
and Cell Cultures "SCPM-Obolensk" B-8324), Izh-5
(CP024205. 2, B-8325), 1zh-14 (CP024371.2, B-8326),
Izh-16 (CP024351.2, B-8327), Yekat-1 (CP024333.2,
B-8328), Yekat-6 (CP024316.2, B-8329) [1, 9] as well
as 4 foreign strains — FR64b (CP004217. 2), HT-31
(CP114703.1), LB-2001 (CP114690.1) and CA17-2241
(CP021872.1) [1, 10, 11], known since the beginning of
the study.

Strains and samples of biological material

During development, the MLST scheme was
tested on 7 strains, NL-IR-1 (CP044783.1), Yekat-18
(CP037471.1, B-8810), Yekat-76 (CP037058.1,
B-8814), Yekat-19 (CP036557.1, B-8811), Yekat-17
(CP037215. 2, B-8330), Yekat-21 (CP036914.2,
B-8812), Yekat-31 (CP036726.1, B-8813) and 81
B. miyamotoi DNA samples isolated in 2012-2022 from
50 tick suspensions and the blood of 31 ITBB patients.
The suspensions were obtained from Ixodes vector
ticks collected in Western Europe and European regions
of Russia (/. ricinus), as well as central and eastern re-
gions of Russia (I. persulcatus). Most of the biologi-
cal samples were obtained and characterized during
the development of a methodology for determining the
B. miyamotoi main surface protein antigenic properties
[2]. The study was conducted with voluntary informed
consent of patients. The study protocol was approved
by the Ethical Committee of the Central Research In-
stitute of Epidemiology of Rospotrebnadzor (protocol
No. 83 0f 26.06.2018).

Furthermore, 9 strains whose whole-genome se-
quences were used to select MLST loci were studied.
The characteristics of the studied strains and biological
material samples are given in Table 1.

PCR and sequencing

DNA extraction and PCR were performed using
reagents produced by the Central Research Institute of
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Epidemiology of Rospotrebnadzor. Amplification and
sequencing of gene fragments were performed with
primers (Table 2) according to the following proce-
dure: 95°C — 15 min (1 cycle), 95°C — 10 s, 60°C —
20 s, 72°C —20 s (40 cycles). The PCR and sequencing
methods carried out with the help of Applied Biosyste-
ms equipment and reagents were similar to those used
in previous studies [2, 12].

Analysis of MLST data

Sequencing results with allele designations and
sequence types (ST) were processed in accordance with
the method developer requirements [5—7]. ST analysis

using BURST and UPGMA algorithms and genetic tree
construction were carried out using the "START2 v.
1.0.5" software [13].

Results

In accordance with the MLST principles, the se-
lection of DNA fragments for allele designation (MLST
loci) was subject to the following conditions: the frag-
ments should be located in unlinked genes within the
chromosome and represented by several alleles; fur-
thermore, the combinations of alleles should allow for
intraspecies pathogen classification [5, 6]. Whole-ge-
nome sequence analysis of 6 strains allowed us to iden-

Table 1. The B. miyamotoi DNA samples sources and their genetic characteristics (sequence types and clonal complex)

DNA source Sequence Clonal complex Territory Years Number of
type samples
ST Sverdlovsk Region 2016-2018 19
Udmurt Republic 2016 1
ST.2* | Sverdlovsk Region 2017 2
Udmurt Republic 2016 1
ST-3 | Udmurt Republic 2016 1
Blood of patients .
with ixodid tick- ST-4 | Sverdlovsk Region 2016 1
borne borreliosis ST-5* | Udmurt Republic 2016 1
caused by n
B. miyamotoi ST-12% | Sverdlovsk Region 2017 1
(n=37) Krasnoyarsk Territory 2017 1
ST-13 | Sverdlovsk region 2017 1
Novosibirsk Region 2012 1
ST-14* Khabarovsk Territory 2012 2
Sverdlovsk Region 2017 2
Krasnoyarsk Territory 2017, 2019 3
Novosibirsk Region 2014, 2017 4
ST-1* Sverdlovsk Region 2013-2014 3
Samara Region 2019 1
Omsk Region 2022 5
ST.2* | Altai Repub!lc 2016 1
Samara Region 2019 1
ST-5* | Omsk Region 2022 1
ST-6 | Japan 1992 1
ST-7 | Japan 1990 1
ST-8 - Connecticut, USA 2001 1
S i f
kb of eodos. ST-9 - California, USA 2015 1
genus (n = 54) Netherlands 2018 1
ST-10 1] Czech Republic 2019 6
Kabardino-Balkarian Republic 2021 1
ST-11 Il Kabardino-Balkarian Republic 2021 1
ST-12* | Novosibirsk R_eglon 2017 4
Omsk Region 2022 3
Altai Republic 2016 6
ST-14* Am.ur. Reglon. 2016 1
Novosibirsk Region 2017 9
Omsk Region 2022 1
ST-15 | Tomsk Region 2014 1

Note. *Sequence types found both in patient samples and ticks.
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tify several dozen groups of unlinked genetic loci, 8 of
which were sequentially selected (Table 2), allowing
us to differentiate epidemiologically unrelated strains
which were isolated at different times, in different ter-
ritories, and from different sources. Table 3 presents
our proposed allele designations and profiles that de-
termine ST strains and B. miyamotoi DNA in biological
samples. For allele designations, the MLST loci coordi-
nates in the whole-genome nucleotide sequences of the
reference strains are given, except for the nusB-6 and
lysM-7 alleles, for which identification numbers in the
GenBank database are given. Differences in the MLST
loci are represented by single-nucleotide substitu-
tions, except for the nusB fragment, for which 2 alleles
(nusB-4 and nusB-6 in ST-10 and ST-11 allele profiles)
containing a 6-nucleotide insertion were identified.

When developing the in silico MLST scheme, 9
STs were found in 10 strains. Sequencing of gene frag-
ments included in the MLST scheme was performed
for 9 strains, and no discordant results were found in
comparison with the data of whole-genome sequencing
presented in GenBank. Further analysis of nucleotide
sequences from DNA samples revealed 6 more STs, of
which 2 were formed by two new alleles and 4 by new
combinations of previously identified alleles. ST-1 (33;
36%) and ST-14 (25; 27.4%) were the most frequent
in the studied sample, ST-12 (9; 10%), ST-10 (8; 9%),
ST-2 (5; 5.5%) and ST-5 (2; 2.2%) were less frequent.
ST-3, ST-4, ST-6, ST-7, ST-8, ST-9, ST-11, ST-13 and
ST-15 occurred once (1.1% each).

The figure presents a dendrogram illustrating the
genetic relationships of ST. The dendrogram and the
results presented in Table 1 combine data on 91 rep-
resentatives of the B. miyamotoi species from different
sources.

ORIGINAL RESEARCHES

Discussion

The genetic relationships of B. miyamotoi present-
ed in the figure, the determination of which was based
on the analysis of the number of mismatches in allelic
profiles, allow us to classify the designated STs into 4
groups. The first 2 groups correspond to the clonal com-
plexes labeled I and II in the figure, the other 2 groups
are formed by ST-8 and ST-9, which have differences in
all 8 loci from each other and from the other STs.

The first clonal complex (I) brings together 11
STs which are found in 80 (88%) of the characterized
strains and DNA samples. ST-14 can be designated as
the central one, because the allelic profile correspond-
ing to it has the maximum number of mismatches
at 1 MLST locus from the allelic profiles of other STs
of this clonal complex, equal to 4. The second clonal
complex (II) is formed by ST-10 and ST-11 which are
found in 8 (8.7%) DNA samples and 1 (1.1%) strain.
The allelic profiles of ST-10 and ST-11 have mismatch-
es at 1| MLST locus and differ from the allelic profiles
of the first clonal complex STs at all 8§ MLST loci.

Table 1 presents STs and characterization of
B. miyamotoi DNA sources. Most of the characterized
DNA samples have STs found both in samples from
ITBB patients and in tick suspensions. ST-3, ST-4, and
ST-13 found once in ITBB pathogens and ST-6, ST-
7, ST-11, and ST-15 found in tick suspensions do not
allow the determination of specific genotypes associ-
ated with ITBB cases. Presumably, all representatives
of the first clonal complex found in vectors can cause
ITBB.

The pronounced genetic differences of charac-
terized B. miyamotoi are related to the B. miyamotoi
DNA sources. All the pathogens included in the first
clonal complex were isolated from 1. persulcatus tick

Table 2. Fragments of genes for MLST, PCR and sequencing primers

Fragment Protein* 5.3 primer sequences The length of the | The length of the
name P q PCR products, bp MLST loci, bp
acpS holo-ACP synthase gACgAAATCAATAggATgTgATATAATAAAQGYT 365 192
CTATTACAAATgCAATAgAgGTACTCCCTTTCA
nusB Transcription antitermination ggATTTAAgACATAAgQgCTAgAgTTTTAgGCTTTTC 417 380
factor NusB gAgCTCTCCATATTTTTTAACAAAGCATCAAg
motB Flagellar motor protein MotB CCTgAATATATgTTgACATATggAgACATggTT 623 413
CCTgCAAATCCAgATACCTCAAATTTACTC
dnaX DNA polymerase Ill subunit CTgCTATTAAgAAgCgTCCCAgAgAT 653 560
gammaltau CTgATCAAAAAgAgTATAAgCATCCCTTACAC
rplP 508 ribosomal protein L16 gTATAgGAAAgAAgCAAAgAggAAgACTgTCA 393 269
CACCTCAAATCTCgCCTTATCACAAATATAg
cdd Cytidine deaminase GAAGCTGCAAGAAATAATGCATATTCACCAT 620 233
GCTGCATAATCCTATTATTTGTAAAGATAGC
lysM LysM peptidoglycan-binding gACTTgATCCTggTgCTATTgTTAAAgCTAg 624 522
domain-containing protein CCCgATCTCTAAgCTTAgAAgATCTAATTGC
miaA tRNA (adenosine(37)-N6)- TCCTACgggTgTAggTAAAAgGTgACATT 626 555

dimethylallyltransferase MiaA

CCTCTTCAAgCAATCCACAATCAATC

Note. *The designation of the protein from NCBI (www.ncbi.nim.nih.gov). **The nucleotide positions of MLST loci in the reference strains were

presented in the Table 3.



KYPHAJI MUKPOBMONOTUW, SNMULEMUONOTN U UMMYHOBUOJIOTUW. 2024; 101(1) 85
DOI: https://doi.org/10.36233/0372-9311-419
OPWUMMHAJIbHBIE UCCNEAOBAHMA
Table 3. Designations of alleles and sequence types
Fragments (lenght, bp)***
Sequence
DNA source acpS nusB motB dnaX | b a60) | cdd 233) | YSM miaA type
(192) | (380,386)| (413) (560) | ™ (522) (555)
Strains** Yekat-1* 1 1 1 1 1 1 1 1 ST-1
896361—- 800974— 613232— 423437— 404829- 265228- 253627-  37083-
896170 801353 613644 423996 405097 265460 254148 37637
1zh-14 1 1 1 1 2 1 1 1 ST-2
404724
404992
1zh-4 1 1 1 1 1 1 2 2 ST-3
253612—  37068-
254133 37622
Yekat-6 1 2 2 1 1 1 1 1 ST-4
800953- 613211-
801332 613623
1zh-5 2 1 1 2 1 2 1 1 ST-5
896194— 423437- 265228-
896385 423996 265460
FR64b 2 1 1 2 1 1 3 1 ST-6
650921—
651442
HT31 2 1 1 2 1 1 1 3 ST-7
37098-
37652
LB-2001 & 3 3 3 3 & 4 4 ST-8
897013— 801812— 613265- 423552— 404960- 265566— 253956-  37153-
897204 802191 613677 424111 405228 265798 254477 37707
CA17-2241 5 5 5 6 5 5 6 6 ST-9
10054—  105075- 292933- 482530- 501393- 640132— 651447— 868175—
10245 105454 293345 483089 501661 640364 651968 868729
NL-IR-1 4 4 4 4 4 4 5 5 ST-10
893710— 798494— 611883— 422636— 404082- 265475- 253875-  37104-
893901 798879 612295 423195 404350 265707 254396 37658
DNA samples  136_KBR21 4 6 4 4 4 4 5 5 ST-11
Bal_Y17 2 1 1 1 1 1 1 1 ST-12
Sha_Y17 1 1 1 1 1 1 1 2 ST-13
4426_Y17 2 1 1 2 1 1 1 1 ST-14
2154 _T14 2 1 1 1 1 1 7 1 ST-15

Note. *The Izh-16 strain is assigned to ST-1. **Alleles and sequence types of the first nine strains were designated based on the whole genome
sequences, allelic profiles of the NL-IR-1 strain and isolates were obtained by testing the MLST scheme. ***For the unique alleles the nucleotide
positions of MLST loci in the reference strains sequences described in Material and Methods section are indicated. The alleles nusB-6 and
lysM-7 have identification numbers in the GenBank database OR192576 and OR134830, respectively.

suspensions obtained in Russia. The first clonal com-
plex also contains strains FR64b and HT31 isolated in
Japan from the same vector species. STs included in
the second clonal complex were found in /. ricinus tick
suspensions obtained from European countries and in
the Kabardino-Balkar Republic. ST-8 and ST-9 B. mi-
yamotoi were isolated from ticks of /. scapularis and
L pacificus species, respectively, distributed in North
America.

Thus, the proposed classification based on MLST
confirms the previously demonstrated genetic hetero-
geneity of B. miyamotoi populations corresponding to
Asian (clonal complex I), European (clonal complex 1)

and American (ST not included in clonal complexes I
and II) genotypes [1, 14, 15], circulating in different
continents, which is associated with ecologically unre-
lated vectors of the pathogens.

Conclusion

In this study, based on the available whole-genome
data, an MLST scheme was developed to differentiate
B. miyamotoi pathogens collected in different territo-
ries. By the example of the first ST clonal complex dis-
tribution, it is possible to draw a conclusion about the
most common variants of B. miyamotoi circulating in
Russia and some foreign countries. This approach may
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Genetic relationships of sequence types within the B. miyamotoi species based on allelic profiles differences
(the UPGMA algorithm).

The number in parentheses is the strain or isolates name for the sequence types found once. The Roman numeral is the designation
of clonal complexes.

become a convenient tool for monitoring the pathogens
of ITBB and characterizing evolutionary changes in the
described clonal complexes. The use of MLST involves
the examination of biological material samples after
qualitative detection of B. miyamotoi DNA or obtain-
ing a culture of the pathogen. Due to the complexity
of B. miyamotoi cultivation, the bulk of B. miyamotoi
pathogens can be characterized using MLST and the
rest are characterized with the help of whole-genome
sequencing, which at the present stage is necessary for
a thorough analysis of evolutionary changes occurring
in bacterial populations.

Further studies should be focused on expanding
the selection of characterized isolates, including valida-
tion of the developed in silico MLST scheme using nu-
cleotide sequence information published in GenBank,
as well as searching for possible relationships between
the described B. miyamotoi ST and antigenic variants
determined with the help of the main surface protein
typing data [2]. After extended testing of the proposed
MLST scheme, the possibility of combining all the ob-
tained data into a common database, similar to exist-
ing standards for intraspecific characterization of other
pathogens, may be considered [7].
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Characteristics of Streptococcus pneumoniae carriage
in the pediatric population
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Abstract

Objective: to investigate the regional peculiarities of Streptococcus pneumoniae carriage in the pediatric
population and characterize the dominant serotypes of the pathogen.

Materials and methods. The clinical study group consisted of 509 healthy children attending preschool
institutions. Examination of nasopharyngeal samples for the detection of S. pneumonae was carried out by
classical bacteriological and molecular biological methods. The serotype was determined by real-time PCR.
Genome-wide sequencing of the serogroups 15 and 11 isolates and bioinformatic analysis were performed.
Results. The S. pneumoniae bacterial carriers in the group of healthy children was detected in 207 children
(40.7%), while the frequency of detection of S. pneumoniae in urban children living in Kazan was significantly
higher than in children living in rural area and amounted to 53.4 and 31.1%, respectively (p < 0.05). Among children
vaccinated with the 13-valent pneumococcal conjugate vaccine (PCV-13), S. pneumoniae carriers were not
detected in 57.5% of cases. There were no significant differences in the degree of nasopharyngeal contamination
depending on the vaccination status. Analysis of the serotype composition indicates the predominance of vaccine
serotypes (57.7%), while the share of serotypes included in the PCV-13 vaccine accounts for only 24.7%, the
share of non-vaccine serotypes was 32.1%, untyped — 10.2%. In unvaccinated children, vaccine serotypes that
are part of the PCV-13 and 23-valent polysaccharide pneumococcal vaccine prevailed (PPSV-23): 6ABCD (21%),
11 AD (15%), 14 (13%). In vaccinated children, serotypes not included in the active vaccines dominated: 15AF
(17.4%), 23A (19.2%), as well as 11AD (19.6%) (11Ais included in PPSV-23). The 27 Kz isolate (serotype 15C)
belonged to one of the most common sequence types ST1025. The 105_Kz isolate (serotype 11D) belonged to
another common sequence type ST 62.

Conclusion. In order to improve epidemiological surveillance of pneumococcal infection, it is necessary to
introduce the monitoring of circulating clonal complexes of dominant S. pneumoniae serogroups and analyze the
genetic determinants of antibiotic resistance and virulence depending on the sequence type.

Keywords: Streptococcus pneumoniae, bacterial carrier, serotypes, sequence types
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XapaktepuncTtnka 6akrepmoHocuTenbCcTBa
Streptococcus pneumoniae B peTckon nonynaynu

Wcaesa ILW."?*, 3apunosa A.3.2%, basasutoBa J1.T."%, XycanHoBa P.M."?,
Yasosa T.A.', TionkuHa 0.9.", HukutnHa E.B.*, LiBeTkoBa U.A.*>

'Ka3aHCKniA HayYHO-UCCNeA0BaTENbCKUIN MHCTUTYT SNUAEMNONOrA 1 MUKpobuonoruu, KasaHb, Poccus;
2Ka3aHCKU rocyjapCTBEHHbIN MeauUMHCKUIN yHUBepcuTeT, KasaHb, Poccus;

3LleHTp rurneHsl 1 asnuaemuonorun B Pecnybnuke TatapctaH (TatapcTaH), KasaHb, Poccus;
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AHHOMauus

Llenb: n3yyeHve pernoHanbHblx ocobeHHocTel bakTepnoHocuTenscTBa Streptococcus pneumoniae B AETCKON
nonynsiuumn 1 xapakTeprucTuka JOMUHUPYHOLLMX CepOoTUNOB BO30yaANTENS.

Matepunanbl u metoabl. O6cnenoBaHbl 509 300pOBLIX AETEN, NOCELLAOLWMX AETCKME OOLKOMbHbIE ydpexae-
HUs. MiccnegoBaHve Ma3KkoB U3 HOCOMMOTKM Ha OBHapyxeHue S. pneumoniae NPOBOAUNM Kraccuyeckum GakTe-
puvonorMyecknuMm u MonekynspHo-brnonormyeckum metogamu. OnpegeneHme cepoTuna ocyLLecTBNANM METOA0M
NnonMmepasHoOW LEeMHON peakuun B peanbHOM BpeMeHu. MNpoBeaeHo NONHOreHOMHOE CeKBEHMPOBaHNE N30NSTOB
ceporpynn 15 un 11.

Pe3ynbratbl. bakTtepnoHocutenscTBo S. pneumoniae B rpynne 300poBbix AeTen BbiseneHo y 207 (40,7%) ae-
Ten, Npu 9TOM YacToTa obHapyXeHus S. pneumoniae y rTOPOACKNX AeTen, npoxuBawmx B KasaHu, 6eina go-
CTOBEpPHO Bhbille, YeM y cenbckmx aeten, n coctasuna 53,4 n 31,1% cootsetcTBeHHO (p < 0,05). Cpeau geren,
BaKUMHUPOBAHHbIX 13-BaneHTHON NMHEBMOKOKKOBOW KOHbIOrMpoBaHHow BakuuHon (MKB-13), B 57,5% cnyyaes
HocuTenbCTBa S. pneumoniae He Habnoganock. [JOCTOBEPHbIX pasnuMunii no cteneHn o6CcemMeHEHHOCTN HOCO-
rMOTKM B 3aBUCMMOCTM OT BaKLMHANbHOIO cTatyca He YCTaHOBIEHO. AHanu3 cepoTMNOBOro COCTaBa yKkasbiBaeT
Ha npeobnagaHne BakUMHHbIX cepoTunoB (57,7%), Npy 3TOM Ha OM0 CePOTUNOB, BXOASLLMX B COCTaB BaKLUHbI
MKB-13, npuxoantcsa Bcero 24,7%; [onsa HeBakUMHHbLIX cepoTunoB coctaBuna 32,1%; Hetunupyembix — 10,2%.
Y HeBaKLUMHMPOBaHHbIX AeTel npeobnaaany BakUMHHbIE CEpOTUNbI, Bxoasme B coctas MNKB-13 n 23-saneHTHoi
nonvcaxapugHon nHeBMOKOKkoBol BakumHbl (MTMNCB-23): ceporpynna 6ABCD (BaKUMHHLIMW SBASIKOTCA CEPOTU-
nbl 6A 1 6B; 21%), 11AD (15%), 14 (13%). Y BaKUMHUPOBaAHHbLIX AETEN AOMUHMPOBANKN CEPOTUMLI, HE BXOASILLNE
B cOCcTaB AewcTeytowmx BakumH: 15AF (17,4%), 23A (19,2%), a Takke 11AD (19,6%; 11A BxoauT B MNMCB-23).
U3onat 27_Kz (cepotun 15C) oTHOCUNCSt K 04HOMY M3 Hanbonee pacnpoCTpaHEHHbIX CUKBEHC-TUNoB ST1025.
M3onat 105_Kz (cepotun 11D) oTHOCUNCS K APYrOMY pacnpoCTPaHEHHOMY CUKBEHC-TUNy ST62.

BbiBoAbI. B Lensx coBepLleHCTBOBaHMST 3MMOEMUONOrMYECKOro Haa3opa HeobxoaAMMo BHEAPEHNE MOHUTOPUH-
ra 3a UMpKyNUpYLWMMK KNOHaNbHLIMW KOMMNIIEKCAMU JOMWHUPYIOLLMX CEpPOrpynn nNHEBMOKOKKOB U npoBeae-
HWe aHanm3a reHeTUYecKMX AeTEPMUHAHT aHTUOMOTMKOPE3UCTEHTHOCTU N BUPYNEHTHOCTU B 3aBMCMMOCTU OT
CUKBEHC-TMNA.

KnroueBble cnoBa: Streptococcus pneumoniae, 6akmepuoHOCUMeibCmeo, Cepomuribl, CUKBEHC-MuUrbl

Amuyeckoe ymeepxdeHue. ViccrenoBaHue npoBoaniock nNpyu 4o6poBonbHOM MHEPOPMUPOBAHHOM COrnacumn naum-
eHTOoB. [TpoTokon uccrnepoBaHnst ofobpeH STnyeckum kommteTom KazaHCKoro Hay4Ho-MCCnenoBaTenbCkoro MHCTUTyTa
anuaemwuonornm n mukpobuonorum (npotokon Ne 1 ot 12.03.2020).

BnazodapHocmb. ABTOPbI UCKPEHHE NPU3HATENbHbI KOMneram 13 rpynmnel METareHOMHbIX UCCREAoBaHuiA oTAena anw-
aemuonorun HAW anugemmnonorum n mmukpobuonorum umenu Mactepa (O.E. Mones u ap.) 3a nomoLLp B CEKBEHUPOBa-
HWK BbIBPaHHbIX penpe3eHTaTUBHbIX U30MATOB.

UcmoyHuk c¢huHaHcupoeaHus. ViccnegosaHne npoBegeHoO B pamkax rpaHta «Sapiens (Scientific assessment of
pneumococcal infection epidemiology networks)». CnoHcop uccrnegoBanusi: bnarotBoputenbHbii oHg PocTponosu-
Ya—BuwHesckol «Bo umsi 3nopoBbsi 1 Byayluero aeten» npu cogenctammn ObLiepoccuiickolt obLLECTBEHHON OpraHu-
3aumn «lMNegmaTtpuyeckoe pecnvpaTopHoe obLLEeCTBOY.

KoHgbniukm uHnmepecoe. ABTOpbI AEKNapupyoT OTCYTCTBME SBHbIX Y NOTEHLMArbHbIX KOH(UKTOB MHTEPECOB, CBS-
3aHHbIX C Nybnukaumnen HacTosiLLen cTaTb.

Ana yumupoeaHus: Vicaesa [lLU., 3apunosa A.3., bassutosa J1.T., XycauHosa PM., Yasoea T.A., TionkuHa O.®.,
Hukutuna E.B., LiBeTkoBa W.A. XapakTepuctuka b6aktepuoHocutenbctea Streptococcus pneumoniae B [ETCKOW Momy-
nauumn. XKypHan mukpobuornoauu, anudemuonoauu u ummyHobuonoauu. 2024;101(1):89-99.
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Introduction

Streptococcus pneumoniae is one of the most com-
mon bacterial respiratory pathogens. Infections caused
by this microorganism continue to be a pressing issue,
with young children and the elderly belonging to the
high-risk group [1]. According to the structure of cap-
sular polysaccharide, 100 serotypes of S. pneumoniae
have been identified to date [2]. The wide application
of molecular genetic methods allows further differen-
tiation of pneumococci by clones and sequences-types.
The spectrum of dominant serotypes may depend on
the age of the subjects and the geographic region, al-
though similar distribution patterns have been observed
in different countries. According to multicenter studies,
approximately 20 serotypes account for more than 80%
of invasive pneumococcal infection (IPI) cases in all
age groups, with 13 of the most common serotypes re-
sponsible for 70-75% of pediatric IPI cases [3].

Pneumococcal vaccines include the most relevant
serotypes that are associated with IPIs. Since the intro-
duction of specific prophylaxis against pneumococcal
infection in national childhood immunization programs,
an increase in immune coverage has been observed not
only among the child population but also among adults.
As part of a research project to assess the shift and
spread of pneumococcal pathogen serotypes, data from
44 surveillance sites (Europe, North America, Africa,
Latin America, Asia and Oceania) were analyzed to ex-
amine the direct and indirect effects of routine use of
childhood vaccination programs with 10- and 13-valent
pneumococcal conjugate vaccines (PCV-10 and PCV-
13) on the incidence of IPIs. Routine childhood immu-
nization with PCV was observed to result in an 85%
reduction in IPIs among children and adults of all ages
6 years after the vaccine introduction [3].

Despite the undoubted achievements of vaccine
prophylaxis, which can be attributed to the reduction of
IPIs in all age groups of vaccinated and unvaccinated
individuals, there is evidence of an increase in the fre-
quency of nasopharyngeal colonization with non-vac-
cine and untypable serotypes, including encapsulated
strains of pneumococci. Numerous studies of PCV-13
efficacy in different regions have shown that the use
of this vaccine can not only reduce the incidence of
pneumococcal infection, but also cause changes in the
serotype composition of circulating S. pneumoniae
strains [4, 5].

One of the priority areas of pneumococcal infec-
tion control is conducting scientific research to study
the direct and indirect effect of vaccination on the re-
sults of morbidity and bacterial carriers after the intro-
duction of PCV to the pediatric population in different
territories.

The objective of our study was to investigate re-
gional peculiarities of S. pneumoniae carriage in the
pediatric population and characterize the dominant se-
rotypes of the pathogen.

Materials and methods

As part of the regional monitoring in the Republic
of Tatarstan in 2020-2022, 509 children aged 3 years
to 5 years 11 months and 29 days were examined in
accordance with the inclusion criteria (acceptable age,
parents or legal representatives signing a voluntary in-
formed consent form). The studies were approved by
the Local Ethical Committee of the Kazan Research
Institute of Epidemiology and Microbiology (protocol
No. 1 of 12.03.2020). The group of healthy children
(n = 509) included those attending preschool institu-
tions in Kazan (n = 204) and Vysokaya Gora (n = 305),
in the absence of acute respiratory disease symptoms.
Vaccine status of children was studied according to
their developmental checklist.

Nasopharyngeal swabs served as the main mate-
rial for the study. ESwab (Copan) fluid collection and
transportation system was used for collection and trans-
portation of biomaterial. S. pneumonae was determined
by bacteriological and molecular-biological methods.
Culturing was performed on Colombian CNA agar with
5% defibrinated sheep blood (Sredoff). Petri dishes
were incubated for 1824 h at 37°C in an atmosphere
containing 5% CO,. S. pneumoniae was identified by
morphological (Gram-positive diplococci), cultural
(S-form colonies with alpha-hemolysis) and biochem-
ical properties (catalase test, sensitivity to optochin
and bile salts) in accordance with the methodological
guidelines'.

DNA was extracted from pure S. preumoniae cul-
tures using the AmpliSens DNA-Sorb-B Nucleic Acid
Extraction Kit (InterLabService). Typing of the ob-
tained samples by polymerase chain reaction (PCR) was
carried out in two stages. The first stage was detection
of marker genes of S. pneumoniae — IlytA and cpsA;
the second stage — serotype determination by real-time
PCR using fluorescently labeled oligonucleotides
and primers according to CDC recommendations?:
6A/B/C/D, 9A/V, 23F, 19F, 18A/B/C/F, 15A/F, 19A, 3,
12F/A/B/44/46, TA/F, 4, 5 11A/D, 16F, 9L/N, 14, 1, 2,
22A/F, 23 A, 33A/33F/37. S. preumoniae isolates that
were not categorized into the studied groups were la-
beled as untypable.

Whole genome sequencing (WGS) was per-
formed for 2 S. preumoniae isolates, whose serotypes
were determined by PCR as 15AF and 11AD. The
genome analysis of the first isolate showed that it be-
longed to serotype 15C (Streptococcus pneumoniae

' Methodological guidelines MG 4.2. 0114-16 “Laboratory diag-
nosis of community-acquired pneumonia of pneumococcal
etiology” (approved by the Federal Service for Surveillance on
Consumer Rights Protection and Human Welfare, Chief State
Sanitary Doctor of the Russian Federation).

Table 1: List of oligonucleotide primers used in 41 conventional
multiplex* PCR assays for pneumococcal serotype deduction of
70 serotypes. URL: http://www.cdc.gov/streplab/downloads/pcr-
oligonucleotide-primers.pdf
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105_Kz CP125291), while the second isolate belonged
to serotype 11D (Streptococcus pneumoniae 105 Kz
CP125291). The obtained data were uploaded to Gen-
Bank (BioProject PRINA971376 (NZ CP126249.1)
and PRINA1009429). The choice of serotypes for se-
quencing is explained by the significant spread of pneu-
mococci serogroups 15 and 11 against the background
of vaccination, with only serotypes 11A, 15A and 15C
included in the new PCV-20 (Pfizer) [6], serotypes 11A
and 15B — in the composition of PV23.

For WGS, DNA was isolated from pure S. pneu-
moniae cultures, using the QIlAamp DNA Mini Kit
(Qiagen). WGS was performed on DNBSEQ-G50
(MGI) and GridION (Oxford Nanopore Technologies)
platforms. Libraries for WGS were prepared using the
MGIEasy Fast FS DNA Library Prep Set (MGI), Na-
tive Barcoding Expansion and Ligation Sequencing
Kit (Oxford Nanopore Technologies), respectively.
The median length of the library fragments was 430 bp
(identified using the QIAxcel Advanced System capil-
lary gel electrophoresis system). Sequencing to obtain
paired-end reads was performed on the DNBSEQ-G50
platform (MGI) using the DNBSEQ-G50RS kit (FCL
PE150/FCS PE150).

The quality of the obtained nucleotide sequenc-
es was assessed using the FastQC v. 0.11.8 program
(Babraham Bioinformatics). Quality read filtering and
removal of PCR adapters and primers used in library
preparation were performed using the Cutadapt v. 1.15
program. For de novo genome assembly, the SPAdes v.
3.15.4 algorithm was used [7], for hybrid assembly —
Unicycler v. 0.4.7 [8]. The final quality assessment was
performed using the Quast v. 5.0.2 program [9]. MLST
(Multilocus sequence typing) was performed using the
MLST v. 2.0 program® [10]. Genomes were annotated
using the RAST (Rapid Annotations using Subsystems
Technology) server [11]. The CARD database was used
to identify genes and mutations associated with antibi-
otic resistance [12]. The search for prophage sequences
in the genomes of the studied isolates was performed
using the Phaster online service [13], the search for
pathogenicity islands in the genomes was performed
using the IslandViewer v. 4 online service [14].

The results obtained during the study were pro-
cessed using the Statistica for Windows v. 6.0 program
system. The level of p < 0.05 was considered as the
criterion of statistical reliability of the obtained data.

Results

S. pneumoniae bacterial carriers in the group of
healthy children were detected in 207 (40.7%) children,
and the frequency of S. pneumoniae detection in chil-
dren living in Kazan was significantly higher than in
children living in rural areas — 53.4 and 31.1%, respec-

3 Center for Genomic Epidemiology.
URL: http://www.cbs.dtu.dk/services/MLST
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tively (p < 0.05). When studying the vaccination status
according to the development checklists, it was found
that out of 509 healthy children, 315 were vaccinated
with PCV-13 (Table 1). Of the 207 S. pneumoniae car-
riers, 134 children were vaccinated, with 43 children
receiving the full course of vaccination, 47 receiving
2 doses, and 44 receiving only 1 dose.

According to the Immunoprophylaxis Republi-
can Center, vaccination of the child population against
pneumococcal infection has been conducted in the Re-
public of Tatarstan according to the national calendar of
preventive vaccinations since 2014. The PCV-13 pneu-
mococcal vaccine is used for vaccination in accordance
with the schedule, which includes vaccination at 2, 4,
5 months and subsequent revaccination at 15 months.
As 0f01.01.2021, 82% of children aged 0—7 years were
vaccinated with 1-3 doses of the vaccine, with the share
of those who had undergone the full course of vaccina-
tion and revaccination amounting to 60.4%.

No S. pneumoniae bacterial carriage was observed
among vaccinated children in the majority of cases
(57.5%). Only 20.7% of children who underwent the
full course of vaccination were found to be S. pneumo-
niae bacterial carriers (p < 0.01). Thus, in most cases
the bacterial carriers were unvaccinated or children
who had not undergone the full course of vaccination.

When studying the degree of nasopharyngeal
S. pneumoniae contamination, it was found that
low contamination (10'-10*> CFU/tampon) was ob-
served in 62 (30%) cases, moderate contamination
(10°-10* CFU/tampon) in 113 (54.6%), high contam-
ination (10°-10° CFU/tampon) in 32 (15.4%). At the
same time, in the groups of bacterial carrier children,
both vaccinated and unvaccinated, a moderate degree
of contamination prevailed, no significant differences
in the degree of contamination depending on PCV-13
vaccination were found (Table 2).

The serotype composition of pneumococcal
strains isolated from healthy children was studied and
analyzed depending on the vaccine status of the bacte-
rial carrier (Table 3).

The total number of identified serotypes of S. pneu-
moniae isolated from nasopharyngeal swabs exceeded
the number of cultures isolated, indicating mixed colo-
nization by several serotypes (from 2 to 4), with mixed
colonization more frequently observed in vaccinated
children in most cases. This phenomenon has also been
observed by other researchers [15].

The results of the serotype composition analysis
indicate low coverage of serotypes circulating among
child carriers by pneumococcal vaccines used in Rus-
sia, and we were unable to differentiate individual sero-
types within some serogroups during the study. The re-
sults obtained can be assessed as tentative and requiring
further deciphering. The share of serotypes included in
the PCV-13 vaccine was 24.7%, and the share of vac-
cine serotypes of the 23-valent pneumococcal polysac-
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Table 1. The frequency of S. pneumoniae bacterial carriage in vaccinated healthy children, n (%)

— Number of vaccinated Number of children who are not Number of the S. pneumoniae
Vaccination . ) . . .
children S. pneumoniae carriers carrier children
V1 108 64 (59,3%) 44 (40,7%)*
V2 115 68 (59,2%) 47 (40,8%)*
V3 92 49 (53,3%) 43 (46,7%)
Total 315 181 (57,4%) 134 (42,5%)*

Note. *p < 0.01 compared to the non-carrier group.

Table 2. The degree of S. pneumoniae contamination of the nasopharynx depending on vaccination by PCV-13, n (%)

The degree of Number of S. pneumoniae | The number of cases of S. pneumoniae | Number of cases of S. pneumoniae
contamination carrier children carriage in vaccinated children carriage in unvaccinated children p
Low 62 (30%) 35 (26,2%) 27 (43,5%) 0,152
Medium 113 (54,6%) 78 (58,2%) 35 (47,1) < 0,01
High 32 (15,4%) 21 (15,6%) 11 (34,4%) 0,013
Total 207 134 (64,7%) 73 (35,3%) <0,01

charide vaccine (PPSV-23), which is not used for vac-
cination of children, was 33%. The share of non-vac-
cine serotypes amounted to 32.1%, and untypable
serotypes — 10.2%. Analysis of serotype composition
depending on the vaccination status of the children
showed significant differences in the frequency of sero-
types. In unvaccinated children, serotypes belonging to
vaccine serotypes prevailed — 6ABCD (21%), 11AD
(15%), 14 (13%), although we were unable to differ-
entiate vaccine and non-vaccine serotypes in several
serogroups. In vaccinated children, predominant sero-
types were 15AF (17.4%), 23A (19.2%), i.e. serotypes
not included in current vaccines, and 11AD (19.6%),
part of the serogroup, a representative of which (11A)
is included in PPSV-23, which is very rarely used to
prevent pneumococcal infection in children.

Of the isolates associated with the most common
serogroups 15 and 11 among pediatric carriers that are
not included in the PCV-13 vaccine, one representative
isolate each was selected for sequencing (Table 4). The
27 Kz isolate (serotype 15C) belonged to sequence
type ST1025. The 27 Kz genome isolate contained
one intact prophage (Streptococcus phage SpSLI,
NC 027396(23), 39.7 bp) and residues of 3 prophages.
The 27 Kz genome contained components of phos-
photransferase systems of different specificity (galac-
tose-specific, mannitol-specific, beta-glucosidase-spe-
cific, cellobiose-specific); sortase genes; IgA1-protease
gene; LanM lanthionine-containing bacteriocin syn-
thesis genes; asparagine synthesis genes; piaABCD lo-
cus (encoding iron ion transporters); ABC transporter
genes of different specificity (amino acids, polyamines,
metal ions). Variants of the type I restriction-modi-
fication system (types of S-subunit specificity) of the
27 Kz isolate were associated with pathogenicity
(based on the annotation in IslandViewer v. 4). The
presence of antibiotic resistance determinants of differ-

ent classes of antibiotics was predicted using RAST-on-
line. A variant of the fol/4 dihydrofolate reductase gene
associated with trimethoprim resistance was identified
in the 27 Kz genome (Table 4).

The 105 Kz isolate (serotype 11D) belonged
to ST62. The 105 Kz isolate genome contained res-
idues of 4 prophages and a mobile genetic element
Tn5252 containing a lantibiotic synthesis locus. The
105 _KZ isolate genome also contained components
of phosphotransferase systems of different specificity,
soraptase genes, IgAl-protease gene, piaABCD locus,
ABC-transporter genes of different specificity (amino
acids, polyamines, metal ions). The 105 Kz isolate was
characterized by the presence of cytosine-DNA methyl-
transferase gene (most genetic lines of S. pneumoniae
contain adenine-DNA methyltransferases). The pres-
ence of a cytosine-specific methyltransferase that is not
widely distributed among S. pneumoniae may explain
the absence of intact prophages in the genome of this
strain, and may also be related to the genetic stabili-
zation and spread of ST62. Furthermore, the 105 Kz
isolate has ATP synthase V (not F type) and may have
features of energy metabolism.

Thus, based on vaccination in Russia, there is a
spread of serogroups 15 and 11 in child bacterial car-
riers of S. pneumoniae, representatives of which may
be associated with genetic lines that have potentially
increased virulence or other adaptive changes that en-
sure stabilization and successful spread of these clones.

Discussion

The results of our study show that PCV-13 vacci-
nation does not completely exclude the phenomenon of
bacterial carriage among preschool children, but at the
same time, children who have undergone a full course
of vaccination and revaccination have significantly
lower rates of bacterial carriage compared to the group
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Table 3. Serotype composition of S. pneumoniae isolated from healthy bacterial carrier children depending on the vaccination

status, n (%)

. . All vaccinated Unvaccinated Vaccinated
Vaccine Identified serotypes and unvaccinated with PCV-13 with PCV-13 p
4 0 0 0 -
6ABCD (only 6A and 6B are included
( A & 48 21 (43,75%) 27 (56,25%) 0,223
9AV (only 9V is included in PCV-13)* 0 0 0 -
14 20 13 (65%) 7 (35%) 0,061
18ABCF (only 18C is included in PCV-13)* 4 0 4 -
PCV-13
vaccine 19F 1 0 1 -
serotypes 23F 0 0 0 _
1 1 0 1 -
5 0 0 0 -
7AF (only 7F is included in PCV-13)* 0 0 0 =
3 6 1(16,67%) 5 (83,33%) 0,021
19A 0 0 0 -
2 1 1 0 -
8 0 0 0 -
9LN (only 9N is included in PPSV-23)* 28 11 (39,29%) 17 (60,71%) 0,112
10A 0 0 0 -
11AD (only 11Ais included in PPSV-23)* 59 15 (25,42%) 44 (74,58%) 0,214
PPSV-23
Vaccine 12F 3 0 3 -
t
serotypes 15BC (only 158 is included in PPSV-23)* 0 0 0 -
17F 0 0 0 -
22F 11 4 (36,36%) 7 (63,64%) 0,211
33F 5 0 5 -
12AF (only 12F is included in PPSV-23)* 0 0 0 -
15AF 49 10 (20,41%) 39 (79,59%) 0,213
Non-vaccine 16F 1 0 1 _
serotypes
23A 54 11 (20,37%) 43 (79,63%) 0,213
Untyped _ o o
serotypes 33 13 (39,39%) 20 (60,61%) 0,087
Total 324 100 (30,86%) 224 (69,14%) 0,216

Note. *Serotypes of some serogroups were not differentiated by real-time PCR.

of children who have not been vaccinated or undergone
its full course. We have not revealed the influence of
vaccination on the degree of pneumococcal coloniza-
tion of the nasopharynx in healthy bacterial carriers.
Possibly, the degree of colonization is influenced by
other factors related to immunological features of the
host, virulence of the pathogen or environmental fac-
tors, which undoubtedly requires further research.

In this study, a correlation between the frequency
of bacterial carriage and the living environment of the
children was established: in urban children the frequen-
cy of nasopharyngeal colonization with S. prneumoni-
ae was significantly higher than in children living in
rural areas, which can be explained by more frequent
contact in the urban environment. These data should be
taken into account when planning regional monitoring
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Table 4. Characteristics of genomes of serotypes 15C and 11D isolates obtained from nasopharyngeal swabs of children with

identified S. pneumoniae carriage

Genbank Year of Sequence Patient's age
Sample accession isolation Serotype type years PEN ERY TET CHL TXT
number
27 _Kz NZ_CP126249.1 2020 15C 1025 3 S S S S R
105 _Kz PRJNA1009429 2020 11D 4 S S S S S

Note. PEN — penicillin; ERY — erythromycin; TET — tetracycline; CHL — chloramphenicol; TXT — co-trimoxazole; R — presence,

S — absence of resistance determinants.

Source: Prediction of antimicrobial resistance in PATRIC and RAST. URL: https://www.bv-brc.org/job

studies of S. pneumoniae circulation among different
groups of the pediatric population. Monitoring studies
conducted in different countries indicate the existence
of common patterns in the distribution of S. preumoni-
ae serotype composition after the introduction of rou-
tine immunization. For example, in Portugal, PCV-13
has been available since 2010, after a decade of using
PCV-7. S. Felix et al. evaluated changes in the serotype
distribution and antimicrobial susceptibility of pneu-
mococcal pneumococci carried by children living in
two regions of Portugal (one urban and one rural) over
3 epidemiologic periods: before the introduction
of PCV-13 (2009-2010), the early PCV-13 period
(2011-2012), and the late PCV-13 period (2015-2016)
[16]. Nasopharyngeal samples (rn = 4232) obtained
from children aged 0—6 years attending day care cen-
ters were studied. PCV-13 immunization rates were
very high in both regions (> 75%). Pneumococcal car-
riage remained consistently high: 62.1, 62.4, and 61.6%
during the study periods, respectively (p = 0.909) in the
urban region and 59.8, 62.8, 59.5% (p = 0.543) in the
rural region. Meanwhile, the carriage of serotypes com-
prising PCV-13 decreased in both urban (16.4, 7.3, and
1.6%; p < 0.001) and rural areas (13.2, 7.8, and 1.9%;
p < 0.001). This decrease was mainly due to serotype
19A (14.1, 4.4 and 1.3% in the urban region and 11.1,
3.6 and 0.8% in the rural region; p < 0.001), while se-
rotypes 11D, 15A/B/C, 16F, 21, 22F, 23A/B, 24F, 35F
and untyped variants were most prevalent in the late
stages of PCV-13 immunization [16].

Monitoring of serotype composition of circulat-
ing pneumococci allowed in our study to identify some
trends in the structure of dominant serotypes depending
on the vaccine status of children. Thus, we found that,
despite the predominance of vaccine serotypes, the pro-
portion of S. pneumoniae variants included in PCV-13
tends to decrease and to be replaced by serotypes not
included in its composition. We observed serotype re-
placement processes in both groups, but with different
intensity. The groups of vaccinated children showed
greater genetic diversity with predominance of non-vac-
cine serotypes (15AF — 17.4%; 23A — 19.2%), while
in the group of unvaccinated children their share was
lower (15AF — 10%; 23A — 11%).

The replacement of vaccine serotypes with
non-vaccine serotypes was reported by researchers

soon after the introduction of mass immunization with
PCV in various countries. Following the introduction of
routine immunization with PCV-7 in the USA in 2003—
2005, profound changes in the distribution of serotypes
colonizing the nasopharynx of children were reported,
with some of the non-vaccine serotypes becoming more
prevalent and more aggressive due to antibiotic resis-
tance [17, 18].

Since the introduction of PCV-13, researchers
from countries that have included this vaccine in their
national immunization programs have reported an in-
crease in the number of infections with S. pneumoniae
serogroup 15, which is not covered by this vaccine
[19-21]. Pneumococci of this serogroup have caused
outbreaks and deaths in children [22, 23].

In China, continuous monitoring at the Beijing
Children's Hospital, partially reflecting the prevalence
of S. pneumoniae in Chinese children during the study
period, has shown the share of serogroup 15 pneumo-
cocci in the pediatric population to be as high as 6.12%.
After the introduction of PCV-13 in China in May
2017, the isolation rates of S. pneumoniae serogroup 15
in 2018 and 2019 were 7.41% and 10.53%, respective-
ly, showing an upward trend [24]. Chinese researchers
found that S. pneumoniae serogroup 15 strains exhibit-
ed good sensitivity to common antibiotics, but the most
common clonal complex (CC) CC3397 was 100% re-
sistant to penicillin, suggesting the influence of antibi-
otics in altering the predominant CCs [24]. Many stud-
ies have previously reported clonal shift phenomena in
other serotypes, for example, CC271 replaced CC983
among serotype 19F strains [25], ST81 replaced ST342
among pneumococcal isolates of serotype 23F [26],
CC320 replaced CC230 in 19A strains [27], CC876 re-
placed CC875 in serotype 14 strains [28]. These exam-
ples of clonal shift phenomena in one serotype may be
caused by the selection effect of antibiotics, according
to which sequence types expressing high antibiotic re-
sistance replace sequence types with lower resistance.
Long-term epidemiologic studies of antibiotic resis-
tance of S. pneumoniae strains among different sero-
types, including serogroup 15, are necessary to confirm
this theory.

Over the period of our observations since 2016,
we also note an increasing trend in the prevalence of
serogroup 15 serotypes: the proportion of 15AF sero-
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types in 20162019 and 2020-2021 increased from
2.4% to 7.0%, with 17.4% in the group of vaccinated
children in 2021; for the part of serogroup 15BC, there
is also an increasing trend from 2.4% in 2016 to 3.9%
in 2019 [29]. Serogroup 15B, 15A and 15C serogroup
15 are known to be among the most common serotypes
of S. pneumoniae associated with invasive pneumococ-
cal disease after the introduction of PCV-13, further-
more, 15B contributes significantly to the development
of acute otitis media. The capsular polysaccharides of
serotypes 15A, 15B, and 15C are closely related, with
15A having a linear structure of repeating units, and
15B and 15C having a branched structure of repeating
units of carbohydrate residues [30].

According to the results of the Russian multi-
center PeGAS studies 2015-2018 on invasive strains
of S. pneumoniae, the dominant serotypes belonging
to serogroups 3 (21%), 19F and 6ABE (11% each),
15B (6.5%) were identified. Sequence types were de-
termined in all 46 strains studied and 6 previously un-
described sequence types were identified: ST15247—
ST15252, while MLST did not reveal a predominant
sequencing type or identify a CC, with the exception
of serotype 3 strains [31]. According to the results of
another multicenter study from 2016, the genetic lines
CC505 (serotype 3), CC236/CC271/CC320 (19F),

ORIGINAL RESEARCHES

CC1025 (15BC), CC143 (different serotypes), CC311
(23F), which are often associated with invasive dis-
eases, are predominantly widespread in Russia. For
CC1025, which includes serotype 15BC, an increasing
trend in abundance has also been noted. The genetic
lines CC505, CC1025 and CC311 are associated with
sensitivity to most classes of antibiotics. The genomes
of representatives of the widespread genetic lines carry
a variety of virulence determinants [32].

Conclusion

The studies indicate a high frequency of naso-
pharyngeal colonization in preschoolers, especially
among urban children. At the same time, the serotype
landscape is influenced by the vaccination status of
the children: reliable differences in the frequency of
occurrence of different serotypes in vaccinated and
unvaccinated children have been established. At the
present stage, monitoring only the serotype (sero-
group) composition of circulating S. pneumoniae
strains is insufficient. In order to improve epidemio-
logic surveillance of pneumococcal infection, it is
necessary to introduce the monitoring of circulating
S. pneumoniae CC and analysis of genetic determi-
nants of antibiotic resistance depending on ST, using
WGS and bioinformatics analysis.
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Abstract

Background. Due to the wide coverage with antiretroviral therapy, the life expectancy of HIV infected people
has significantly increased. Against the background of a decrease in mortality from HIV infection, HIV-associated
neurocognitive disorders, which develop even during effective treatment, are of high importance. The overall
prevalence of this pathology among HIV-infected people reaches 42.6%.

The objective of the study was to research the genetic features and phylogenetic position of HIV-1 persisting
in the central nervous system.

Materials and methods. The clinical study group consisted of 38 patients with severe neurocognitive disorders
against the background of HIV infection in stage 4B. The viral load of HIV-1 in blood plasma and cerebrospinal
fluid (CSF) was measured using the "AmpliSens HIV Monitor-FRT" reagents kit. Sanger sequencing was
performed using the AmpliSens HIV-Resist-Seq assay kit on an Applied Biosystems 3500 analyzer. Phylogenetic
analysis of the pol gene fragments of HIV-1 strains (the site encoding the viral protease and part of the reverse
transcriptase) was carried out using maximum likelihood method with the GTR+G nucleotide substitution model.
Comparisons of the tertiary structure of viral proteins were performed according to three-dimensional models of
the protease and p51 and p66 reverse transcriptase subunits obtained by homologous reconstruction using the
SWISS-MODEL tools.

Results. The viral load in the sample of patients with severe CNS lesions in blood plasma was 6.27 times higher
than in CSF and amounted to 4.67 and 3.87 Ig copies/ml respectively by median (p = 0,004).

Phylogenetic analysis with the use of all available HIV-1 genomes from GenBank, which differed from the studied
ones by less than 5% showed close genetic relations of viruses circulating in Chelyabinsk region, apart from
strains circulating in Russian Federation, with viruses circulating in neighboring countries, in most abundance —
from Ukraine and Kyrgyzstan, slightly less — from Belarus, Tajikistan, Kazakhstan and Armenia and also with
strains from certain foreign countries: Poland and Germany. Phylogenetic analysis of 38 HIV-1 genomes revealed
significant genetic distances between HIV isolates from blood plasma and CSF in 5 patients, 4 of whom were
PWID, which may indicate an event of superinfection.

The amount of independent amino acid substitutions in protease in isolates from blood plasma ranged from 1 to
3, in isolates from CSF — from 1 to 2. An amount of such substitutions in a fragment of reverse transcriptase in
isolates from blood plasma ranged from 1 to 6, while in isolates from CSF, it ranged from 1 to 7. HIV isolates from
blood plasma and CSF from 5 patients had differences in the tertiary structure of HIV-1 reverse transcriptase p51
subunit in amino acid positions 16—20 and 210-235. Isolates from 3 other patients differed in the tertiary structure
only in amino acid positons 210-235. Isolates from 3 patients differed in the structure of HIV-1 RT p66 subunit in
a non-nucleoside reverse transcriptase inhibitor binding pocket (NNRTI) region. Fixed differences in the tertiary
structure of p51 subunit required at minimum only 1 amino acid substitution to emerge. Alterations in the tertiary
structure of p66 subunit required at least 3 amino acid substitutions.

Conclusion. Microevolution of HIV-1 proceeds in parallel within the same patient, in different compartments,
which is reflected in the accumulation of amino acid substitutions different from another compartment in the
conserved pol gene. There is a weak correlation between the viral load level in plasma and in CSF. The genetic
heterogeneity of HIV strains from patients of the Chelyabinsk region indicates a high frequency of reintroduction of
HIV infection in the region from other countries. Differences in the tertiary structure of HIV-1 reverse transcriptase
between blood plasma and CSF isolates are regularly fixed in certain domens, which also confirms the presence
of parallel HIV microevolution during virus persistence in tissues separated by the blood-brain barrier which
allows a better understanding of the fixation trends of individual amino acid substitutions during HIV-induced
damage to central nervous system.

Keywords: HIV, HIV infection, neurocognitive disorders, brain lesions, subtypes, protease, reverse transcriptase,
tertiary structure of enzymes

Ethics approval. The study was conducted with the informed consent of the patients. The study was approved by the
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AHHOMauyus

AktyanbHocTb. bnarogapsa WwmMpokomy oxsaTy naumeHToB ¢ BUY-nHpekumen aHTMpeTpoBMpPYCHOM Tepanuen
CYLLIECTBEHHO YBENUYMNach NpOAOIIKUTENBHOCTb XN3HU UH(PMLMPOBaHHLIX Mogen. Ha goHe CHuxeHusa cmepr-
HocTu oT BNY-mHekuun BbICOKYIO BaXHOCTb NpuobpeTatT BNY-accoummpoBaHHble HEMPOKOTHUTUBHBIE pac-
CTPOWCTBA, KOTOpble Pa3BMBalOTCA Aaxe Ha oHe adhpeKkTuBHOro neveHus. O6Lasa pacnpocTpaHEHHOCTb TaKon
naronorum cpeau nuu, xmeyLumx ¢ BUY, gocturaet 42,6%.

Llenbo uccrnenoBaHusi sSIBUNOCb U3YyYeHUE FeHeTUYEeCcKUX OCODEHHOCTEW U (PUIOrEHETUYECKOTO MONOXEHMWS
BWY-1, nepcuctupytoLlero B LeHTparnbHowm HepeHol cucteme (LIHC).

MaTtepuanbi n metoabl. O6cnenoBaHbl 38 NAUUEHTOB C TAXENMbIMU HEMPOKOTHUTUBHBIMU HapyLLEeHUAMN Ha ¢o-
He BY-nHdbekuun B ctagum 4B. BupycHyto Harpysky BUY-1 onpepensnu B npobax nna3mbl KPOBU U NIMKBOpaA
¢ ncnonb3oBaHneM peareHToB «AMnnnCeHc BNY-MoHutop-FRT», BbinonHANM cekBeHnpoBaHue no CaHrepy.
dunoreHeTnyecknii aHanus parmeHToB reHa pol wrammos BUNY-1 (y4acTok, KOQMpyHOLLMI BUPYCHYIO NpoTeasy
1 YyacTb 06paTHON TpaHCKpUNTa3sbl) NPOBOAUNM METOAOM MaKCMMarnbHOro NpaBaonogobus ¢ Mogenblo 3aMeHbI
HykneotngoB GTR+G. CpaBHeHNs TPETUYHOM CTPYKTYPbI BUPYCHBIX 6EMKOB BbIMOSHANN HA OCHOBE TPEXMEPHbIX
mogaenen npoteasbl U cybbeanHul, p51 1 p66 obpaTHOM TpaHCKPUNTa3bl, MOMYyYEHHbIX METOAOM FOMOSIOrMYECKo-
ro NoCTPoeHus ¢ ncnonb3osaHuem cepsmca SWISS-MODEL.

Pe3ynbraTtbl. YpoBEeHb BUPYCHOW Harpysku B BbIGOpPKE NMALMEHTOB C TSXKENbIMU nopaxeHuamn LIHC B nnasme
KpoBm 6bIn B 6,27 pasa Bbille, YeM B NIMKBOPE, W COCTaBnsan no meanaxe 4,67 n 3,87 Ig konuin/mn cooTBETCTBEH-
Ho (p = 0,004). dunoreHeTUYECKNA aHanNu3 ¢ UCronb3oBaHMEM BCEX AOCTYMNHbIX B GenBank reHomoB BWY, oT-
nMyarLLmMxca MeHee YeM Ha 5% oT uccnegyembix LUTAMMOB, MOKa3an 6nmskoe reHeTu4eckoe poacTBO BUPYCOB,
uMpkynupyowmx B YenabuHckon obnactu, nommmo wtammoB u3 Poccun, co wrammamn BUY, umpkynupyto-
LWMMKM B cTpaHax 6nvkHero 3apybexbsi, B NepByo odepedb Ha YkpavHe u B KMpruamm, HECKONbKO MeHblle —
B benopyccun, TapkukuctaHe, KasaxctaHe, ApMeHun, a Takke co Wwtammamu 13 MNonbwu n fepmadumn. du-
noreHetuyeckmn aHanns 38 renomos BNY 13 napHbix npo6 (nvksop u nna3ma KpoBW) NO3BONWUIM BbISBUTL Y 5
NauneHTOB, 4 N3 KOTOPbIX ABNSAMUCL NOTPEBUTENSIMU NHBEKLIMOHHBIX HAPKOTUKOB, CYLLECTBEHHbIE FTEHETUYECKME
AnctaHummn mexay wrammamm BUY, BbigeneHHbIMu 13 nMKBopa 1 13 Nna3mbl KPOBU, YTO MOXET CBUAETENbCTBO-
BaTb O CynepnHOULUPOBAHMN Pa3HbIMY LUTAMMaMW.

KonnyectBo HE3aBUCUMbIX @MUHOKUCIOTHBLIX 3aMEH B MpoTease y LTaMMOB U3 Mna3mMbl cocTaensino ot 1 ao 3,
y WITaMMOB 13 nukBopa — oT 1 4o 2, B oparmeHTe 0OpaTHOM TPaHCKpMNTasbl B LUTAMMax U3 nnasMbl KpoBU —
ot 1 0o 6, B wrtammax n3 nukeopa — ot 1 go 7. B wrammax BUY 13 nnasmbl 1 nuksopa oT 5 naumeHToB Obina

© Mutepckuit M.B., Xogakos O.A., Muxeesa T.B., Bunanosa H.B., KoHbkoBa-PeigmaH A.B., 3axaposa K0.A., CemeHoB A.B., 2024



102

JOURNAL OF MICROBIOLOGY, EPIDEMIOLOGY AND IMMUNOBIOLOGY. 2024; 101(1)
DOI: https://doi.org/10.36233/0372-9311-442

ORIGINAL RESEARCHES

BbISIBMIEHA pasHuLa B CTPYKType cyObeauHuubl p51 obBpaTHOM TpaHCKpunTa3bl B @MUHOKUCIIOTHBIX MO3ULMSIX
16-20 1 210-235, ewé oT 3 nauneHToB — TOMNbKO B no3numsax 210-235. B wrtammax BUY n3 nnasmbl 1 nvkeopa
oT 3 nmauueHToB Habnoganack pasHuua B CTPYKType cybbeauHuubl p66 obpaTtHowm TpaHcKpunTassl B obnactu
CBSA3bIBAHUS C HEHYKNEO3NAHbIMU MHIMBUTOpamMmn obpaTHOM TpaHcKpunTasbl. [ns nosBneHns 3akpennaoLwmnxcs
pasnuuuii B TPETUYHON CTPYKTYpe cybbeamHuubl p51 okasanock 4OCTAaTOMHO M3MEHEHUs Bcero 1 aMUHOKKC-
notbl. [nNg n3amMeHeHusa TPETUYHOWM CTPYKTYpbl CybbeanHuubl p66 MMHMMaNbHOE KONMMYECTBO aMUHOKMCITOTHBIX
3ameH cocTaensano 3.

3akntoyeHue. Mukpoasontouns BUY-1 g€t napannenbHo B npegenax ogHoOro nauMeHTa B pasHbiX KOMNapT-
MEHTaXx, YTO OTpaXaeTcs B HAKOMMEHWUN OTNINMYHBIX OT OPYroro KOMNapTMeHTa aMWHOKUCIOTHBIX 3aMEH B KOH-
cepBaTMBHOM reHe pol. meeTcs cnabas koppensauus Mexagy ypoOBHEM BUPYCHOW Harpy3ku B Nnasme v B NMKBO-
pe. leHeTn4eckas reteporeHHocTb WTammoB BAY ot nauneHToB 13 YensbuHckon obnactu cBuaeTenscTByeT o
BbICOKOW YacToTe 3aHocoB BY-MHdeKUMn B permoH ns gpyrnx rocyaapcTs. Pasnuums B TPETUYMHOWN CTPYKType
obpaTHon TpaHckpunTassl BUY-1 mexay wrammamm 13 nnasmbl KpOBY 1 U3 NIMKBOPA 3aKOHOMEPHO 3aKpennsioT-
Cs1 B onpefenéHHbIX yYacTkax, YTo Takke noaTBEPXAAET Hanuuue napannensHon Myukpoasonoumm BUY B xone
NepcUCTUPOBaHUS BUpYCa B TKaHAX, pasgenéHHbiX reMaTosHuedanmyecknm 6apbepom, YTo NO3BOMSET nyylle
NOHATb TEHAEHUMWN 3aKpenneHns oTaenbHbIX aMUHOKWUCIIOTHBIX 3ameH npu nopaxeHun LIHC BUY.

KnroueBble cnoBa: supyc ummyHoOeghuyuma Jyenoseka, BUY-ungekyus, HelipokoeHumugHble paccmpoticmea,
ropaxkeHusi 20/108HO20 Mo32a, cybmurel, Mpomeasa, obpamHas mpaHcKpunmasa, mpemu4Has cmpykmypa
epmeHmos

OTnyeckoe yTBepxaeHue. VccnegosaHne npoBoaMnoch npu Ao6poBOIbHOM MHEPOPMUPOBAHHOM corflacuv nauu-
eHToB. VccnepoBaHue 6bino ogobpeHo nokanbHbiM aTudeckum komutetom PHUMBU «Bupom» (npotokon Ne 2 or
26.05.2022) 1 nokanbHbIM 3TU4eckUM komuteTom EkatepuHbyprckoro HAM BupycHbix nHdekumn (npotokon Ne 3 ot
17.06.2016).

BnarogapHocTb. ABTOpbI BbIpaXatoT MPU3HATENBHOCTL COTPYAHUKaM YparnbCKOro OKPY»KHOTO LieHTpa no npodunakTu-
ke n 6opbbe co CMNL PHUMBU «Bupom» — Bpayam KnmMHUYeckon nabopaTtopHomn anarHoctukm H.E. YeTBepkuHon n
A.A. Knumosoi, Bpady-anugemuonory O.A. ApaHueBon, oka3aBLUMM MOMOLLb B NPOBEAEHUN AAHHOTO UCCrnedoBaHus.

UcTouHuk cpmHaHcupoBaHuAa. PuHaHCMpOBaHUE UCCNENOBaHNS OCYLLECTBISNOCh 3a CYET CcyOCUaMM Ha BbIMOSHe-
Hne HUP (per. Homep B EFTUCY HUOKTP 121041500042-8) n.1.2.1 oTpacneBow nporpaMmMbl PocnotpebHaasopa Ha
2021-2025 rr. «Hay4yHoe obecrneveHne anMaeMMONornYeckoro Haasopa 1 caHUTapHoOW oxpaHbl TeppuTopumn Poccuii-
ckont ®epepauun. CozgaHne HOBbIX TEXHOMOIMMIA, CPEACTB Y METOAOB KOHTPONS M NPOMUNaKTUKN MHAEKLMOHHBIX U
napasuTapHbIx 6ornesHemn.

KoHbnUKT MHTepecoB. ABTOPLI AeKNapupyoT OTCYTCTBUE SIBHBIX U MOTEHLMATbHBIX KOH(IMKTOB MHTEPECOB, CBSA3aH-
HbIX C NyBnvKauuei HacTosILLel cTaTb.

Ans yumupoeaHus: Mutepckun M.B., XogakoB O.A., Muxeea T.B., bunanosa H.B., KoHbkoBa-Pengman A.B.,
Baxaposa 0.A., CemeHoB A.B. dunoreHeTnyeckoe NonoxeHve 1 reHeTmyeckne ocobeHHOCTW BMpyca nMMmyHoaedu-
uuTa Yernoseka-1 B LLeHTpanbHOW HepBHOW cucteme. XKypHan mukpobuoniozauu, anudemuonoauu u uMmyHobuonoauu.
2024;101(1):100-113.
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Introduction

HIV-associated neurocognitive disorders are com-
mon among people living with HIV/AIDS despite effec-
tive antiretroviral therapy (ART). Even when the virus
replication is effectively suppressed in the bloodstream,
it may still be observed in the cerebrospinal fluid (CSF)
of certain patients. This is because the permeability of
the blood-brain barrier (BBB) to different antiretrovi-
ral drugs varies considerably, and the concentration of
certain drugs in the CSF does not reach the concentra-
tions necessary to effectively suppress HIV replication
[1, 2]. Detection of HIV infection at late stages results
in patients who already have clinical symptoms of cen-
tral nervous system (CNS) lesions due to the damage
caused by HIV replication in the CNS prior to starting
ART [3-5].

It is known that HIV, in addition to affecting
cells of the immune system, can penetrate into the
CNS, which leads to various complications, including
HIV-associated neurocognitive disorder (HAND).

It is divided into three stages according to the se-
verity of symptoms:

+ asymptomatic neurocognitive disorder;

* mild neurocognitive disorder;

» HIV-associated dementia [6].

The 2020 Global Meta Study found that the over-
all prevalence of HAND worldwide is 42.6% and var-
ies by region. South Africa has the highest prevalence
of HAND (as well as the highest number of HIV-pos-
itive individuals) and accounts for about 72% of all
cases globally. About 88% of all HAND cases are
usually in milder forms (asymptomatic or mild neuro-
cognitive disorder), while HIV-associated dementia is
quite rare [7, 8].

HIV penetration into the CNS occurs approximate-
ly 4-8" day after infection, when a person is usually not
yet diagnosed with HIV infection [9]. The virus passes
through the BBB with the help of infected monocytes
and T lymphocytes [10], [11]. HIV provirus-containing
CD14" and CD16" monocytes have been observed to
pass through the BBB more actively than similar un-
infected cells. The adhesive molecules JAM-A (junc-
tional adhesion molecule A, or CD321) and ALCAM
(activated leukocyte cell adhesion molecule, or CD166)



KYPHAJ1 MUKPOBUOJIOTUN, SMTMAEMNONOTUN N UMMYHOBUOJOIMNI. 2024; 101(1) 103

DOI: https://doi.org/10.36233/0372-9311-442

OPUTVHANbHbBIE NCCJTIEAOBAHNA

play an important role in this process. By interacting
with microvascular endothelial cells of the BBB, they
allow monocytes to penetrate the barrier. Their expres-
sion is significantly increased in infected CD14" and
CD16" monocytes. Furthermore, the number of chemo-
kines in the CNS, in particular CCL2, increases, and
the number of receptors to this chemokine increases on
the surface of infected CD14*- and CD16*-monocytes
[12, 13].

Upon entry into the CNS, infected monocytes may
differentiate into perivascular macrophages, which will
form a stable reservoir for the virus and will release
viral particles for an extended period of time, infecting
other CNS cells, such as macrophages, astrocytes and
microglia, each of which may also act as a reservoir for
the virus, even under conditions of prolonged adminis-
tration of antiretroviral drugs [14]. HIV-infected cells
in the nervous system produce viral proteins such as
Tat and Nef, resulting in chronic low-level inflamma-
tion. And this inflammation persists even when antiret-
roviral drugs are administered [15, 16]. The first known
longitudinal study of patients with HIV aged 50 years
and older found that taking ART and regular check-ups
cannot prevent the development of HAND [17].

A number of studies have found that the evolution
of HIV-1 into the CNS parallels the evolution of the
virus remaining outside the CNS [18-20]. For exam-
ple, the env gene proteins of strains from CSF acquire
specific forms that interact with CD4 and the N-termi-
nus of CCR5 in tandem, allowing more efficient virus
entry into macrophages located in the CNS that express
low amounts of CD4 [21]. Genetic differences between
HIV-1 populations isolated from plasma and CSF are
present in other genes such as tat, nef, and pol [22-24].
Mutations associated with drug resistance can occur in
both plasma and CSF strains, and in certain cases drug
resistance mutations may be present in CSF strains and
absent in plasma strains of patients [25].

The replication-capable HIV reservoir represents
a genetically restricted and generally "younger" subset
of the overall pool [26]. The stability of the HIV ge-
nome is closely related to the structural features of HIV
reverse transcriptase, which, by making errors in HIV
DNA synthesis, is the cause of mutations [27].

HIV-1 reverse transcriptase is an asymmetric het-
erodimer consisting of p51 (440 amino acids long) and
p66 (560 amino acids long) subunits. Each subunit con-
tains subdomains such as fingers (amino acids 1-85,
118-155), palm (amino acids 86—117, 156-236), thumb
(amino acids 237-318), and a connecting subdomain
(amino acids 319—446). The p66 subunit also includes
a subdomain connecting it to RNase H (amino acids
427-560). The catalytically active center is formed by
amino acids 110, 185, and 186. These two subunits
have different spatial organization, and only the p66
subunit is catalytically active, while p51 plays only a
structural role [28].

The study of differences in the three-dimensional
structure of protease and reverse transcriptase of HIV
strains separated by the BBB is of interest to reveal the
direction of adaptive changes of the virus associated
with the presence in a certain compartment.

Materials and methods

Between January 2018 and March 2022, 38
HIV-infected patients from the Chelyabinsk region
with neurocognitive disorders and severe immunodefi-
ciency were examined.

The patients' age averaged 39 years (mean square
deviation o = 7, Shapiro—Wilk coefficient W =0.917 at
p =0.008). Among the subjects, 20 were men (52.63%;
95% confidence interval (CI) 37.3—67.5) and 18 were
women (47.37%, 95% CI 32.5-62.7). All patients were
in stage 4B HIV infection. The study was conducted
with the informed consent of the patients. The study
was approved by the local Ethics Committee of the
Federal Scientific Research Institute of Viral Infections
"Virome" (protocol No. 2, May 26, 2022) and by the
local Ethics Committee of the Yekaterinburg Research
Institute of Viral Infections (protocol No. 3, June 17,
2016).

CD4-cell counts were measured using a BD FACS-
Canto II flow cytometer and BD Tritest CD4/CD8/CD3
reagent kit (Becton Dickinson). Viral load level was
determined using the AmpliSense HIV-Monitor-FRT
reagent kit (CRIE Rospotrebnadzor), sequencing —
using the AmpliSense HIV-Resist-Seq reagent kit
(CRIE Rospotrebnadzor). Electrophoregrams were
processed and consensus sequences were obtained us-
ing Deona 1.7.0 software (RMBit Company).

A total of 57 nucleotide sequences of the pol
HIV-1 gene were obtained, including paired samples
from blood plasma and CSF from 19 patients, HIV
RNA in sufficient quantity for sequencing was isolated
either from blood plasma or CSF of 19 other patients.
All nucleotide sequences have been deposited in the
international GenBank database (Accession numbers:
OR260480-OR260536).

With respect to the nucleotide sequences under
study, we searched for the closest related HIV ge-
nomes using the NCBI BLAST service [29]. A data
set comprising HIV genomes with 95% or higher se-
quence similarity to the original sequences was formed
(n = 2929). Multiple alignment was performed us-
ing the ClustalOmega algorithm on the EMBL online
service [30]. Subtyping, detection of drug resistance
mutations and other mutations were performed using
the Stanford University HIV drug resistance database
(HIVdb Program: Mutations Analysis, program version
3.4.3; algorithm version 9.4) [31].

For phylogenetic analysis, the selection of the
most appropriate nucleotide substitution model for the
available data was performed using the FindModel
online service [32]. Phylogenetic trees were construc-
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ted using the maximum likelihood method with the
GTR+G (General Time Reversible + gamma) nucleo-
tide substitution model using the "MEGA X" software
[33]. 500 bootstrap replications were used as a measure
of statistical support.

For phylogenetic analysis of paired genome sam-
ples of HIV strains isolated from blood plasma and
CSF of 19 patients, HIV genomes representing dif-
ferent subtypes were added as a reference sequences:
A6 (EU861977, KU749403, KT983615, JX500694),
B (JX500708) and CRF63 02A6 (JN230353). The
above strains are the reference strains for subtypes and
circulating recombinant HIV strains according to Los
Alamos HIV databases [34].

Statistical processing of data was carried out using
the Statistica v. 12 software product (StatSoft Russia).
Confidence intervals were calculated using Wilson's
method for the level of type 1 error 0.05 [35]. Nonpara-
metric statistics criteria (y%, Fisher's exact test, Mann—
Whitney test) were used to confirm statistically signif-
icant difference.

Three-dimensional models of viral proteins (prote-
ase and reverse transcriptase) were obtained by homol-
ogy construction method. For the protease, the crystal
structure model of HIV-1 protease, subtype A (PDB
ID: 3ixo0) was used. This model was chosen because it
had the highest similarity to our amino acid sequences
among HIV-1 protease models that were not associated
with inhibitors and did not have drug resistance muta-
tions, and it also belonged to the closest subtype A.

For reverse transcriptase, the pS1 subunit model
of HIV-1 reverse transcriptase (PDB ID: 3kjv) and the
HIV-1 reverse transcriptase/RNase H model (PDB ID:
4icl) were used. These models have the highest primary
structure similarity to our sequences among models that
are not in complex with inhibitors and have no drug
resistance mutations.

Three-dimensional protein models were built
and their structures were compared using the SWISS-
MODEL online service [36, 37].

Results and discussion

Based on patient history, the duration of HIV in-
fection from diagnosis to hospitalization was found
to be 81 months on average (c = 64; W = 0.924;
p = 0.01). The majority of patients, 30 of 38 (79.0%;
95% CI 63.7-88.9), had no history of ART, and the
remainder were on therapy for a median of up to 29
months (interquartile range (IQR) 9-35 months), but
with low adherence, self-interrupting prescribed cours-
es of treatment. Given that all patients were hospital-
ized at stage 4B of HIV, their infection occurred long
before diagnosis. Thus, it was the long-term course of
HIV infection without ART that caused CNS damage.

Among the patients studied (n = 38), the most
common brain lesions were meningoencephalitis and
encephalitis associated with opportunistic infections

ORIGINAL RESEARCHES

and tuberculosis, 20 out of 38 cases (52.6%; 95% CI
37.3-67.5), among which encephalitis of toxoplasma
etiology predominated, 10 out of 20 cases (50.0%; 95%
CI129.9-70.1). HIV encephalitis was identified in 18 of
38 cases (47.4%; 95% CI 32.5-62.7; Figure 1).

In this study, the groups of patients with brain le-
sions caused by opportunistic infections and the group
of patients with HIV encephalitis had no statistically
significant differences in terms of ART experience, sex,
age and other indicators, which is possibly due to the
small sample size. Previous studies have shown that
the spectrum of neurological disorders in patients with
HIV infection depends significantly on the availability
of therapy and its timely initiation. In countries where
ART is widely available, neurological symptoms in pa-
tients with HIV infection are often due to HIV enceph-
alitis. On the other hand, in developing countries where
access to HIV treatment still needs to be improved,
neurological deterioration is often associated with op-
portunistic CNS infections such as toxoplasmosis and
cryptococcosis [38].

Low CD4 count and high viral load are key factors
determining the development of HIV encephalitis [39].
The level of HIV viral load in plasma was at a median
of 4.67 (ICI 4.19-5.40) Ig copies/mL and was statisti-
cally significantly higher than that in CSF, at a median
of 3.87 (ICI 2.73-4.66) 1g copies/mL, by 0.8 1g, or 6.27
times (U =442; z =2.904; p = 0.004).

The CD4-lymphocyte content in plasma was at a
median of 41.0 (ICI 21.3-66.5) Ig copies/mL, with no
correlation with the level of viral load (Fig. 2).

The higher HIV viral load in CSF compared to
plasma is quite common among patients not on effec-
tive ART and among ART-naive patients, which was
also shown in a cross-sectional multicenter study con-
ducted in large European cities between 1982 and 2017
[40]. In this study, the difference in viral load level was
1.0 Ig copies/mL, and there was a correlation between
these values in plasma and CSF. In our study, there was
a weak direct correlation between HIV viral load levels
in plasma and CSF: Spearman coefficient R = 0.38,
p=0.019.

Among 57 genotyped samples from 38 patients,
54 representatives of subtype A6 were identified
(94.7%; 95% CI 85.6-98.2), 2 samples from 1 patient
contained recombinant strain CRF63 02A6 (3.5%;
95% CI 1.0-11.9) and 1 strain isolated from plasma
contained subtype B (1.8%; 95% CI 0.3-9.3), whereas
a strain isolated from the same patient's CSF belonged
to HIV-1 subtype A6.

To determine the phylogenetic position of the
studied strains, HIV genomes with 95% or higher si-
milarity were found in each of the 57 sequences using
the NCBI BLAST service. After excluding repetitive
records, synthetic sequences, and records in which the
country of origin of the strain could not be determined,
2872 nucleotide sequences remained, with a median
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Cytomegalovirus
encephalitis
3%

Meningoencephalitis
of tuberculous /
etiology

8%

Cryptococcal
meningoencephalitis
16%

identity of 95.97% (ICI 95.52-96.51%). Together with
the studied samples, the genotypic structure was repre-
sented by 2508 strains of subtype A6 (85.5%; 95% CI
84.1-86.7), 397 CRF63 02A6 (13.8%; 95% CI 12.6—
15.1), 14 subtype B (0.5%; 95% CI 0.3-0.8), and 7
CRF02_A6G (0.2%; 95% CI 0.1-0.5) among the 2929
strains analyzed.

Phylogenetic analysis of 2929 HIV-1 pol gene
fragments encoding a protease and part of a reverse
transcriptase was performed by maximum likelihood
analysis using the GTR+G nucleotide substitution mo-
del and 500 bootstrap replications. As a result, 26 clus-
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Fig. 1. Structure of brain lesions
among the examined patients.

ters were formed, 11 of which included 57 HIV strains
isolated from the studied patients (Fig. 3).

Strains from patients in the study sample were in-
cluded in 11 clusters. Among strains from patients from
near abroad countries, strains circulating in Ukraine
and Kyrgyzstan (6 out of 11 clusters each), Belarus,
Tajikistan, Kazakhstan, Armenia (5 out of 11 clusters),
and Poland and Germany (5 out of 11 clusters) were
the most frequently found in clusters with the samples
under study.

Among the 57 HIV strains isolated from patients
in the study sample, 11 (19.3%; 95% CI 11.1-31.3)

cerebrospinal fluid

blood plasma

450
300
150

Fig. 2. HIV viral load in blood plasma and cerebrospinal fluid and an amount of CD4 cells among
the examined patients (n = 38).

The dotted line indicates the median.
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formed a separate cluster #3, where they accounted for
73.3% (95% CI 48-89.1). These strains were isolated
from 8 patients, including 6 women and 1 man from
Chelyabinsk and 1 woman from the city of Satka, Che-
lyabinsk region. Of the 8 patients, only 2 were infected
by intravenous drug use, and the rest were sexually in-
fected.

Most related strains originated from Russia
(75.4%; 95% CI 73.8-76.9). Their proportion varied
from cluster to cluster from 24% (cluster #23) to 100%
(cluster #15). Strains originating from foreign countries
were of greatest interest.

The largest cluster on the phylogenetic tree, clus-
ter #13, containing 873 HIV genomes (29.8%; 95%
CI 28.2-31.5), contained 16 strains from patients in
the study group, as well as strains from patients of 19
foreign countries. The highest proportions of the 208
HIV strains from foreign countries in this cluster were
strains circulating in Kyrgyzstan (29.3%), Belarus
(23.6%), and Tajikistan (12.0%).

Phylogenetic analysis of paired samples from
blood plasma and CSF from 19 patients with referenc-
es of subtype A6, subtype B and CRF63 02A6 showed
that in 5 patients, sequences from plasma and CSF fell
into different clusters and in one of them, HIV strains
belonged to different subtypes: subtype B in plas-
ma (ID159, AN: OR260493), and subtype A6 in CSF
(ID160, AN: OR260494) (Fig. 4).

Of the 5 patients with genetic heterogeneity of
HIV genomes from different compartments, 4 were
people who inject drugs (PWID). It should be noted
that minimal differences in the genome of HIV strains
from CSF and plasma were observed in the patient who
was not a PWID. On a phylogenetic tree with 2929 HIV
genomes, strains from these patients also appeared in
different clusters. Significant differences in the genome

] Subtype B
I CRF63_02A6, CRF02_AG
[ | Subtype A6
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of HIV persisting on different sides of the BBB may
indirectly indicate superinfection of the patient, with a
later-infected strain isolated from blood plasma.

To analyze amino acid substitutions and the tertia-
ry structure of HIV protease and reverse transcriptase,
strains were selected from paired samples from 13 pa-
tients out of 19. Five patients with high strain hetero-
geneity and suspected superinfection and one patient
with identical amino acid composition of protease and
reverse transcriptase in plasma and CSF strains were
excluded from the comparison.

Comparative analysis of the detected amino acid
substitutions in protease and reverse transcriptase of
strains from plasma and CSF of 13 patients allowed us
to identify independently arisen mutations that were
formed and fixed in the process of microevolution of
HIV strains separated by the BBB. Taking into account
the extremely severe condition of the patients, in certain
cases the maximum possible changes in the genome
could be observed, which had time to occur during the
course of HIV infection in one person without ART.

In the protease of HIV strains isolated from plas-
ma, only 5 out of 13 samples showed amino acid sub-
stitutions that occurred independently (present only in
strains from one compartment and, therefore, not in-
herited by a strain persisting in the CNS) from strains
isolated from CSF, with the number of amino acid sub-
stitutions ranging from 1 to 3. In the strains isolated
from CSF, independent amino acid substitutions were
also observed in 5 of the 13 samples, and the number of
amino acid substitutions ranged from 1 to 2.

In reverse transcriptase strains isolated from
plasma, amino acid substitutions that occurred inde-
pendently of strains isolated from CSF were detected
in 10 of 13 samples, with the number of amino acid
substitutions ranging from 1 to 6. In 12 samples from

Number | . Number of . Other Foreign
of cluster 5’3:;}22:;%7; |sollgtesssgom isolates
1 1 6 8
2 4 399 10
3 1 3 1
4 4 14 0
5 110 43
8 317 31
1 2 50 4
13 16 649 208
16 1 1 4
22 2 3
26 2 241 218

Fig. 3. Maxim-likehood phylogenetic tree derived from 2929 HIV-1 pol gene (fragment encoding viral protease and part
of reverse transcriptase) sequences which had 95% or more identity with studied ones.
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Fig. 4. Phylogenetic tree of 38 HIV-1 pol gene sequences from 19 patients obtained in pairs from blood plasma and CSF.

Ovals of the same color indicate paired samples that have fallen into different clusters. Red branches and clusters contain HIV-1
subtype A6 sequences.

Fig. 5. Difference in the tertiary structure of HIV-1 reverse transcriptase p51 subunit between strains from blood plasma
and from CSF.
Amino acid positions 16—20 are framed. Strain from blood plasma is shown in cyan, from CSF — in light brown. Amino acid position 18
is highlighted in red.
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CSF, the number of independently occurring amino ac-
id substitutions ranged from 2 to 7.

Comparison of the tertiary structure of proteins
based on a model of the p51 subunit of HIV reverse
transcriptase revealed 2 highly co-variable regions with
differences between strains from plasma and those from
CSF. In strains from plasma and CSF of 5 patients, the
HIV-1 reverse transcriptase structures matched com-
pletely.

In strains from plasma and from CSF from the
other 5 patients, differences in the reverse transcriptase
structure were present at amino acid positions 16-20,
which corresponds to the beginning of the fingers sub-
domain (Fig. 5).

At the end of the palm subdomain at positions
210-235, there also appeared to be a variable region
where differences between strains of both plasma and
CSF were detected in 8 pairs of images, including
5 pairs that exhibited a difference in structure at posi-
tions 16-20 (Fig. 6).

ORIGINAL RESEARCHES

Other studies have observed that a site in the re-
gion of amino acid positions 219-230, which forms a
disordered loop in the p51 subunit of HIV-1 reverse
transcriptase, plays an important role in the dimeriza-
tion process of the 2 subunits of the enzyme [41].

When comparing the tertiary structure of the p66
subunit of HIV-1 reverse transcriptase in 10 out of 14
patients, the structures of the enzyme in plasma and
CSF strains coincided completely, while in another
3 patients there were regular repeated differences in
amino acid positions 187—190 (immediately after cata-
lytically active positions 185, 186) (Fig. 7).

This region is included in the binding site of
NNRTIs to the enzyme [42].

As aresult of even single amino acid substitutions
in the microevolution process, the tertiary structure of
reverse transcriptase changed, adapting to specific con-
ditions of functioning. Such adaptation occurred inde-
pendently in different compartments separated by the
BBB. At the same time, only those amino acid substi-

Loy we
%

Fig. 6. Difference in the tertiary structure of HIV-1 reverse transcriptase p51 subunit between strains from blood plasma
and from CSF.

Amino acid positions 210-235 are framed. Strain from blood plasma is shown in cyan, from CSF — in light brown.
Amino acid position 220 is highlighted in red.
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Fig. 7. Difference in the tertiary structure of HIV-1 reverse transcriptase p66 subunit between strains from blood plasma
and from CSF.

Amino acid positions 187—-190 are framed. Strain from blood plasma is shown in cyan, from CSF — in light brown.
Amino acid position 187 is highlighted in red.

Amino acid substitutions, associated with HIV-1 reverse transcriptase (RT) tertiary structure alterations in strains from CSF
and blood plasma

. . T~ Differences in the Differences in the Differences in the
Patient | Accession Locus r:Ig::\r)g t?) c:_c:xsé’gite'tf:tr'g;ge tertiary structure of tertiary structure of tertiary structure of
ID number sequence RT p51 subunit in RT p51 subunit in RT p66 subunit in
q positions 16—20 positions 210-235 positions 187-190
OR260486 Blood plasma T69S, Q242K
p8 + +
OR260531 CSF E6D, K20E, E28K
OR260523 Blood plasma T39D
p11 + +
OR260482 CSF T39N
OR260512 Blood plasma _
p26 + +
OR260533 CSF E28K, K64R
OR260521 Blood plasma K11A, T39K, V60I
p27 + +
OR260480 CSF K11T, E36D, T39E, K64R
OR260516 Blood plasma _
p53 +
OR260535 CSF K64R, A158S
OR260517 Blood plasma V35K, T39K, 147M
p59 + +
OR260528 CSF T39R, K64R, D67N, T200A
OR260507 Blood plasma E40D, D86N, L214F
p95 + + +
OR260508 CSF _
OR260509 Blood plasma V35T, T39M, S162H
p96 +
OR260510 CSF V351, T39K, V60I, S162Y
OR260513 Blood plasma V35K, F116Y
p46 +

OR260534 CSF T27P, V35T, S162C, D177N
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tutions that are most optimal for the functioning envi-
ronment of each HIV strain became fixed. Analysis of
amino acid substitutions in the p51 and p66 subunits of
reverse transcriptase demonstrated their relationship to
differences in tertiary structure (Table).

The tertiary structure of the p51 subunit of HIV-1
reverse transcriptase turned out to be the most vari-
able, with at least 2 evolutionary events related to
amino acid substitutions, 1 in each strain, required for
the emergence of conformational differences between
proteins from blood plasma and CSF strains. The p51
subunit is catalytically inactive and plays only a struc-
tural role in the reverse transcription complex. Simi-
lar amino acid substitutions in the p66 subunit of the
reverse transcriptase, which does have catalytic func-
tions, did not result in changes in the tertiary structure.
In 3 cases, differences in the tertiary structure of the
p66 subunit were present but were minimal and cov-
ered a region 3 amino acids in length. Differences in
the tertiary structure of the p66 reverse transcriptase
subunit were associated with at least 3 evolutionary
events in one of the strains or with 5 events in strains
from CSF and plasma.

Conclusion

A statistically significant weak correlation be-
tween the HIV viral load level in plasma and CSF was
revealed. The HIV viral load in blood plasma exceeded
the values in CSF by 0.8 Ig, or 6.3 times.

Phylogenetic analysis of the pol HIV-1 gene
fragment encoding protease and part of reverse tran-
scriptase demonstrates a high degree of heteroge-
neity, with part of the genome clustering with closely
related strains circulating both in the near abroad
countries of Ukraine and Kyrgyzstan, and in Central
Europe: Poland and Germany. This may indicate a high
frequency of HIV infections entering the region from
abroad.

ORIGINAL RESEARCHES

Comparison of HIV-1 pol gene regions (encod-
ing protease and part of reverse transcriptase) between
strains from blood plasma and from CSF revealed sig-
nificant genetic distances between HIV-1 genomes in
strains from 5 patients (in 1 case strains belonged to
different subtypes — A6 in plasma and B in CSF).

The number of independent amino acid substitu-
tions in the site encoding the viral protease ranged from
1 to 3 in plasma strains and from 1 to 2 in CSF strains.
The number of amino acid substitutions in the site en-
coding the HIV-1 reverse transcriptase fragment ranged
from 1 to 6 in blood plasma strains and from 1 to 7 in
CSF strains.

Highly co-variable regions in the structure of the
p51 subunit of HIV-1 reverse transcriptase were found
at amino acid positions 16-20 and 210-235. In 5 pa-
tients, the structure of the enzyme in strains from blood
plasma and CSF differed in both positions, and in 4 pa-
tients — only in positions 210-235. In 3 patients, the
tertiary structure of the p66 subunit of HIV-1 reverse
transcriptase differed in amino acid positions 187-190.
This region is part of the NNRTI binding site. A much
greater difference in the tertiary structure was observed
in the p51 subunit, which is known to have no catalytic
activity but plays an important structural role in the for-
mation of the reverse transcription complex.

No differences were observed in the tertiary struc-
ture of the viral protease between strains from plasma
and those from CSF. Amino acid substitutions in HIV-1
reverse transcriptase that lead to changes in the tertiary
structure of one subunit will not necessarily result in
changes in the other.

The described observations confirm the pres-
ence of a virus microevolution process, manifested
by changes in both primary and tertiary structures
of HIV-1 reverse transcriptase, proceeding in parallel
and independently in the organism of one patient in dif-
ferent compartments separated by the BBB.
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Abstract

Introduction. The relevance of the study is due to the need to assess the real expansion of West Nile fever
(WNF) in Russia, analyze the manifestations of epizootic and epidemic processes and study the population
structure of West Nile virus (WNV).

Aim. To obtain objective data on the intensity of WNV circulation in certain territories of Russia and study the
properties of the isolated strains of the pathogen.

Materials and methods. 4564 samples of field material from 23 subjects of the Russian Federation and
1547 samples of clinical material from 12 subjects of the Russian Federation were examined. A set of laboratory
diagnostic methods was used: ELISA, RT-PCR, virological, sequencing.

Results. In 20 out of 1331 (1.5%) examined febrile patients, IgM antibodies to WNV were detected, including
positive cases identified for the first time in the Karachay-Cherkess Republic, Tver and Vladimir regions. The
presence of immunity to WNV was found on average in 8.6% of 11 federal subjects' population with high
seroprevalence rates in Zaporozhye (24,5%), Tula (15,4%) and Kursk (11,1%) regions. Low-avidity IgG antibodies
were detected in 44 (33,1%) samples from a population of 9 federal subjects. Intensive circulation of WNV lineage
2 in the epizootic cycle in the southern part of European Russia was confirmed. 12 WNV isolates were obtained,
including those isolated for the first time in the Republic of Crimea, the Karachay-Cherkess Republic and the
Stavropol Territory. The heterogeneity of circulating WNF causative agent's strains related to the two clades of
the WNYV lineage 2 formed in 2021 and 2022 was established.

Conclusions. In the course of comprehensive monitoring studies, a new northern border of the WNF range was
established, which as of 2022 passes through the territory of the Tver region. Data from seroepidemiological
studies, including the detection of low-avidity IgG antibodies, confirm fairly intense, but undiagnosed contact of
the population of the European part of Russia with the WNF pathogen. In the southern region of the European
part of Russia, WNV genotype 2 predominantly circulates, belonging to at least two clades formed in 2021 and
2022.

Keywords: West Nile fever, pathogen monitoring, immunity, the properties of West Nile virus strains
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OpuirnHanbHoe nccnefoBaHne
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N3yueHune oco6eHHOCTEN LIMPKYNALNA U CBOMNCTB
Bupyca 3anagHoro Huna B Poccun B 2022 roay

Tonopkos A.B., MytnHuesa E.B., YaoBnueHko C.K.*, bopogaii H.B.,
MonuaHosa E.B., boHgapesa O.C., AHToHOB A.C.

Bonrorpagckuii HayuHo-MccnegoBaTeNbCKUN NPOTUBOYYMHBIN MHCTUTYT PocnoTpebHaa3opa, Bonrorpag, Poccua

AHHOMauus

AkTyanbHocTb paboTbl 0bycrnoBrieHa HeOoOXOAMMOCTBIO OLEHKM peanibHOro PacnpoCTPaHEHWUst FTMXOPaAKM
3anagHoro Huna (JI3H) B Poccun, aHanusa annM3o0TUYECKOro 1 3anMaeMMYEcKoro NpoLEeccoB 1 U3yYeHns nony-
NAUMOHHOM CTPYKTYpbl BUpyca 3anagHoro Huna (B3H).

Llenb — nonyunts o6bekTMBHbIE AaHHble 06 MHTEHCMBHOCTM LUmMpKynaumn B3H Ha oTgenbHbIX TeppuTopusix
Poccumn n nsyumnTb reHeTnyeckoe pasHoobpasue n CBOMCTBA BblAENEHHbIX LWTaMMoB BO30OyauTens.

Martepuanbl u metogbl. ViccnegosaHo 4564 npoObl nonesoro matepuana 3 23 cyobektoB Poccuiickon de-
aepauun n 1547 npo6 knmMHU4eckoro matepuana us 12 cyooektoB Poccuiickon ®egepauumn. Vicnonb3oBaH KoM-
nneKkc MeTodoB NabopaTopHOWN ANarHOCTUKN: MMMYHOMEPMEHTHBIN aHanu3, monMmepasHas LenHas peakumsi ¢
0o6paTHON TPHCKPULIMEN, BUPYCOIOTMYECKNIA, CEKBEHUPOBAHNE.

Pesynbratbl. Y 20 (1,5%) 13 1331 obcnenoBaHHOro nuxopaasilero nauuneHTta BoisiBrneHsl IgM k B3H, B Tom
yncne BrnepBble B KapavaeBo-Yepkecckon Pecnybnuvke, Teepckon u Bnagumupckon obnactsx. Hanuuve nm-
MyHHoI npocronkun k B3H yctaHoBneHo B cpegHeM y 8,6% HaceneHus 11 cyObekTOB C BbICOKMMMW 3HA4YEHUAMMA
ceponpeBarneHTHoCcTM B 3anopoxckoi (24,5%), Tynbckon (15,4%) n Kypckoii (11,1%) obnactsix. HuskoaBuaHble
IgG-aHTuTENa BbiIsBNeHb! B 44 (2,8%) npobax y HaceneHus 9 cybbekTos. MNoaTeepxaeHa MHTEHCMBHASA LMPKYNs-
unsa B3H 2-ro reHoTnna B aNnM300TUYECKOM LMKIE Ha tore eBponenckon yactn Poccun. BeigeneHbl 12 nsonatos
B3H, B Tom uncne Bnepsble B Pecnybnuke Kpbim, Kapayaeso-Yepkecckoii Pecnybnuke n CTaBpononbCckoMm kpae,
n3y4eHbl NaToreHHble CBOWCTBA BMpYca AnsA 6ecnopofHbix 6enbix Mbillel ¢ onpegeneHnemM MHKy6aLnoHHoro ne-
puoaa sabonesaHus, paccunTada J1[ . YcTaHOBIeHa HeOAHOPOAHOCTb LIMPKYIIMPYIOLLIMX LUTaMMOB BO3ByanTens
JI3H, otHOCAWMXCA K ABYM knagam B3H 2-ro reHotuna, cdhopmuposBaHHbiv B 2021 1 2022 rr.

BbiBoabl. B xoae KOMMMEKCHBIX MOHUTOPUHIOBBLIX NCCNEeA0BaHNI yCTaHOBIIEHa HOBas CeBepHas rpaHvua ape-
ana J13H, kotopas no coctosHuMio Ha 2022 r. npoxoauT Ha Tepputopun TBepckon obnactu. [aHHble cepoanu-
[EeMUONOrMYecknx NccrneaoBaHunii, B TOM Yncne ¢ obHapyxeHueM Hu3koaBuaHblx IgG-aHTUTEN, noaTBepxaaT
[OCTaTOYHO MHTEHCMBHBIN, HO HE ANarHOCTUPOBAHHBIN KOHTaKT HaceneHus esponenckon Yactm Poccun ¢ Bo3by-
autenem JI3H. B 10)kHOM permoHe eBponeickon 4yactu Poccmm npenmyLlectBeHHO umpkynupyeT B3H 2 reHoTuna,
OTHOCALLMIACA KaK MUHUMYM K 2 Knagam, cdopmmupoBaHHbiv B 2021 1 2022 rr.

KnroueBble cnoBa: siuxopadka 3anadHoz2o Huna, MoHumopuHz 3a 803bydumesieM, UMMYHHasi rpocriolka,
wmammebl supyca 3anadHoeo Huna

Amu4eckoe ymeepxdeHue. VlccneqoaHve npoBoAMnock Npy A06poBONLHOM MHPOPMMPOBAHHOM COrnacuy nauu-
eHToB. [MpoTokon nccnenoBaHns ofobpeH komuccuent no uoatnke ®KY3 «Bonrorpagckuii Hay4yHo-uccnegosaTernb-
CKWUI NPOTUBOYYMHbIN MHCTUTYT» PocnoTpebHaasopa (npotokon Ne 3 ot 25.04.2022).

BnazodapHocms. Bbipaxaem bnarogapHOCTb pyKOBOAUTENSIM M COTPyAHUKaM YnpasneHuin PocnoTpebHaasopa no
cybbektam Poccuiickon Pepepaumm, LieHTpoB rurveHsl 1 anvaemuonorun B cybbektax Poccuiickon ®egepauun,
Hay4HO-MCCrefoBaTenbCKMX U MPOTUBOYYMHbIX yYpexaeHun PocnoTpebHaasopa 3a opraHu3aumio n yyactune B cbope
maTepuana Ans uccrnefoBaHus.

HUcmoyHuk puHaHcupoeaHusi. ABTOPbI 3asiBNAIOT 06 OTCYTCTBUM BHELLUHETO (PMHAHCUPOBAHMS NPy NPOBEAEHUMN UC-
cnepoBaHus.

KoHgbnukm uHmepecos. ABTOPbI AeKNapypyoT OTCYTCTBUE SIBHbIX U NMOTEHLUMAnNbHbIX KOHMUKTOB MHTEPECOB, CBS-
3aHHbIX C Nybnukaunen HacTosLLEeNn CTaTbu.

Ana yumupoeaHus: Tonopkos A.B., NytuHuesa E.B., Yoosuyerko C.K., Bopogai H.B., MonyaHoBa E.B., BoHpape-
Ba O.C., AHToHOB A.C. N3y4yeHne ocobeHHOCTEN LMpKynaumMm n CBOMCTB Bupyca 3anagHoro Huna B Poccun B 2022 ro-
ay. KypHan mukpobuornoeuu, anudemuonoauu u ummyHobuonoauu. 2024;101(1):114—126.
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Introduction

The wide territorial distribution of West Nile fe-
ver (WNF) in Russia, annual registration of disease ca-
ses, including epidemic outbreaks, detection of severe
forms and fatal outcomes determine the necessity for
constant and systematic epidemiological surveillance
of this infection [1, 2]. However, the significant reduc-
tion in the volume and quality of monitoring studies
of WNF pathogen in Russia observed in recent years
makes it difficult to conduct an objective analysis of
WNF symptoms and to develop a forecast of the epi-
demiological situation. Thus, the number of examined
patients with WNF-like symptoms in 2020 and 2021
decreased by 5.7 and 4.2 times relative to the figures for
2019, and the volumes of zoological and entomological
study material decreased by 2.1 and 1.5 times, respec-
tively. During the same period, WNF pathogen markers
were detected by practical institutions of Rospotreb-
nadzor only in 3 and 7 subjects of Russia [3].

Given the above, one of the key objectives of the
Reference Center on WNF pathogen monitoring is to
conduct active reconnaissance monitoring of WNF,
which allows obtaining reliable information on the in-
tensity of epizootic and epidemic processes. Our stud-
ies conducted in 2020-2021 against the background of
a low level of officially registered WNF incidence in
Russia (10 and 6 times lower than the average annual
value, respectively) confirmed the ongoing intensive
contact with the pathogen among the population of the
Republics of Kalmykia, Crimea, Adygea, Krasnodar
Territory, Volgograd and Astrakhan regions [3].

There is a serious problem of establishing the
range of WNF in Russia, which is justified by the con-
firmation of local cases of West Nile Virus (WNV)
infection only in 26 federal subjects, while in most of
the country (48 federal subjects) only fragmentary data
have been obtained, indicating signs of immunity to the
WNYV among the population and/or detection of mark-
ers of the pathogen in zoological and entomological
material. As of 2022, the circulation of WNV has not
been confirmed in the territory of 11 federal subjects.

The study of the population structure and distribu-
tion of various genetic lines of WNYV in Russia remains
arelevant area of research. It is known that the circula-
tion of WNV genotypes 1, 2 and 4 has been confirmed
in Russia [1, 4]. A study of the genome structure of the
WNF pathogen circulating in the early 2000s in the
south of the European part of the country, the south
of Western Siberia, and the Far East demonstrated the
predominance of WNV genotype la [5-7]. Subse-
quently, circulation of WNV of two epidemically sig-
nificant genotypes — 1a and 2 with the predominance of
the latter, and genotype 4 in the southern regions was
demonstrated in a number of territories of the European
part of Russia [4, 7]. Nowadays, due to a decrease in the
volume of WNF pathogen monitoring studies, there are
only limited data on the circulation of WNV genotype 2.

ORIGINAL RESEARCHES

At the same time, the discovery in 2021 of the WNV
genotype 2 variant, which has never been found
in Russia before [3], determines the necessity to
strengthen the WNF pathogen monitoring system to
obtain information on the properties of circulating
strains, to assess their impact on the clinical picture
of the disease and specific features of the epidemic
process, and to understand the probable ways of virus
entry and spread.

The aim of the study is to obtain objective data
on the intensity of WNV circulation in certain territo-
ries of Russia and study the genetic diversity and pro-
perties of isolated strains of the pathogen.

Materials and methods

Active monitoring of the WNF pathogen in the
2022 season was conducted in 23 federal subjects of
Russia by the Volgograd Anti-Plague Scientific Re-
search Institute of Rospotrebnadzor in cooperation with
specialists from the Center for Hygiene and Epidemio-
logy, research and anti-plague institutions of Rospo-
trebnadzor. Collection of blood-sucking arthropods,
capture of small mammals and birds, preparation of
samples for examination were carried out in accor-
dance with Sanitary rules and regulations 3.3686-21,
MG 3.1.3.2600-10 and MR 3.1.0211-20. Arthropods
were pooled by species, date and place of collection:
mosquitoes — from 2 to 30 specimens, ticks — from 1
to 7 specimens.

Blood samples were collected in 11 federal sub-
jects of the Russian Federation in July—August 2022
from febrile patients undergoing outpatient or inpatient
treatment for diseases unrelated to WNF (acute respi-
ratory viral infections, COVID-19, somatic diseases,
etc.). In the Zaporozhye region, blood serum samples
of donors received from the Melitopol Regional Blood
Center in October 2022 were used. The study was con-
ducted with voluntary informed consent of patients. The
study protocol was approved by the Bioethics Commis-
sion of the Volgograd Anti-Plague Scientific Research
Institute (protocol No. 3 of 25.04.2022).

Laboratory tests were conducted at the Volgograd
Anti-Plague Scientific Research Institute, except for
material from the Zaporozhye region and the Republic
of Crimea, which was examined in the laboratory of
the mobile complex of the Specialized Anti-Epidemic
Brigade of Rospotrebnadzor. A total of 1,547 samples
of clinical material and 4,564 samples of field materi-
al (3,181 samples of mosquitoes of 28 species, 1 sam-
ple of blood-sucking midges of 1 species, 2 samples
of blood-sucking flies of 1 species, 1,373 samples of
ixodes ticks of 15 species, 10 samples of argas ticks
of 1 species, 283 samples of bird brain of 29 species,
325 samples of small mammal organs of 14 species)
were examined.

Screening of biological material samples for
the presence of WNV RNA was performed using the
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AmpliSens WNV-FL reagent kit (Central Research
Institute of Epidemiology of Rospotrebnadzor), WNV
typing — Ampligen-WNV-genotype-1/2/4 (Volgograd
Anti-Plague Scientific Research Institute).

The VectoNil-IgG and VectoNil-IgM (Vec-
tor-Best) commercial kits were used for detection of
IgM and IgG antibodies to WNV in sera. In samples
positive for the presence of IgG antibodies, the avidity
index was determined using the VectoNil-IgG-avidity
kit (Vector-Best). In cases of detection of IgM and/or
IgG antibodies to WNV in serum samples from persons
living in areas endemic for viral tick-borne encephalitis,
paired quantitative studies of antibodies to WNV and
tick-borne encephalitis virus (TBEV) were performed.
Determination of antibodies to TBEV was performed
using VectoTBEV-IgM and VectoTBEV-IgG reagent
kits (Vector-Best). In cases of a significant excess of se-
rum antibodies to WNV compared to TBEV or absence
of antibodies to TBEV, a decision was made in favor of
the specificity of the detected antibodies to WNV.

The sources of information on the number of re-
gistered WNF cases were statistical surveillance forms
No. 2 "Information on Infectious and Parasitic Diseas-
es" in the Russian Federation for 2009—2022. Informa-
tion on the level of immunity to WNV among the pop-
ulation of the surveyed territories was the reported data
submitted by the Rospotrebnadzor offices in the sub-
jects of the Russian Federation to the Reference Center,
and materials of scientific publications.

Virus isolation was performed according to the
classical protocol by infecting a monolayer of Vero cell
line with the supernatant of biological material sam-
ples in which WNV RNA was detected [8]. To achieve
sufficient infectious activity, each isolate was passaged
three times on the Vero cell line culture. The study of
pathogenic properties was carried out in relation to 22
WNV strains isolated from 2018 to 2022 from samples
of field material and stored in the working collection of
the Volgograd Research Anti-Plague Institute of Rospo-
trebnadzor (Table 1). In order to study the pathogenic
properties of these strains, mongrel white mice were
injected intramuscularly with 100 pl of ten times-pas-
saged virus-containing material. The animals were
monitored and their deaths were recorded for 21 days
after infection. The LD, was calculated using Kerber's
formula modified by Ashmarin. Statistical processing
of the data was performed using the Mann—Whitney
criterion.

Total RNA was isolated from the inactivated fil-
tered supernatant of the Vero cell line using the RNeasy
Mini Kit, RNeasy Mini Spin Columns kit (Qiagen).
Preparation of libraries for sequencing was performed
according to the method proposed by L.A. Moser
et al. [9]. Sequencing was performed on the Illumi-
na MiSeq platform (Illumina corp.) using the MiSeq
Reagent Kit v3 (600 cycle) (Illumina corp.). Sequenc-
es were assembled de novo and to the reference ge-

nome of WNV (GenBank accs. NC 001563.2) using
Cutadapt 2.9, Samtools 1.9, Bcftools 1.9, bwa 0.7.17-
r1188 and SPAdes v3.15.1 software products, combined
into pipelines using custom scripts implemented in Py-
thon 3 language. Nucleotide sequences of the complete
genomes of WNV isolates with a potential glycolysis
site identified at position N1433 of the NS2B protein
were deposited in the international GenBank database
(https://www.ncbi.nlm.nih.gov/genbank) under regis-
tration numbers OP345101, OP345085, OP345086,

OP345087, OP345088, OP345089, OP345090,
OP345091, OP345092, OP345093, OP345094,
OP345098, OP345099, OP345100, OR159869,
0Q214888, ORI159871, ORI159873, 0Q214890,
OR159872, 0Q214891.

Results

When examining 1331 blood serum samples from
febrile patients, IgM antibodies to WNV were detect-
ed in 20 (1.5%) cases (Table 2). Based on the clinical
picture of the disease and the results of laboratory exa-
mination, all patients whose sera contained IgM antibo-
dies to WNYV, indicating the acute phase of the infectious
process, were diagnosed with WNF by medical specia-
lists. WNV RNA was not detected in the tested samples.

In the Karachay-Cherkess Republic, Vladimir and
Tver regions, local cases of WNF were registered for
the first time, which allows us to speak about the estab-
lished expansion of the area of this infection.

Studies conducted by the Reference Center spe-
cialists confirmed human WNV infection in the Tam-
bov region (Table 2), where the first local case of WNF
was detected by specialists of a medical organization in
April 2022.

In the rest of the Russian regions, the incidence
was officially registered earlier. Manifestations of WNF
had an outbreak character only in the Lipetsk Region
(2012 — 35 patients) with subsequent registration of
sporadic cases in 2013 (4), 2015, 2017, 2021 (1 each),
2016 (3), 2019 (6) [10]. In Ulyanovsk Region until
2022, WNF cases were detected in 2009 (1 patient),
2012 (4); in Belgorod Region — in 2012 (5), 2013 (2),
2014 (1); in Kursk Region — in 2012 (1) and 2019 (4);
in Tula Region — in 2021 (1); in Samara — in 2012—
2014 (9 each), 2015 (4), 2016-2017 (3 each), 2019 (2);
in Zaporozhye — in 2009 (11), 2011 (5), 2012 (10),
2018 (8), 2019 (4); in Stavropol Territory — in 2012
(2), 2018 (2), and 2019 (4) [11].

The presence of immunity to WNV was found in
an average of 8.6% of the population living in the terri-
tory of 11 subjects (Table 2). The data obtained indicate
the continued contact of the population with the WNF
pathogen and the necessity to strengthen epidemiologic
surveillance activities.

When comparing the results of our studies with
the average level of immunity to WNV among the pop-
ulation of the surveyed subjects for 2009—2022, similar
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Table 1. West Nile virus strains from the collection of the Volgograd Anti-Plague Scientific Research Institute,

used in the study

Strain name
No. collection of the Volgograd Department of collectio.n of microorggnisms, S:(I)eucr’::ign Location of vector/host
Plague Control Research | State Research Center of Virology and Biotechnology
Institute VECTOR
1 Volg601/18 V-959 Culex modestus Volgograd Region
2 Volg696/18 V-960 Culex pipiens Volgograd Region
3 Volg723/18 V-961 Culex pipiens Volgograd Region
4 Volg774/18 - Culex spp. Volgograd Region
5 Volg829/18 V-962 Culex pipiens Volgograd Region
6 Volg840/21 V-1203 Culex pipiens Volgograd Region
7 Voronezh796/21 — Culex pipiens Voronezh Region
8 Volg701/21 V-1202 Culex pipiens Volgograd Region
9 Astrahan962/21 - Culex modestus Astrakhan Region
10 Rostov 362/21 - Corvus frugilegus Rostov Region
11 Krim221/22 - Culex pipiens Republic of Crimea
12 Krim233/22 - Culex pipiens Republic of Crimea
13 Krim245/22 - Culex pipiens Republic of Crimea
14 Kimk499/22 - Culex pipiens Republic of Kalmykia
15 Kimk 502/22 - Culex pipiens Republic of Kalmykia
16 Volg 565/22 - Culex pipiens Volgograd Region
17 KCHR755/22 - Culex modestus Karacgzgﬁ‘igrkess
18 Volg 912/22 - Culex pipiens Volgograd Region
19 Volg 911/22 V-1388 Culex modestus Volgograd Region
20 Stavropol1516/22 - Culex pipiens Stavropol Territory
21 Stavropol1451/22 V-1389 Culex pipiens Stavropol Territory
22 Astrahan1031 /22 - Culex pipiens Astrakhan Region

seroprevalence rates were found in Stavropol Territo-
ry (5.9%), Belgorod (8.1%), Lipetsk (3%), Ulyanovsk
(2.9%), and Samara (3.9%) regions. A noteworthy re-
sult is the high percentage of positive findings for IgG
antibodies to WNV in Tula (15.4%) and Kursk (11.1%)
regions, where only a few WNF patients have been ob-
served. As for the Tver Region, the presence of antibod-
ies to WNV in the local population during routine moni-
toring was detected once in 2014 (1.3%), in the Tambov
Region — in 2012 (2.6%), in the Vladimir Region — in
2016 (3%). There were no official reported data on the
immunity to WNV among the population of the Kara-
chay-Cherkess Republic and Zaporozhye Region.

In the samples positive for IgG antibodies, avidity
was assessed in order to determine the age of contact
with the pathogen. It was found that 44 blood serum
samples from the population of 9 subjects contained

low-avid IgG antibodies, indicating infection with
WNV in the previous 2—3 months.

Circulation of WNV in the epizootic cycle in 2022
in the south of European Russia was confirmed in all
the surveyed territories, except for the Republic of Ady-
gea (Table 3). A high proportion of positive findings
among blood-sucking mosquitoes was found in Stav-
ropol Territory (8.2%), Volgograd Region (5.9%) and
Karachay-Cherkess Republic (3.8%), which indicated a
significant epidemiologic risk for the population there.

In the oldest WNF focus, Astrakhan Region, while
the percentage of PCR-positive samples of bloodsuck-
ing mosquitoes was low (0.3%), a high proportion of
positive findings (3.2%) was found in samples of ixodid
ticks. The detection rate of WNV among ixodid ticks
of H. marginatum species taken from cattle was 16%
(4 out of 25 samples).
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Table 2. The total results of serosurvey for the antibodies to WNV in certain territories of European part of Russia

Detection of antibodies to WNV
No. Name of the constituent entity Nsl;Tnt;ﬁ(ra:f IgM I9G low avidity IgG

n % n % n %
1 Karachay-Cherkess Republic 105 1 0,9 6 57 0 0
2 Tula Region 104 0 0 16 15,4 4 3,8
3 Ulyanovsk Region 146 2 1,4 5 3,4 2 1,4
4 Tver Region 100 7 7,0 3 3,0 1 1
5 Samara Region 101 0 0 6 6,0 1 1
6 Tambov Region 108 4 3,7 1 0,9 0 0
7 Kursk Region 117 2 1,7 13 11,1 6 5,1
8 Stavropol Territory 239 3 1,3 12 5,0 5 2,1
9 Vladimir Region 54 1 1,8 0 0 0 0
10 Belgorod Region 154 0 0 13 8,4 1 0,6
1" Lipetsk Region 103 0 0 5 4,9 1 1
12 Zaporozhye Region 216 - - 53 24,5 23 10,6
Total 1547 20 15 133 8,6 44 2,8

Note. The dash means no studies have been conducted.

In the Volgograd Region, the detection of WNV
markers in mosquitoes in 2022 was comparable to the
indicators of previous years. However, for the first time
in the long-term period of the Reference Center studies,
78.6% of all positive findings in the Volgograd Region
were in Ae. vexans and Ae. caspius mosquitoes collect-
ed in late June, which confirmed the active epizootic
process and was considered by us as a harbinger of pos-
sible epidemiological ill health.

The detection rate of WNV markers of blood-suck-
ing mosquitoes in 2022 in the Republic of Kalmykia
amounted to 2.3%. With signs of epizootic process
activity almost annually observed in this territory, the
disease incidence has not been officially registered here
since 2013. The species composition of mosquitoes
as potential vectors of WNV in the Republic of Kal-
mykia remains poorly studied. In 2022, based on the
results of the entomological survey by the Reference
Center specialists, the species composition of mosqui-
toes was supplemented with Anopheles algeriensis and
Cogq. richardii species.

In the Republic of Adygea in 2022, the infesta-
tion of carriers and vectors with WNV has not been
determined. Unlike other subjects of southern Russia,
where high numbers of Cx. pipiens species mosquitoes
are maintained due to the presence of water reserves in
artificial tanks on household plots, in Adygeya, due to
the high level of moisture, such breeding sites are prac-

tically absent. One of the competent vectors of WNYV,
Cx. modestus, was not detected here either. However,
in the Republic of Adygea we detected Ae. koreicus
species mosquitoes (Maykop), the presence of which
in this area is not described in available publications.

In the Republic of Crimea, the proportion of mos-
quito samples positive for WNV RNA was 2%, while in
urbanized habitats this indicator was significantly high-
er, reaching 4.1%. The majority of positive findings
were made by Ae. caspius species mosquitoes, which
was the common eudominant species in urbanized and
suburban biotopes. All findings in 2022 were detect-
ed in vector samples captured in the north of Crimea
(Krasnoperekopsk district), where WNYV circulation
had not been previously established.

Among the subjects of the center of European
Russia and Western Siberia, markers of WNF pathogen
in zoological and entomological material were detected
only in the territory of the Tula Region (Table 3).

Summarizing the data of field studies using
the molecular genetic method, we note that in vector
samples, WNV RNA was detected predominantly in
low concentrations. In 43 (79.6%) of 54 samples, the
threshold cycle (Ct) value exceeded 28 and indicated
the prevalence of relatively low viral load among in-
fected mosquitoes and ticks. High concentrations of
WNV RNA (Ct values: 8.98; 10.2; 14.55; 15.55; 15.77)
were detected only in 5 vector samples (4 samples of
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Table 3. The volumes and results of laboratory tests for WNV RNA presence in entomological material

Mosquitoes Knewwuwm | Ticks
No Name of the constituent
’ entity number | number of positive structure of positive pools number number of structure of
of pools pools, % P P of pools | positive pools, % | positive pools
12 — Aedes vexans,

10 — Ae. caspius, 1 — Hvalomma

1 Volgograd Region 474 28 (5,9) 1 — Anopheles hyrcanus, 372 1(0,3) mar };natum
2 — Culex modestus, g
3 — Cx. pipiens
. - 4 —
2 Astrakhan Region 338 1(0,3) 1 — Cx. pipiens 124 4 (3,2) H. marginatum
3 Rostov Region 27 1(3,7) 1 — Ae. caspius 21 1(4,8) 1— Ixodes
ricinus

4 Zaporozhye Region 203 6 (3) 6 — Cx. pipiens 192 0

9 — Ae. caspius,
5 Republic of Crimea 693 14 (2) 4 — Cx. modestus, - - -

1 — Cx. pipiens
6 Republic of Kalmykia 174 4 (2,3) 4 — Cx. pipiens 95 0 -
7 Republic of Adygea 91 0 57 0 -
8 Karachay-Ch_erkess 78 3(3,8) 2 —Cx. modgstus, 7 0 _

Republic 1 — Cx. pipiens
9 Stavropol Territory 110 9(8,2) 9 — Cx. pipiens 99 0 -
10 Belgorod Region 18 0 - 0 0 =
1 Kursk Region 166 0 - 59 0 -
12 Lipetsk Region 315 0 - 61 =
13 Tambov Region 20 0 - 11 0 -
14 Tver Region 11 0 - 23 0 -
15 Tula Region 142 1(0.7) 1 — Coquilletticia 5 0 -
richiardii
16 Vladimir Region 40 0 - 57 0 -
17 Samara Region 171 0 - 36 0 -
18 Ulyanovsk Region 110 0 - 0 0 -
19 Kemerovo Region 0 0 - 16 0 -
20 Novosibirsk Region 0 0 - 36 0 -
21 Omsk region 0 0 - 12 0 -
Khanty-Mansi

ee Autonomous District 2 Y B e v -
23 Tyumen region 0 0 - 72 0 -
Total 3181 67 - 1383 6 -

Cx. pipiens and 1 sample of H. marginatum).
According to the results of typing of positive sam-
ples, the isolated RNA fragments of WNV were found
to belong to genotype 2 in 27 (50%) out of 54 samples:
in samples of Cx. pipiens mosquitoes caught in the Re-
public of Kalmykia, Astrakhan Region and Stavropol
Territory; Cx. pipiens, An. hyrcanus, Cx. modestus,
Ae. vexans, Ae. caspius mosquitoes in the Volgograd

Region; Ae. caspius mosquitoes and 1. ricinus ticks in
the Rostov Region. Genotypes 1 and 4 of WNV were
not identified in the samples

Genotyping of samples in which the concentration
of WNV RNA was below the limit of detection of the
Ampligen-WNV-genotype-1/2/4 reagent kit (1 x 10*
copies/mL) was difficult. In samples with a Ct value
> 30, genotyping was possible in 6 (21.4%) of 28
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samples, Ct = 28-30 — 66.7%, while in samples with
Ct values < 28 — in 100% of the samples tested.

Given the low concentration of the pathogen in the
native material, in order to obtain isolates of WNV and
study their biological and molecular genetic proper-
ties, the virus was accumulated in cell culture. In 2022,
12 WNV isolates were obtained: 3 from the Republic
of Crimea, 2 from the Republic of Kalmykia, 1 from
the Karachay-Cherkess Republic, 3 from the Volgograd
Region, 1 from the Astrakhan Region, and 2 from the
Stavropol Territory.

For the strains of WNV isolated in 2022, we have
established the features of the course of infection in
mongrel white mice with the determination of the in-
cubation period of the disease and calculated the LD, .
As a result of infection of laboratory mice, regardless
of the used strain of WPN isolated in 2022, the animals
developed only influenza-like form of the disease and
showed the following symptoms: wet fur, adynamia,
chills, drowsiness. In contrast, 20% of mice infected
with the strains isolated in 2018 and 2021 developed
the disease with signs of nervous system damage in the
form of monoplegia and serous meningitis [12].

Animal mortality was observed on average from
day 10 to day 14, which, when compared with the da-
ta obtained for the strains isolated in 2018 and 2021
(day 3-14 and day 6-14, respectively), suggests a
trend towards longer incubation periods. The mean
LD, of the strains isolated in 2022 was 10*-10° BOU,
while the LD, of the strains isolated in 2018 and 2021
was 10°-10* BOU. Lethality for the strains isolated
in 2022 averaged 22% and was statistically signifi-
cantly different from that of the strains isolated in
2018 (60%) and 2021 (40%) at a significance level of
p = 0.05. However, when infected with strains from
the Astrakhan Region and Stavropol Territory, lethali-

N138 N1293

ty amounted to 57% and was comparable to previous-
ly isolated strains.

Comparative analysis of the full-genome sequen-
ces of 12 isolates of WNV showed that 2 of them, iso-
lated in the territory of the Republic of Kalmykia and
Stavropol Territory in 2022, form a new distinct clade.
The topology of the phylogenetic tree indicates a pos-
sible African origin of WNV. This genetic variant was
probably introduced into Russia by migratory birds.
The remaining 10 isolates belonged to the virus clade
formed in 2021 by isolates isolated in Volgograd, As-
trakhan, Rostov, Voronezh regions and the Republic of
Dagestan. It is noteworthy that in 2022, simultaneous
circulation of isolates of both the clade of WNV geno-
type 2, formed in 2021, and isolates of a new genetic
variant was detected in the territory of the Republic of
Kalmykia and Stavropol Territory.

We analyzed 44 amino acid complete coding se-
quences of WNYV isolates isolated in 2018-2022 in
Russia and performed a comparative analysis with the
genotype 2 reference NC_001563, as well as with iso-
lates circulating in Europe. We have identified a num-
ber of glycosylation sites that are common to WNV
isolates circulating in Russia and European countries. It
is known that glycosylation sites play a key role in the
interaction of the virus with host cells and they are the
so-called hot spots in the adaptive variability of WNV.
Also, a potential glycosylation site at position N1433
of the NS2B protein was identified for the first time in a
number of isolates isolated in 2021 and 2022 in Russia
(Figure). Interestingly, this mutation is absent both in
the genotype 2 reference and in isolates from European
countries. The study did not show that isolates possess-
ing this glycosylation site are confined to specific ter-
ritories or to currently known genetic variants of geno-

N16‘33 N19‘70

5'UTR

type 2 of WNV.
I J'UTR

1 |
N2577 N2763

T
N444 N1433
1. Volgogiad Reb VLG 07 H |V SGKSTDUWI ERT/JDMMWE SDAE | TGSSERVDVRLDDDG 21 Astrakhan 962/21 SGKSTONWIERTANITWESDAE DVRLDDDG
2. Volgograd 601/18 SGKSTDMWI ERTADITWESDAE  TGSSERVDVRLDDDG 22 Voronezh 794121 SGKSTDMWIERTAN | TWESDAE DVRLDDDG
3. Volgograd 829/18 SGKSTDMW I ERTADITWE SDAE | TGSSERVDVRLDDDG 23. Volgograd 843/21 SGKSTDMWIERTANITWESDAE DVRLDDDG
4. Volgograd 627/18 SGKSTDMW I ERTADMNWE SDAE | TGSSERVDVRLDDDG 24. Volgograd 840/21 SGKSTDMWIERTANITWESDAE DVRLDDDG
5. Volgograd 662118 SGKSTDMW I ERTADUIWE SDAE | TGSSERVDVRLDDDG 25. Volgograd 839/21 SGKSTDMWIERTANIETWE SDAE DVRLDDDG
6. Volgograd 592/18 SGKSTDMW I ERTADITIWE SDAE | TGSSERVDVRLDDDG 263V oigoorad 632121 SGKSTDMWIERTAREEEFE SDAE DVRLDDDG
7. Violgograd 594/18 SGKSTDMW I ERTADUTWE SDAE | TGSSERVDVRLDDDG ZiAVolgoaadis 0] SGKSTOMWIERTARuF S0 AE DMRLDDDS
8. Volgograd 623/18 SGKSTDMWIERTADUTWE SDAE  TGSSERVDVRLDDDG P Ve il el SGKSTOMWIERTAREEEF SOAE ODVRLDDDS
9. Volgograd 625/18 SGKSTDMW I ERTADITWE SDAE | TGSSERVDVRLDDDG O SSKSTD WIERTAREEEY® SO AE bR nnni
10. Volgograd 439/21 SGKSTDMW I ERTADITIWE SDAE | TGSSERVDVRLDDDG z?x:szs::;gfﬁ: 2;&§¥B tv EZ; z 1%523 E B E ggg;
11. Volgograd 437121 SGKSTDUWI ERTADITWESDAE  TGSSERVDVRLDDDG & oo G coxstomwicnT AN - c Py
12. Volgograd 72121 SGKSTDMWI ERTADUTWE SDAE  TGSSERVDVRLDDDG S R soksTomwierTANEEEE soAr BVRLDDDBG
13. Volgograd 312120 SCKSTDUWI ERTADITWESDAE  TGSSERVDVRLDDDG 4. Dagestan 767721 soksTomwiERTANMEE soAc bUR. DDDG
14. Rostor 297/20 SGKSTDMWI ERTADUTWE SDAE  TGSSERVDVRLDDDG 35, Ralmiria 498022 scksTomwiERTATEEEE soAc OVRLDDDG
15. Volgograd 120120 SGKSTDMWIERTADITWESDAE  TGSSERVDVRLDDDG = emn e soksToOMWIERTANEEEE soAe DVRLDDDG
L5 Mgl Sl SGKSTDI'w ERT (UG~ SD-F TGSSER.D R.DDDG 37. Karachay-Cherkessia 755/22 SGKSTDMWIERTANITWESDAE DVRLDDDG
17. Volgograd 5/20 SGKSTDMWIERTADITWE SDAE  TGSSERVDVRLDDDG 38, Stavwopol 1616/22 SGKSTDMWIERTAN | TWESDAE DVRLDDDG
18. Kalmikia 502/22 SGKSTDUWI ERTADUTWE SDAE  TGSSERVDVRLDDDG 39, Volgograd 1031122 SGKSTDMWIERTAN | TWESDAE DVRLDDDG
19. Volgograd 81019 SGKSTDMWIERTADITWE SDAE I TGSSERVDVRLDDDG 40 Volgograd 911/22 SGKSTDMWIERTAN | TWESDAE DVRLDDDG
20. Stavropol 1451/22 SGKSTDUWI ERTADITWESDAE [ TGSSERVDVRLDDDG 41, Volgograd 912/22 SGKSTDMWIERTANITWESDAE DVRLDDDG

Results of the analysis of glycosylation sites of WNV genetic variants circulating in Russia.

Glycosylation sites identified using NetNGlyc-1.0 are indicated by coordinates on the map of the WNV genome. The green color indicates
the glycosylation site in a number of isolates identified in the period from 2021 to 2022. The NS2B protein sequence of isolates lacking this
glycosylation site is highlighted in purple.
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Discussion

Laboratory-confirmed cases of WNF in the Tver
and Vladimir regions are the first evidence of local
transmission of WNV in these territories. It cannot be
excluded that cases of the disease among the popula-
tion here could have occurred earlier but were not diag-
nosed by medical specialists, since only a few patients
have been tested for WNF markers in these subjects.
Our assumption can be supported by the data on immu-
nity to WNF among residents of the Vladimir Region
(3% 1in 2015), as well as the confirmation in 2021 of
autochthonous cases in the Moscow Region [13]. In the
Tver Region, negative results were obtained according
to the data from previous serological and epidemiolo-
gical studies (2013) [14].

In the territory of the Karachay-Cherkess Repub-
lic, WNV circulation has not been established until
2022, which is probably due to the lack of compre-
hensive monitoring of the WNF pathogen. At the same
time, the incidence, including outbreaks, has been con-
firmed in the neighboring territories — Krasnodar and
Stavropol. Summarizing our data on local case detec-
tion, vectors infected with WNV and immunity among
the population, the territory of the Karachay-Cherkess
Republic was proved to be endemic for WNF.

The failure to detect WNV RNA in clinical sam-
ples is likely to be due to the fact that the material was
collected for testing late in the course of the disease,
when the concentration of the virus in the blood de-
creases sharply. According to the data submitted to the
Reference Center by the Rospotrebnadzor offices in
the constituent entities of the Russian Federation, the
average period of sampling from the onset of clinical
symptoms was 6 days, and the maximum was 14 days.
The short duration of viremia can be inferred from the
course of the disease, which in 85% of patients was
mild and characterized by short-term fever.

The values of seroprevalence to WNV obtained
by the Reference Center in the Ulyanovsk, Lipetsk,
Belgorod, Samara, and Stavropol regions are generally
comparable to the values detected during routine sero-
logical monitoring. In Kursk Region, the level of im-
munity to WNV was significantly higher than the indi-
cators established in 2017-2021 during serologic mon-
itoring by Rospotrebnadzor institutions (0.5-1.3%).
A similar pattern was noted for the Tula Region,
where negative results were obtained in serosurveys
performed among healthy population in certain years.
However, according to scientific publications, the eti-
ologic role of WNV was confirmed here in 4 febrile
patients hospitalized in medical organizations of Tula
back in the summer of 2012, and IgG antibodies were
detected in 1.5% of those examined [15]. Thus, the
seroprevalence of the population of these territories
established by us can characterize the high degree and
frequency of their contact with the WNF pathogen in
the season of 2022.

ORIGINAL RESEARCHES

It is interesting to note that the level of population
immunity to WNV in the Zaporozhye Region was com-
parable to the indicators obtained in the territories of
Russia with high epidemic danger, such as Volgograd,
Rostov, Astrakhan regions. So far, data on the spread
of WNF in Zaporozhye Region have been limited. In
available sources there are reports on sporadic cases
disease, and there is no information about the immunity
of the population to the WNF pathogen in the modern
period.

The intensity of the epizootic process in almost all
the surveyed territories in the south of European Russia
did not correspond to the number of officially registered
cases of the disease, which did not exceed 1-3 WNF
patients per subject. Apparently, this observation may
be associated with a decrease in the efficiency of de-
tection of WNF patients by specialists of medical orga-
nizations. The total number of patients with symptoms
similar to WNF in 2022 in the territories of the south
of European Russia amounted to 542 people, which is
2.8 times lower than the annual average (1,516 people).
At the same time, in certain federal subjects of south-
ern Russia (Stavropol Territory, Karachay-Cherkess
Republic) in 2022, medical specialists did not actively
identify WNF patients.

The high proportion of PCR-positive samples
among H. marginatum ixodid ticks in the territory
of the Astrakhan Region in our study and the data of
scientific publications on WNV infestation of 2.6% of
H. marginatum collected from cattle in the middle delta
of the Volga River, as well as detection of WNV RNA in
hungry imago collected in early spring, allow us to con-
clude about their significant participation in the epizootic
process and preservation of the pathogen during the in-
ter-epizootic period [16]. The role of this tick species
in the epidemic process has not been studied, and this
seems to be an actual direction of scientific research.

The high proportion of positive findings among
mosquitoes of the genus Aedes indicates their import-
ant role not only in the course of the epizootic process
of WNF, but also, possibly, in the infection of human
WNV. However, to understand the epidemiological
significance of mosquitoes of the Aedes genus or other
genera, comprehensive studies are needed to investigate
their vector competence, as well as the relationship be-
tween the dynamics of vector abundance and the mor-
bidity of the population during the transmission season.

The detection of the Asian Ae. koreicus species in
Adygea fits into the general trend of expansion of the
range of this vector species observed in recent years in
southern Russia. The presence of Ae. koreicus was es-
tablished in 2013 and 2018 in Krasnodar Territory, in
2018 — in the Republic of Crimea [17, 18]. The vec-
tor competence of this species with respect to WNV in
Russia has not been investigated.

Low detectability of WNV markers in the study of
zoological and entomological material collected in cen-
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tral Russia could probably be associated with a complex
of factors affecting its volume and quality (unfavorable
climatic conditions at the time of material collection,
choice of biotopes, conditions of collection, storage and
transportation of material, etc.). At the same time, the
results of the examination of feverish patients presen-
ted above testify to the intensive circulation of WNV in
the central part of Russia and contact of the population
with it.

The lack of positive findings in field samples from
Western Siberia is also due to the insufficient volume
for the detection of WNV markers, which averaged
33 samples fromonesubject. In2021, withasignificant-
ly larger volume of material examined (135 samples
from the Omsk Region), WNV RNA was detected in
1 sample of Cogq. richiardiimosquitoes and 2 samples of
1. persulcatus ticks. Data on the circulation of WNV
in Western Siberia are limited to the Omsk, Novo-
sibirsk, Tomsk regions, Krasnoyarsk and Altai Ter-
ritories [19, 20]. For an objective assessment of the
WNF situation in Western Siberia, it is necessary to
conduct targeted studies that will provide up-to-date
information on the fauna of potential participants in
the enzootic cycle of WNV and the activity of WNF
foci in these territories.

As a result of the study of pathogenicity of WNV
strains isolated in 2022, when infecting white mice
with them, the majority of mice showed an increase
in the incubation period of the disease and a decrease

in lethality compared to the data obtained for strains
isolated in other years. Strains from the Astrakhan Re-
gion and Stavropol Territory were an exception, being
highly virulent for laboratory animals and characterized
by a lethality rate of 57%. Similar studies conducted
with strains isolated in Australia, the USA, Canada,
and Europe also noted the fact of circulation of WNV
strains that differed significantly in virulence and neu-
roinvasive properties [21, 22].

The heterogeneity of WNV strains in terms of
pathogenicity is due to their genetic diversity and is a
consequence of adaptation to the change of hosts and
vectors in the enzootic cycle, in which the virus repli-
cates in cells of evolutionarily distant species.

Conclusions

1. In the course of comprehensive monitoring
studies, a new northern border of the WNF range was
established, which as of 2022 passes through the terri-
tory of the Tver region.

2. Data from seroepidemiological studies, includ-
ing the detection of low-avidity IgG antibodies, con-
firm fairly intense, but undiagnosed contact of the pop-
ulation of the European part of Russia with the WNF
pathogen.

3. In the southern region of the European part of
Russia, WNV genotype 2 predominantly circulates, be-
longing to at least two clades formed in 2021 and 2022.
respectively.
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OPUTMHANBHbBIE UCCNEANOBAHUA

OpuirnHanbHoe nccnefoBaHne
https://doi.org/10.36233/0372-9311-456

HaHoKoMno3uTbl, cocToALLME N3 HAHOYACTUL, ANOKCMAA TUTAHA,
aHTUCMbICNIOBbIX OJINFOHYK/1IeOTUAOB U GOTOAKTUBMPYEMbIX rpyn,
KaK areHTbl AnA 3¢ $peKTUBHOro BO3AeNCTBUA Ha HYK/IeMHOBbIe
KNCNOTDI

JNleBuHa A.C.", PenkoBa M.H.!, Ma3ypkos O.10.2, MakapeBuu E.B.?,
MasypkoBa H.A.%, 3apbitoBa B.®.™

MIHCTUTYT XMu4yeckor uonorum n dbyHaameHTanbHoM MeguumnHbl, HoBocnbupck, Poccus;
ZTocypapCTBEHHDBIV HAYYHbIN LLeHTp BUpYycosiornn 1 buotexHonorun «Bektop», KonbLioBo, HoBocmbrpckas obnactb,
Poccuna

AHHOMauyus

AkTyanbHOCTb. ViccneqoBaHua Ha MOAENbHBIX CUCTEMAX NOATBEPANIN 3PDEKTUBHOCTb aHTUCMBICIOBBIX OfK-
FOHYKNeoTMAoB, B TOM YMChe cofepxalmnx doToakTBMpyeMble rpynnbl, AN MOANMUKALMN HYKNEeNHOBBIX KMC-
not (HK), ogHako aTa cTpaTerys noka He Halna LWMPOKOro NPMMEHEHNsT U3-3a OTCYTCTBUS YCMELUHbIX METOA0B
poctasku B knetkn. CosgaHne achbdeKkTUBHBIX NpenapaTos, CnocobHbIX Bo3aencTBoBaTh Ha HK-MulieHn B kneT-
Kax, SIBMSETCS aKTyanbHOW 3agaqen.

LUenb paboTbl — cosfaHne HaHOKOMMO3MTOB, COCTOSLLMX M3 HaHovacTuy, TiO,, oNUroHyKNeoTUaoBs 1 oToaKTU-
BMPYeMbIX Ipynmn, 1 nccriefoBaHne ux sosgenctemsa Ha HK-muweHn Ha npumepe nHrmbrnposaHusa pennukauum
BMpyca rpunna A B KNeTO4YHOW cucTeme.

Matepuanbl n metoabl. B pabote ucnonssoanu Bupyc rpunna A/Aichi/2/68 (A/H3N2), N-CyKUMHUMUOHBIN
a¢up n-asmporeTpacTopbeHsoriHon knucnotbl, TiO,-HaHoYacTuLpbl (aHatas) U onMrodesoKCUpUBOHYKNeoTuabI.
[MpOTMBOBMPYCHYO aKTUBHOCTb CO3AAHHBIX HAHOKOMMO3UTOB UccneaoBanu Ha knetkax MDCK, 3apaxéHHbIX Bu-
pycom A/H3N2.

PesynbraTtbl M obcyxaeHune. CosfaHbl yHUKarNbHbIE HAHOKOMMO3UTbI, COCTOSALLME U3 TPeX PYHKLUUOHAMbHbLIX
KOMMOHEHTOB: HaHo4acTul TiO,, onMroHyKneoTaos 1 oToakTUBUpyemol TeTpadTropapunasuaorpynnel, obe-
CneyvyrBaloLLMX, COOTBETCTBEHHO, MPOHUKHOBEHME B KMETKW, CENeKTMBHOEe B3aumoaencTtaue ¢ HK-muweHamm un
hoTomoandukaumio 3TUX MuweHen. NMpoaeMoHCTPUPOBaH 3HAYNTENbHBIN NPOTUBOBUPYCHBLIN canT-cneundnye-
CKuIn achbdpeKT NpeanoxXeHHbIX HAHOKOMMO3MTOB B OTHOLLEHWM BUpYca rpunna A B KNETOYHOW cucTeme, KOTopbIn
npesbiaeT ahdeKT aHaNOrMyHbIX NpenapaToB, He coaepXaLumx OTOaKTUBNPYEMYIO IPYMNMUPOBKY.
3akntoyeHue. NNpoaemoHCTprpoBaHa bruonornyeckas akTMBHOCTb CO3aHHbIX HAGHOKOMMO3WUTOB Ha NpUMepe Bbl-
COKO3(hheKTMBHOIO NOAABIIEHNS pennmKaumm Bupyca rpynna A B KNeTo4HoN cucteme. [NonyyeHHble pesynsrartbl
yKa3blBaloOT Ha NePCNeKTMBHOCTb MCMOMNb30BaHNSA MPEAOXEHHbIX NpenapaToB Ans Bo3gencTans Ha HK-mMuweHn
BHYTPU KNETOK.

Kniouesble cnoea: TiO -HaHoyacmuubi, HAHOKOMITO3UMbI, O/IU2OHYKIIeomudbl, hoMoaKmueupyemble epyrbi,
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Nanocomposites consisting of titanium dioxide nanoparticles,
antisense oligonucleotides, and photoactive groups
as agents for effective action on nucleic acids

Asya S. Levina', Marina N. Repkova’, Oleg Yu. Mazurkov?, Elena V. Makarevich?,

Natalya A. Mazurkova? Valentina F. Zarytova™

'Institute of Chemical Biology and Fundamental Medicine, Novosibirsk, Russia;
2State Research Center of Virology and Biotechnology “Vector", Koltsovo, Novosibirsk region, Russia

Abstract

Relevance. Studies on model systems have confirmed the effectiveness of antisense oligonucleotides, including
those that contain photoactive groups, for the modification of nucleic acids. However, this strategy has not yet
found wide application due to the lack of successful methods for the cellular delivery. The development of effective
preparations capable of acting on target nucleic acids in cells is an urgent task.

The objective of the work is to create nanocomposites consisting of TiO, nanoparticles, antisense oligonucleotides,
and photoactive groups and to study their effect on target nucleic acids by the example of inhibition of influenza
A virus replication in the cellular system.

Materials and methods. Influenza virus A/Aichi/2/68 (A/H3NZ2), N-succinimide ether of p-azidotetrafluorobenzoic
acid, TiO, nanoparticles, and oligodeoxyribonucleotides have been used in the work. The antiviral activity of the
proposed nanocomposites has been studied on the MDCK cells infected with the A/H3N2 virus.

Results and discussion. Unique nanocomposites have been created, which consistofthree functional components,
i.e., titanium dioxide nanoparticles, antisense oligonucleotides, and the photoactive tetrafluoroarylazide group,
respectively, providing penetration into cells, selective interaction with target nucleic acids, and photomodification
of the targets. A significant antiviral site-specific action of the nanocomposites has been demonstrated against
the influenza A virus in the cellular system, which exceeds the effect of the analogous samples that contain no
photoactive groups.

Conclusion. The biological activity of the created nanocomposites has been demonstrated by the example
of highly effective suppression of influenza A virus replication in the cellular system. The results indicate the

prospects of using the proposed drugs to affect target nucleic acids inside cells.

Keywords: TiO, nanoparticles, nanocomposites, oligonucleotides, photoactive groups, antiviral activity
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BsepeHune

PeaknyoHHocnocoOHble  MPOM3BOAHBIE  OJIU-
ronykineotuioB (ON) MIMPOKO HCHOIB3YIOTCS s
caifT-cenuduueckoii MoaudUKaMKA HYKJIEHHOBBIX
kucnotr (HK). DT1oT mogxon, BepBbie MPeAoKEHHBIM
H.U. I'puneBoit u coasT. [1], oCHOBaH Ha COXpPaHEHHUH
cnocobHoctH ON, HecylmMx XUMHYECKH aKTHUBHBIC
TPy, 00pPa30BBIBaTh KOMILIEMEHTAPHBIC KOMILIEKCHI
¢ HK-muiniensto, uto obecrneunBaet e€ HalpaBJICHHYO
moaudukanmoo. ON urpaer pons aapeca, odecrneunBa-
IOLIET0 KOMIJIEMEHTapHOE CBS3BIBaHUE C (hparMeHTOM
ueneBoii HK. PeaktuBHas rpynmna Moguduuupyer 3TOT

¢parmenT u Onokupyetr ¢ynkuuro HK. B mocnennue
TOJIBI 3Ta CTPATETrHs, TAK Ha3bIBAEMbIH aHTHCMBICIIOBON
MOAXO, MOMyYHiia ITMPOKOE MPU3HAHHUE.

Hns Bo3peiicteus Ha HK mupoko ucmons3yroT-
csi mpousBoanbie ON, cozpepkamue pasiuuHbie ¢o-
TOAKTUBHPYEMBbIE TPYINBl. OTH TPYHNbl CTaOMIbHBI
B (PM3MOJOTUYECKHUX YCIOBHAX M MHEPTHBI B TEMHOTE
U PearupyroT TOJBbKO MPH OOITy4EeHHH, IOITOMY MOX-
HO MHUIMHMPOBATh PEAKIHUIO B JIIOOOH MOMEHT U JIETKO
KOHTPOJIUPOBATH Mporecc Moaudukanuu. Apomarnye-
CKHE a3ubl MPEACTABISIOT 0COOBIN HHTEPEC, TOCKOJIb-
Ky OHHU 00JIaal0T BEICOKUM KBAaHTOBBIM BBIXOJZIOM, T.€.
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He TpeOYIOT BBICOKOH WHTEHCHUBHOCTH W JUIUTEIHLHOTO
BpPEMEHH SKCIO3MLUM JJIsl akTuBanuu. Panee mokasa-
HO, uTo mpousBoanbie ON, Hecyme nepdropapuna-
3UJIHYIO TPYIIY, OKa3aJIuCh BBICOKOI()(PEKTHBHBIMU
pearentamu juist monudukaun HK [2, 3].

HccnenoBanust Ha pa3IMYHBIX MOAEIBHBIX CHCTE-
Max noarsepauin d¢pdexruBHocts ON 11 Moauduka-
uun HK, ognako sTa crparerus moka He Hallla HIMPO-
Koro npuMeHeHus1. OCHOBHBIM IPEISITCTBUEM SBIISICT-
csl OTCYTCTBHE (PQPEKTUBHBIX MeTOAOB AocTaBku ON
U UX PEeaKIMOHHOCHOCOOHBIX TPOU3BOIHBIX B KIIETKH.
JList 3TOM Lesn 4acTo UCHOIb3YHTCS HEOPraHUYECKHE
HaHOYACTHUIBl pa3Iu4HON mpupons! [4, 5]. U3BecTHo,
4TO HaHOYaCTULbI Okcuaa Tutana (TiO,) nponukaror B
kietku [6]. B Hammx mpenpigymmx pabdoTax mokasa-
HO, uTo ON-cozeprkamiye HaHOKOMIIO3UTHI HA OCHOBE
nanoudactul TiO, criocoOHbI IPOHUKATh YEPE3 KIETOU-
Hyt0 MeMOpany [7, 8]. B paborax [9-11] nponemoH-
CTPUPOBAaH NPOTUBOBUPYCHBIH d(P(PEKT HAHOKOMIIO3HU-
TOB Ha OCHOBe HaHodacTul TiO,, HeCyIMX HaTUBHbIE
OJIMTO/IE30KCHPHOOHYKIICOTH IBI, B OTHOLICHUH BHpYyCa
rpumnmna A.

Heabwo naHHO# paboOTHl OBUIO CO3aHWUE HAHO-
KOMIIO3UTOB, cocTosmux u3 Hanodactun TiO, u ON ¢
(OTOAKTUBUPYEMBIMH TPYMIIAMH, U UCCICIOBAHUE UX
Bo3zelictBusi Ha HK-muienn Ha npumepe HHruOupo-
BaHMs PEIUIMKALIUK BUpyca rpunna A B KJICTOYHOH cu-
CTEME.

MaTepman bl 1 MeToAbl

B pabore ucnonbzoBanu kietku MDCK, Bupyc
rpunmna A/Aichi/2/68 (A/H3N2) (THL] Bb «Bektop»);
ON, cunte3supoBanusie Ha JJHK-cunresarope «ASM-
800» («Biossety). N-CyKUMHUMUAHBINA 3QUp M-a3Ua0-
teTpadTopOen3oinol kucaotsl (ArN,-Sulm) nomyuen
o metoxy [12].

Hanouactunpsr TiO, B xpucrammmueckoi (opme
aHarasa Mojy4yajlyd THIPOJIM30M H30IpPOINOKCHIA TUTa-
na Ti(O-iPr), [7, 8].

Hanokomnosutsl mepsoro tuna TiO,/PL-ON c
KOBaJIEHTHOH cBs13bi0 Mex 1y ON u nonunusuaoM (PL)
[OJTy4YaI C MPAKTUYECKU KOJIMUYECTBEHHBIM BBIXOAOM
[8] mpu cMemMBaHMM 3apaHee MOJYyYEHHOTO KOHBIOIa-
ta PL-ON c HaHouyacTuuamu anarasa. Hanoxomnosu-
b1 BTOporo tuna TiO /PL=ON ¢ HOHHOH CBA3bIO MEKILY
ON u PL nomny4amu npu cmemmBanuu ON ¢ TiO -nano-
YacTUIIaMU € 3apaHee IMMOOMIM30BaHHBIM PL ¢ émMko-
cTbto no amuHorpynmnam PL 1 mxmons/mr [8]. Beixox
IpU TONy4YeHHUH OOOMX THUIIOB HAHOKOMIIO3UTOB OBLI
MIPaKTUYECKHU KOIMYECTBEHHBIH; €MKOCTh Mo ON —
20 HMOJIB/MT.

Bce MaHuMynALMy ¢ HAHOYACTUIIAMU U HAHOKOM-
MO3UTaMH MIPOBOAMIM TOCIEe 00pabOTKH YIBTPa3ByKOM
B TeueHue 30 ¢ B yabpTpa3BykoBoi BaHHe («Candupy).
XapaKkTepucTHKa HAaHOKOMIIO3UTOB IPOBEJEHA C HC-
MOJIb30BaHHEM (PUIUKO-XMMHUYIECKHX METOIOB (TIpOCBe-
YHBAOIas 3JIEKTPOHHAS MUKPOCKOINHS BBICOKOTO pa3-

peLIeHUs, CKaHUPYIOIIAsi SIEKTPOHHAS MHKPOCKOIHS,
MaJIOyIJIOBOE PEHTTCHOBCKOE paccesHue) W OmKcaHa
panee [7, 8]. IlokazaHo, 4TO pa3Mep HAHOKOMIIO3UTOB
Ob11 OonibiIe HA ~1 HM pa3Mepa NCXOJHBIX HAHOYACTHII
(~5 HM), 4TO yKa3bIBaJIO Ha 00Pa30BaHUEC KOMILJICKCOB
mexay ¢parmenramu JJHK u Hanowactunamu. Coor-
Homenue gocdara u turana (P/Ti) B HAHOKOMIIO3UTAX
MOKAa3aJl0 XOPOIIYI0 KOPPENSIHI0O MEXKAY pacyETHBI-
MH M SKCIEPHUMEHTAIBHBIMH JaHHBIMU. Vcmomb3ys
panuoakTUBHO U (uryopeclieHTHO MeueHHble ON, Mbl
MOATBEPAWIN WX NPUKPEIUICHWE K HaHOoyacTUIaM M
nokazanu, yto ON B 000HMX THIIaX HAHOKOMIIO3UTOB
COXPaHMJIH CBOIO CIIOCOOHOCTH 00pa30BHIBATH KOMILIE-
MEHTapHbIE KOMIUIEKCHI U MOTYT POHUKATh B 3yKapHO-
THYECKHE KiIeTkH [7, 8, 11].

BBenenne  (oToakTUBHpPYEMOH — apuiIa3HIHOMN
rpynnsl B ON mpoBoauiu no meroay [2] mpu oOpa-
6otke ON, cozpepKamero KOHIEBYI) aMHHOTPYIIILY,
¢ nomompio ArN,-Sulm u nomysann ON*, comepxa-
MMKA  apuiasuIHyl0 TPYIIy, KOTOpPBIH HCIIOIb30Ba-
JqU 178 monydenus HaHokomnos3utos TiO/PL=ON*.
Hanoxomnosutel TiO,/PL*~ON nomy4anma mpu 00-
paborke Hanokomnosuto TiO,/PL-ON ¢ nomomipro
ArN,-Sulm [13].

[IpoTHBOBHPYCHYIO aKTUBHOCTH CO3JAaHHBIX Ha-
HOKOMITO3UTOB HccieaoBain Ha kietkax MDCK, 3apa-
*EHHBIX BUpycoM A/H3N2 [13]. 3apaxéHHbIe BUPYCOM
kietku MDCK, He 00pab0oTaHHbIC HAHOKOMITO3UTAMH,
WCIIOJIb30BAJIM B KAUYECTBE KOHTPOJISL.

Y®-00myuenue 3apaxeHHbIx ki1etok MDCK mpo-
BOJMJIM B MpOLecCe MHKYOAMM C HAHOKOMITO3UTaMHU
nammoi «PL-S 9W/10» (350-400 um, 10 mB/cm?, auc-
taHmA 1 cM; «Philips»).

Pe3synbratbl M 06CyKaeHNe

st co3manHusi HAHOKOMIIO3UTOB HCIIONIB30BAIU
nBe crpareruu [8]. [lepssiit Metoxn (1) cocTouT B Aliek-
TpocTaTHueckoM cBsizbiBaHUK ON C mpeaBapuTeIbHO
MOJITOTOBJICHHBIMU HAHOYACTHUIIAMH, MOKPHITHIMU PL
(TiO,/PL). Bropoii MeTox (2) COCTOMT B MMMOOHIIN3a-
1y PL-conepxaiiux oMro/ie30KCUpuOOHYKICOTH OB
(PL-ON) na TiO,-nano4acTunax.

TiO,/PL + ON — TiO_/PL-ON; (1)
TiO, + PL-ON — TiO,/PL-ON, )

Hnst momydeHus: (pOTOAKTUBHPYEMBIX HaHOKOM-
TIO3UTOB B IIEPBOM ciydyae Ha Hanoyactuuax TiO,/PL
nmmooum3oBasin ON ¢ mpeaBapUTENbHO BBEAEHHOH
(oToakTHBHpYEMOI apuiazuAaHo Tpynmoit [2] u mo-
dydanu Hanokomnosutel TiO,/PL=ON*. Bo Bropom
ciydae nep@ropapuiazuaHyo TPYIIy NPUCOSTUHSITI
K amuHOrpymnmnam PL B chopMupoBaHHOM HaHOKOMIIO-
sute u noiydanu TiO/PL*~ON. Takum o6pasom, mo-
JIy4eHBI JIBa TUIIA HAHOKOMITO3UTOB: C MOHHOM (*) UiIn
KoBaJIeHTHOH (—) cBsi3b10 Mexkay ON u PL, mpuuém ¢do-
TOAaKTUBHpYyeMas rpynmna BBeaeHa 1160 B ON B nepBoM
ciydae, in6o B ocrarok PL Bo BTOpoM ciyuae.
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B kagectBe ON B HaHOKOMIIO3MTax HCIOJb- ODN* mposiBisieT IpUMEPHO Ha MOPSAAOK OOIb-
30BN 21-MepHBIH  OJMIONE30KCUPUOOHYKICOTHI  IIYI0 aKTUBHOCTH IOC]E OONyYeHHs HE3aBHCHUMO OT

5’-GCAAAAGCAGGGTAGATAATCp (ODN), kom-
TUIeMeHTapHbIi 3°-koHneBoi obmactu (—)PHK 5-ro
CerMeHTa BHUpYyca rpurma A, koaupymoiero 6eaok NP,
u 5’-GATCAACTCCATATGCCATGTp (SCR) co cay-
YailHOW MOCJIEN0BATEIILHOCTBIO B KAUECTBE KOHTPOJIS.

B uccnenoBaHusax IpOTUBOBUPYCHOM aKTUBHOCTH
Ha kierkax MDCK, 3apaxénubix Bupycom A/H3N2,
UCIIONIb30BaJII HAHOKOMIIO3UTHl B HETOKCHYHOM ISt
kIeTok KoHueHnrpamuu 100 mxr/mu. MHruOupoBanue
Bupyca B kietkax MDCK Bbipakanu B Buje Jorapug-
Ma MHJeKca nojasnenus npoxyknuu (MIII) Bupyca.
3nauenue log UIII paBHsieTcst pazHocTH j0orapudMoB
TUTpa BUpyca B KIETKAaX B OTCYTCTBUE (KOHTPOJIb) U
B mpucytcTBuu o0pasuoB. Takum obpaszom, log UIIII
03Ha4aeT, Ha CKOJBKO MOPSAKOB MPOMCXOJUT UHTHOU-
poBanue Bupyca; yem Boiie log UIIII, tem Gonee ad-
(heKTUBHO JCHCTBYET UCCISAYEMBIH Mpenapar.

[Ipexne Bcero, cienyer OTMETUTh, YTO HAHOKOM-
MO3HUTHl 00JaAI0T CaNT-CIENUPUUECKUM ACHCTBHEM,
T.€. «KOMIUIEMEHTAapHbIE» HAHOKOMIIO3UTHI, HECYyIHe
ODN, xommiiementapHslii BupycHoir PHK, nposiBistor
CYIIECTBEHHO OOJNBILIYI0 aKTUBHOCTH 10 CPAaBHEHHUIO C
«HEKOMILJIEMEHTapHBIMI» HAHOKOMIIO3UTaMHU, HECY-
IIMMHU CilydaiiHyro nocnenoBarensHocTsh SCR (pucy-
HOK). Pa3nuna cocrapnsier 1,5-2,0 nopsiaka n0 o0y-
YEeHUS, MTOCIIE 00MyUYeHHs 3TOT 3(P(HEKT BRIPAKCH JIaKe
B OOJbIIICH CTETEeHH.

TOTO, B COCTAaBE KAKOr0 HAHOKOMIIO3UTA OH JIOCTaBJIEH
B KJIETKHU (pHCYHOK). Kak u clieoBano oXXuaarh, «KOM-
[JIEMEHTapHbIE» HAHOKOMIIO3UTHI, HE CoOepiKaliue
(hOTOAKTHBHPYEMYIO TPYIILY, HE OTIMYAIOTCS 10 CBOEH
AKTUBHOCTH A0 ¥ mocje o0mydenus. [IpotuBoBupycHast
AKTUBHOCTbH KoMIlieMeHTapHbIX ODN mo4ty He 3aBUCUT
OT HaJIM4yKs (OTOAKTHBUPYEMO TPYMIIBl B COCTABE Ha-
HOKOMITIO3HTA, €CIIM OHU HE TIOIBEPraloTCcsi 0OIYUCHHIO.
[Nonoxenune HoTOAKTUBUPYEMOU TPYMITHI B HAHOKOMIIO-
3ute (Ha octarke nonunusuHa wim B ODN) mpaktude-
CKH HE BIIMSET HA IPOTUBOBUPYCHBIN 3 PEKT.
WHTepecHO OTMETUTD, UTO «HEKOMILIEMEHTAPHBIE»
HaHOKOMIIO3UTHI, Hecylne (OTOAKTHBUPYEMYIO TPYII-
Iy, MEHEe aKTHBHBI MMOciie 00my4eHus: (pPUCYHOK). Bos-
MOXXHO, 3TOT 3(deKkT BbI3BaH apromecTpykimeii SCR
py 00JIy4eHNH B TOM CIIy4ae, €CIi OH He HaXOAUTCS BO
B3aMMOJCHUCTBUU C KOMILUIEMEHTAPHON MMILEHBIO, YTO
MIPUBOJUT K CHHKEHHUIO TPOTUBOBUPYCHON aKTUBHOCTH.
Kak u B cydae, xorma ODN Haxomutcs B cocta-
BE HAHOKOMIIO3UTOB, HE CBA3AHHBIN C HAHOYACTHULIAMU
ODN, nocTaBJieHHBI! B KJIETKH C MOMOIIBIO JIUTIO(EK-
TaMHHa (IIUPOKO MCIIOIB3YEMOTo TpaHC()EKIHOHHOTO
areHTra), NposBIAeT OONBUIYI0 aKTHBHOCTH IOCHE 00-
Jy4YEeHMsI, €CIM OH COAEP)KUT apWIasHIHYyIO TPYIILY,
a aktuBHOCTH HemeueHoro ODN He 3aBuUCHT OT 00-
ayuenus (pucyHok). Bo Bcex cmyuasx ODN B cocra-
BE HaHOKOMIIO3UTOB TPOSIBISIET HECKONBKO OOJIBIIYIO
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MpoTuBOBMpYCHAasA aKTUBHOCTL 06Pa3LIOB HAHOKOMIMO3MTOB Ha OCHOBe HaHouvacTuy, TiO,, cogepallmnx KoMNIeMeHTapHbIN
(ODN) u HekomnnemeHTapHbin (SCR) ON no otHoweHuto k BupycHon PHK, a Taike cogepxaliux nnm He cogepkawux oTto-
aKTMBMPYEMYIO apunasuaHyto rpynny Ha octatke nonunumavnHa unm ON (cooTeeTtcTBeHHo PL*, ODN*, SCR* u PL, ODN, SCR).

CgeTnble CToN6MkM — A0 ynbTpacrMoneToBoro ob6nyyYeHns KynsTypbl 3apa)KeHHbIX KIETOK ¢ obpasuamu, TEMHblIE — Mocre.
Ipf — nunodekTaMuH.

Antiviral activity of samples expressed as the logarithm of the virus production suppression index. TiO,-based nanocomposites
contained complementary and non-complementary oligonucleotides to viral RNA (ODN and SCR, respectively); they
contained the photoactive arylazide group on the polylysine residue or oligonucleotide (PL*, ODN*, or SCR*) or did not
contain this group.

The light and dark columns correspond to the results before and after UV irradiation of infected cell cultures with samples, respectively;
Ipf, lipofectamine.
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MPOTUBOBUPYCHYIO aKTUBHOCTB 10 CPABHEHHIO C TEM,
KOTJia OH JOCTAaBJICH B KJIETKH B MPHUCYTCTBUH JIUIIO-
(dexTamuHa.

3akniouyeHuve

Takum 00pazoM, CO3aHbl YHUKAJIbHbIE HAHOKOM-
MO3UTHI, COCTOSIIUE U3 TpeX (PYHKIHOHATIBHBIX KOM-
noHenToB: Hanodactull TiO,, antucMeicioBoro ODN
u (oroakTuBUpyeMOl TeTpadTOpapUIa3uIOTPYIIIIH,
00eCrevnBaroInX, COOTBETCTBEHHO, MPOHUKHOBEHHUE
B KJIETKH, CEJIEKTHBHOe B3aumMmojenctBue ¢ HK-mu-
LICHSAMH ¥ (OTOMOTU(HUKALNIO 3TUX MuLIeHel. [Ipo-
JEMOHCTPHPOBAH 3HAYUTENBHBIH MPOTHBOBUPYCHBIN
caifT-cienuduueckuii 3QdexT npeanoKeHHbIX HaHO-
KOMITO3UTOB AJ1s1 Bo3neicTBus Ha HK-muienn Ha npu-
Mepe MHIMOMPOBaHMsI PEIUTMKALIMK BUpyca TpUIlNa A B
KJIETOUHOU cucteme. [IokazaHO, YTO HAHOKOMIIO3HTHI,
cozpepkaiue (HOTOAaKTUBHPYEMYIO rpymiry, Oojee 3¢-
(EKTHBHBI 10 CPaBHEHUIO C HEMOAM(DUIMPOBAHHBIMU
ananoramu. [loimydeHHbIe pe3yabTaThl CBUICTEIbCTBY-
IOT O MEPCHEKTUBHOCTH HCIIOJIb30BAHMS MPEIIOKEH-
HBIX TpenaparoB s BozaeiicTBuss Ha HK-mumienn
BHYTPH KIIETOK.
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Dampening of proteomics activity associated with the COVID-19
patients afflicted with asthma based on gene expression pattern

Dawood Ali Adel™

University of Mosul, Iraq

HayuHan cTatba

Abstract

Introduction. It is established that the severity of SARS-CoV-2 infections varies between individuals without
underlying health conditions and those with chronic ilinesses like asthma.

Aim: to assess the gene expression of COVID-19 patients with and without asthma.

Materials and Methods. 20 patient profiles out of a total of 288 were selected from Gene Expression Omnibus
(GSE178399). All patients have positive PCR tests and were divided into 4 groups. GEO2R was used to estimate
the comparison between groups. STRING tool was used to measure the correlation between genes. The
phylogenetic tree was extracted using iTOL. The heat map was extracted using iDEP.96.

Results. MMP10 (Matrix metalloproteinase-10), TNFRSF11B (Tumor necrosis factor receptor superfamily
member 11B), CCL23 (C-C motif chemokine ligand 23), CD274 (Programmed cell death 1) CX3CL1 (C-X3-C motif
chemokine), and IL17C (Interleukin-17C) had down-regulation for all patients. Transcriptome data conducted no
correlation between the expression of MMP10 and asthma, although there is a significant correlation between
the expression of MMP1 and sensitivity. The expression of IL17A, which is strongly related to allergic asthma, is
decreased in non-asthmatic individuals but elevated in asthmatic patients, notably in survivors. Patients who were
not asthmatic had significantly higher CXCL9 levels.

Conclusions. The study revealed a disparity in the relationship between imbalanced gene expressions in the
groups examined. The gene expression of asthma patients who survived and died was not significantly different.

Keywords: SARS-CoV-2, gene expression, asthma, CXCL9, interleukin, down-regulation
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NopaBneHne NPOTEOMHON aKTUBHOCTU, CBA3AHHOM
¢ nayneHtamm ¢ COVID-19, ctpagalowymumm actmon,
Ha OCHOBe NnaTTepHa 3KCNpeccuv reHoB

Dasya Ann A~

YHusepcutet Mocyna, Npak

AHHOMauus

BeeaeHume. VHdekuma SARS-CoV-2 6bina cBa3aHa ¢ pasnmyHbIMU XPOHUYECKUMIN U UMMYHO3aBMUCUMbIMKN 3a60-
neBaHUSIMU, BKIOYas acTmy.

Llenb nccnenoBaHns — oLeHka akcnpeccum reHoB y nauneHToB ¢ COVID-19 ¢ actmol unm 6es Hee.
Matepuanbl u metoabl. 20 npocuneri naumeHToB M3 288 Gbinm BbibpaHbl M3 Gene Expression Omnibus
(GSE178399). Bce nauueHTbl umenu nonoxutenbHble MLUP-TecTbl 1 6biny pasgeneHsl Ha 4 rpynnel. GEO2R
MCMomnb30Barcs A5 OUEeHKN cpaBHeHus mexay rpynnamu. MHetpymeHT STRING npumeHsincs ans naMmepenus
Koppensaumn mexay reHamu. dunoreHeTnyeckoe AepeBo ObINo M3BneyYeHo ¢ ucnomnb3oBaHvem iTOL. Tennoeas

© Dawood A., 2024
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kapTa 6bina noctpoeHa ¢ nomoubto iDEP.96.

Pesynsratbl. MMP10 (MaTtpukcHaa metannonpotenHasa-10), TNFRSF11B (npeactaBuTenb cynepceMencTsa
peuenTopoB dakTopa Hekposa onyxonu 11B), CCL23 (nuraHa 23 xemokuHa moTtmBa CC), CD274 (3anporpam-
MupoBaHHas rmbenb knetok 1), CX3CL1 (xemokuH moTtmnea C-X3-C) u IL17C (nHTepnenkuH-17C) nogaensan ak-
TUBHOCTb Y BCEX MauueHToB. [laHHble TpaHCKpUNTOMa He BbiSIBUNU Koppensauum mexay akcnpeccuen MMP10
M acTMOW, XOTS CYLUEeCTBYET 3HauuTeNnbHas koppenauna mexay akcnpeccnen MMP1 n 4yBCTBUTENBHOCTLIO.
Okcnpeccus IL17A, TECHO CBsI3aHHasa C annepruyeckon acTMOW, CHUXKEHA Y Nuu, He cTpadarwmux acTMOW, HO
NnoBbILLeHa Yy 6OMNbHbLIX aCTMOMN, OCOBEHHO Y BbIXKMBLUMX. Y MALMEHTOB, HE CTpadaloLmMx acTMoK, ypoBHuM CXCL9
ObINy 3HAYMTENBHO BhILLE.

BbiBogbl. ccneqoBaHue BbISIBUIIO HECOOTBETCTBME BO B3aMMOCBA3WN Mexay HecbanaHCMpOBAHHOW SKCMpec-
Cvel reHOB B UCCNEeA0oBaHHbIX rpynnax. KCNpPeccusi reHOB Y BbRKUBLLMX U YMEPLUUX NaLUEHTOB C aCTMON CyLue-

CTBEHHO He pasnn4yanachb.

KnioueBble cnoBa: SARS-CoV-2, akcripeccusi 2eHos, acmma, CXCL9, uHmepnelKuH, CHUXeHuUe peaynsayuu.

UcmoyHuk d)uuchupoeaHun. ABTOp 3asBnseT 06 OTCYTCTBMM BHELUHEero dUHaHCUpOBaHNs Npu npoBeaeHnn

ncecnenoBsaHuA.

KOHd’ﬂUKm uHmepecos. ABTOp Aeknapupyet OTCYTCTBUE ABHbIX U NOTEeHUUasrbHbIX KOH(PIMKTOB MHTEPECOB,

CBSI3aHHbIX C Mybnukaumnen HacTosiLLen cTaTbi.

Ans yumupoeanus: [asyn Anu A. lNogaeneHne NPOTEOMHON aKTUBHOCTM, CBSI3aHHOW € naumeHTammn ¢ COVID-19,
cTpajalolymMm acTMOW, Ha OCHOBe naTTepHa aKcnpeccun reHoB. KypHam Mukpobuonoauu, anudemuonoauu u

ummyHobuomnoeauu. 2024;101(1):133—-142.
DOI: https://doi.org/10.36233/0372-9311-399
EDN: https://www.elibrary.ru/vuherl

Introduction

Even though the occurrence of COVID-19 infec-
tions has decreased, this doesn't eliminate the possibil-
ity of new variants emerging [1]. The alterations that
occurred in the virus were responsible for both the in-
crease and decrease in fatalities. Vaccines also played a
significant impact in the decrease of the epidemic [2, 3].
Medical conditions that had been related to a higher
risk of hospitalization and death from COVID-19 infec-
tion have been found through epidemiological research
[4]. Patients with underlying health issues, such as car-
diovascular disease, hypertension, asthma, or advanced
age, had a greater chance of dying. Current research in-
to the molecular pathways triggered by SARS-CoV-2
infection is actively evaluating genomic and proteomic
patterns [5].

The multi-organ inflammatory response that
results from the patient's immune system reaction
to COVID-19 is a substantial contributor to the dis-
ease's severity. Several types of research have hint-
ed at the part played by circulating immune cells in
pandemic severe respiratory syndrome [6, 7]. During
the early phases of SARS-CoV-2 infection, the im-
mune response primarily targets the spike glycopro-
tein. A cross-sectional study revealed that individuals
with COVID-19 exhibited a decreased proportion of
T-helper cells producing I[FNy. However, the actual
impact of immune cell responses on infection out-
comes hasn't been definitively confirmed through clin-
ical results [8, 9].

It is well established that in response to a patho-
gen, immune cells release cytokines and immunologi-
cal complexes. Thus, the over-secretion of these immu-

© [Oaeyg Anu A, 2024

nological complexes onto normal cells of the body may
expose the human to an immune setback [10, 11].

The significance of immunity complexes in
COVID-19 patients could be better understood if the
interplay of key immunological axes were studied, es-
pecially in individuals with specific chronic diseases
like asthma. The severity of asthma and the ability to
control asthma are two distinct but related aspects of
each patient's condition [12]. Asthma exacerbations and
deterioration in symptoms are linked to factors like re-
sistance to therapy or the existence of risk factors such
as viral respiratory infection. When respiratory infec-
tions or other diseases trigger asthma exacerbations,
the patient's health deteriorates and their prognosis
worsens [13].

The purpose of this research is to assess gene ex-
pression between COVID-19 asthma and non-asthma-
tic patients.

Materials and Methods

A pilot study was conducted to detect thousands of
genes using microarrays in samples of 288 COVID-19
positive patients. Within this group, there was a subset
of individuals who had asthma at varying degrees of
severity. From this larger cohort, a specific subset of
20 cases was selected for further analysis. Among these
cases, some individuals had unfortunately passed away
due to severe asthma, which was characterized by an
increased presence of Th2-cells. Another separate sub-
set comprised individuals with asthma in a moderate
state, who had managed to overcome both COVID-19
and asthma with relatively few complications. These
distinct subgroups were then compared to individuals
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who did not have asthma. This comparison included
individuals who had died from COVID-19 as well as
those who had successfully recovered from the disease.
The experimental study was carried out to detect thou-
sands of genes using microarray. Gene expression data
from DNA microarray or other sources is the input. Key
features include data pre-processing, data exploration,
differential expression analysis, pathway analysis, and
data visualization [14]. The information about the pa-
tients was retrieved and analyzed from the gene expres-
sion omnibus (GEO) with the ID (GSE178399) [15].
20 patient profiles were chosen for the investigation,
as shown in Table 1. The PCR tests for SARS-CoV-2
were positive for all patients. Patients were categorized
into the following four groups: non-asthma patients
survived, non-asthma patients deceased, asthma pa-
tients survived, and asthma patients deceased.

GEO2R was used to evaluate and estimate the
comparison between groups. GEO2R is used to iden-
tify genes that express differently under different ex-
perimental settings. The results are summarized in a
table that lists the top 92 genes, sorted according to
their P-value. These genes have significantly the lowest
P-value.

Ten genes out of a total of 92 were selected to be
tested for expression across 20 selected samples. The
online STRING tool was used to measure the correla-
tion between genes. The phylogenetic tree for genes
was extracted using iTOL and STRING servers. The
heat map of the expressed genes was extracted using
iDEP.96.

Results

The information regarding the expression of 92
genes for 20 samples was supplied in the supplementa-
ry file. This information included the adj. P value, the
P value, and the spot Id. A volcano graphic visualizes
differentially expressed genes by displaying statistical
significance with (-log & P value) vs the amount of
change (log, fold change). Figure 1, a depicts normal
expression as black dot genes and down-regulation as
blue dot genes. Uniform Manifold Approximation and
Projection (UMAP) is a technique for reducing the
number of dimensions that is beneficial for visualizing
how different samples are related to one another. In-
dicated within the plot is the total number of nearest
neighbors that were factored into the calculation. The
variance in gene expression was not significantly dif-
ferent across any of the patient groups (Fig. 1, b). The
limma (Venn diagram) method is used to investigate
and download the overlap in important genes between
various comparisons. By selecting the relevant con-
trasts, the genes in each Venn diagram region can be
downloaded. The study's findings show that no num-
ber of genes are linked to each other among the patient
groups (Fig. 1, ¢). The box plot was used to disperse the
values of the chosen samples. Colored samples were

Table 1. Profiles of COVID-19 patients, 0 = Non-asthma,
1 =Asthma

Sample | Accession no. Age Asthma Outcome
1 GSM5389989 41 0 Survived
2 GSM5389990 38 0 =
3 GSM5389991 39 0 =
4 GSM5389992 63 0 =
5 GSM5389993 25 0 =
6 GSM5389998 59 0 Deceased
7 GSM5380013 63 1 Survived
8 GSM5380021 46 1 =
9 GSM5380024 65 1 =
10 GSM5380031 47 0 Deceased
1 GSM5380032 46 0 =
12 GSM5380049 82 1 =
13 GSM5380054 87 1 Survived
14 GSM5380059 57 1 Deceased
15 GSM5380063 54 1 Survived
16 GSM5380070 50 1 Deceased
17 GSM5380077 78 0 =
18 GSM5380083 66 0 =
19 GSM5380127 49 1 =

20 GSM5380273 58 1 =

distributed in groups. The distribution's width can be
utilized to determine whether the selected samples are
suitable for differential expression analysis. The values
of the patient samples centered on the median indicate
that the data are standardized and mutually comparable,
implying that all of the selected samples have an equal
value distribution. The graphic depicts the data after log
transformation and normalization, Fig. 1, d.
plotDensities was utilized to estimate the dis-
tribution values of the selected samples based on the
colored group. This plot complements the boxplot for
data normalization verification before differential ex-
pression analysis. There is no difference in the distribu-
tion of density curves in the current investigation. The
plot depicts the data after log transformation and nor-
malization have been completed, as seen in Fig. 2, a.
The limma (qqt) plot compares the quantiles of the
dataset to the theoretical quantiles of the t-test distri-
bution. This plot aids in evaluating the quality of the
limma test results. The dots in Fig. 2, b are optimally
aligned along a straight line, indicating that the values
for the moderated t-statistic derived from the test con-
form to their theoretically predicted distribution. After
a linear model has been fitted, the Vooma plot is used
to assess the mean-variance relationship of expres-
sion data. This graphic can assist determine whether it
is worthwhile to use precision weights to account for
the trend of mean-variance. Each black dot in the data
represents a gene, and the red line is an approximation
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Fig. 1. a: Volcano plot: Prevalence of genes, black dots indicate normal gene expression, blue dots indicate down regulation.
b: UMAP plot presents the distribution of sample related to their colors. ¢: Limma plot for the groups of patients represents
without correlations between groups in P adj. value < 0.05. D: Box plot of the patients’ profile represents the standardized and
mutually comparable.

Fig. 2. a: plotDensities: Distribution of samples divided into four groups according to color. b: limma (qqt): Arrangement of
dataset to the theoretical quantiles of the t-test distribution. c: Vooma plot: The mean correlation variance of the expression
data.

of the variance direction that can be taken into account
during differential gene expression analysis. The blue
line depicts the continuous variation shown in the illus-
tration in Fig. 2, c.

The heatmap of the expression genes for the se-
lected samples is shown in Fig. 3. Changes in gene
expression are shown by a scale ranging from -3 for
down-regulation (green) to 3 for up-regulation (red).

As a result of the variation in gene expression be-
tween samples, ten genes were chosen to investigate
the variation in gene expression that exists between the
four patient groups, as shown in Fig. 4. The expression
of ten genes and their accession numbers are listed in
Table 2.

According to the criterion of P < 0.05, ten genes
(MMP10, TNFRSFI11B, CCL23, CD274, CX3CLI,



KYPHAJ1 MUKPOBUOJIOTUN, SMTMAEMNONOTUN N UMMYHOBUOJOIMNI. 2024; 101(1) 137

DOI: https://doi.org/10.36233/0372-9311-399

OPUTVHANbHbBIE NCCJTIEAOBAHNA

Fig. 3. Heatmap of the 20 samples gene expression. The scale of expression is between (-3 down-regulation
to 3 up-regulation).

IL17C, MMPI, IL10, CXCL9, and IL17A4) were identi-
fied as being associated with an increased risk and war-
ranting further investigation. Heat maps illustrating the
relationship between these shared genes based on sample
expression revealed that a large proportion of the genes
with down-regulated expression were shared (Fig. 5).
The type and strength of the relationship between the

Table 2. Expression selected genes and their IDs

10 immune genes are depicted in Fig. 6, a. Seven of ten
genes were shown to have a distinct cumulative asso-
ciation after clustering, as shown in Fig. 6, b. Proteins
whose gene expression is associated across a wide range
of tests. Figure 7 illustrates coexpression scores based
on protein co-regulation and RNA expression patterns.
Proteins that coexpress the 10 genes under study are as-

ID Adj. P. Val P. Value Frequency Common name of gene d'\el;(rj:e Expression
P09238 0.0804 0.000874 7.0282 MMP10 (Matrix metalloproteinase-10 ) 2 Down Regulation
000300 0.1472 0.003633 5.47 TNFRSF11B (Tumor necrosis factor 3 Down-Regulation

receptor superfamily member 11B)
P55773 0.1472 0.005515 5.036 CCL23 (C-C motif chemokine ligand 23) 3 Down-Regulation
QINZQ7 0.1472 0.006401 4.8835 CD274 (Programmed cell death 1) 3 Down-Regulation
P78423 0.2214 0.016846 3.9207 CX3CL1 (C-X3-C motif chemokine ) 4 Down-Regulation
Q9POM4 0.2462 0.024484 3.5608 IL17C (Interleukin-17C) 1 Down-Regulation
P03956 0.4652 0.157531 1.8485 MMP1 (Matrix metalloproteinase-1 ) 4 Normal
P22301 0.3639 0.090973 2.3426 IL10 (Interleukin-10) 9 Normal
Q07325 0.3014 0.066121 2.6331 CXCL9 (C-X-C motif chemokine 9) 5 Normal
Q16552 0.6217 0.405465 0.999 IL17A (Interleukin-17A) 6 Normal
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Fig. 4. Expression levels of the ten profile genes studied are varied significantly between the four patient groups.
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Fig. 5. Heatmap of expression genes shows the correlation
of high significant of down regulation.

Fig. 6. Multi-interactions views between nodes of immune genes.

a — the pop-ups provide information regarding the nodes and edges between genes; b — 7 cluster genes appear in red color with high
affinity and cluster with 2 genes in green.

Fig. 7. The correlation between coexpression genes with human pattern and some organisms.
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Fig. 8. Phylogenetic tree of 10 genes.
Each collection of genes is color-coordinated.

sociated in a way that is distinct from that seen in other
organisms. Figure 8 depicts a phylogenetic tree of the
10 immune-correlated immune genes. Clade Coverage
for collapsed groupings of genomes in the phylogenetic
tree shows the lowest and highest similarity within that
clade as two different hues. Each gene of interest has a
color corresponding to the similarity of its best hit inside
a specific STRING genome. Interactions can be predict-
ed based on the correlations between these presence/
absence profiles. Gene co-occurrence of the correlat-
ed gene families with comparable occurrence patterns
across genomes is shown in Fig. 9.

ORIGINAL RESEARCHES

Discussion

The purpose of this study is to investigate the
pathogenetic processes and genetic pathways in
COVID-19 patients with and without asthma issues
from several biological viewpoints. Transcriptome data
have recently been often employed in investigations re-
lating to COVID-19 comorbidity.

Asthma is distinguished by the prolonged inflam-
mation of air passages, leading to chest constriction,
wheezing, and coughing. Individuals with persistent
asthma have displayed notable decline in lung capacity
and resistance to steroid treatments, underscoring the
need for novel approaches in developing anti-inflam-
matory therapies [16].

After choosing 20 patients from this study, split-
ting them into four groups, and determining the gene
expression levels of 92 genes, it was discovered that 6
immune genes out of the 92 had down-regulation of ex-
pression (MMP10, TNFRSF11B, CCL23, CD274, CX-
3CL1, and IL17C). The distribution of gene expression
is balanced among the patients who were chosen. In the
overall distribution, the number of linked genes was
low, but compared to the quantiles, a mathematical in-
crease with a significant theme was detected at P <0.05.
Then, a heatmap was used to quantify gene expression,
and a stark contrast was seen between unregulated (red)
and down-regulated (green).

Because of this discrepancy, 10 genes were selec-
ted, knowing that 6 of these genes were the weakest.
The degree of the node varied among (1- 9) genes and
this is what was observed in Table 2. In terms of both P
and adj.P values, the six genes were the most prevalent.

Fig. 9. Gene co-occurrence of gene families whose distribution patterns across genomes are comparable to one another.
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Figure 4 depicts the expression of the ten immune
proteins in patients, however, in general, the expression
of the proteins is nearly the same in the coronavirus
group. MMP10 expression was higher in the second
and fourth groups, i.e., in deceased patients, indicating
that this gene is not linked to asthma. The identical out-
come was conducted for the proteins CX3CL1, IL17C,
MMPI1, and IL10. There is a clear increase in MMP1
expression in the first and second groups, but a decrease
in expression in the third and fourth groups, indicat-
ing that this gene is directly associated with asthma
disease. Even though the expression of IL17A protein
was reduced in non-asthmatic patients, an increase in
its expression was seen in asthmatic patients, particu-
larly in survivors, indicating that this gene is intimate-
ly associated with asthma sensitivity. In contrast to the
prior case, it was observed that non-asthmatic patients
expressed CXCL9 at a much higher level than asthmat-
ic patients. This result also suggests that this gene is
associated with asthma, but in a reverse way.

The current study's findings demonstrate that the
linked genes in COVID-19 individuals with asthma do
not change significantly between the survivors and the
deceased. In non-asthmatic patients, there is a clear and
significant difference in most genes, where the expres-
sion was high in the deceased patients, except IL17A,
where the expression was low in both survivors and
dead individuals. The down-regulation of TP53BP1
(NK) was observed to inhibit the responses of Th17
cells and natural killer cells. Th17 cells primarily func-
tion through IL-17 to carry out their activities. Individ-
uals with COVID-19 might exhibit increased levels of
IL-17, indicating that focusing on this cytokine could
potentially serve as a therapeutic approach to address
this disease [17].

Protein-protein interactions (IPP), as illustrated in
Figure 6, include gene neighborhood, gene co-occur-
rence, protein co-expression, text mining, and protein
homology, depending on the quality of the binding
between proteins. A cluster analysis of the proteomes
revealed that two sets of three genes are associated in
different ways: the first set of seven genes is shown in
red, while the second set of two genes is shown in green
according to the linking formula.

Since immune systems are found in so many dif-
ferent types of species, we needed to determine how
the prevalence of these proteins in humans compares
to that of other types of organisms. According to the
degree of similarity scale, there is a clear similarity be-
tween the genes of various creatures.

In a cohort of patients admitted with COVID-19,
we demonstrate that there is a substantial difference be-
tween the cytokine profiles of those who died and those
who survived. Our results provide insight into how to
best target COVID-19 therapy and prevention efforts
for certain subsets of patients [18]. Furthermore, our

findings propose a potential association among certain
genes that were initially disregarded across all patients.
It was observed that psoriasis patients exhibiting high-
er-than-average Th17 responses also displayed height-
ened severity of allergic asthma. Additionally, 1L-17
was found to reduce the inhibition of ACE-2 expres-
sion, which is a receptor crucially involved in the cellu-
lar entry of SARS-CoV-2 [19-21].

A study of 220 asthmatic COVID-19 patients
found that asthma was not linked to a higher risk of
hospitalization after age, gender, and other diseases
were taken into account [22]. The incidence of hospi-
talizations and fatalities attributable to COVID-19 was
surprisingly low, even among patients with the most
severe clinical symptoms, which was found in another
study of asthmatics treated with biologicals.

It is crucial to establish a clear understanding of
how SARS-CoV-2 infection progresses in individu-
als with asthma. This involves examining the impact
of asthma itself, any related health conditions linked
to asthma, and the treatments used for asthma, all of
which may collectively influence the outcomes associ-
ated with COVID-19 [23].

While more research is required to determine the
exact mechanisms underlying the altered clinical man-
ifestations of COVID-19, our findings indicate a cor-
relation between an imbalance in gene expression and
mortality as compared to a surviving group. Clinical
trials might present potential defenses against negative
viral impacts [24].

Conclusions

Infection with the coronavirus has been linked to a
variety of conditions that affect the immune system, in-
cluding asthma. According to the findings of this study,
there are immune genes whose expression can shift in
a positive or negative direction depending on the na-
ture of the patient, the type of infection, and whether
or not the individual suffers from asthma. There is no
correlation between the expression of MMPI0 and
asthma, although there is a significant correlation be-
tween the expression of MMP1 and sensitivity. Patients
were found to have similar levels of expression for the
proteins CX3CL1, IL17C, MMPI1, and IL10. Patients
showed identical expression of the proteins CX3CL1,
IL17C, MMP1, and IL10. The expression of the IL17A
protein is reduced in non-asthmatic patients but raised
in asthmatic patients, particularly in survivors, which
is closely associated with allergic asthma. In contrast,
CXCL9 levels were much greater in non-asthmatic
patients. This discovery also suggests that this gene is
linked to asthma. The study found that the unbalanced
gene expression was associated with mortality relative
to the rest of the group. There is no substantial differ-
ence in gene expression in asthmatic patients who sur-
vive and those who deceased.
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KnetoyHble KynbTypbl B BUpycosiormn: ot npouuioro K 6yn,yu.|emy
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AHHOMayus

Llenb 0630pa — AaTb KpaTKylo XapaKTepUCTUKY KIETOYHbIX KyMbTyp, MOMYYEHHbIX UX TKaHEN MIEKONUTatoLLmnX,
W paccMOTPETb TEKYLLME BO3MOXKXHOCTU 1 NEPCNEKTUBBI UX NCMOMNb30BaHNS B BUPYCOMNOTUN.

AHanus nutepartypbl, NpeacTaBneHHon B OCHOBHbIX 6a3ax AaHHbIx (Web of Science, PubMed, Scopus, Elsevier,
Google Scholar u PUHLL) no coctosHuto Ha mionb 2023 1., CBUAETENbCTBYET O TOM, YTO B BMPYCOMNOMMYECKNX
UCCneaoBaHNaX UCMONb3YOTCA pa3nuyHbie BUAbI U TUMbl KNETOYHbIX KyNbTYP, MPUMEHEHME KOTOPbIX UMEET psag
npenmyLLecTs nepea Apyrumu Metogammn uccriefoBaHus in vitro v in vivo. B o63ope npuBeaeHbl MHOTOYMCIEH-
Hble MpUMepbl paspaboTKM HOBbIX METOAOB MOMYyYEHWUS KMETOYHbIX KyNbTyp ANS KyNbTUBMPOBAHWS BUPYCOB,
B TOM YKCIIe ONUCaHbl YyBCTBUTENMbHbIE U PEMOPTEPHBIE KNETOYHbIE CUCTEMbI, KOHCTPYMPOBAHME KOTOPbLIX MOXET
ObITb MHOroo6eLLaLWmMM MHCTPYMEHTOM ANS OUArHOCTUMKM CYLLECTBYIOLUMX U HEU3BECTHBLIX BUPYCHbLIX MHAEK-
umn. KnetoyHble KynbTypbl OXapakTepu3oBaHbl Kak NoTeHuuanbHele Mogenw in vitro B BUpyconornm Ans paspa-
OOTKN OMarHOCTUYECKMX TECT-CUCTEM M HOBbIX JIEKapCTBEHHbIX MPOTUBOBUPYCHLIX Mpenaparos, Kak cybcrpar
AN NPOU3BOACTBA KymNbTypanbHbIX BakumH. OnucaHo npuMeHeHne KynsTyp KNeToK Ans UccnegoBaHns BAMSHUSA
BMPYCOB Ha MMMYHHYIO CUCTEMY MaKpOOPraHu3ma unm MexaHu3moB UMMyHOMaToreHesa BUPYCHbIX MHAEKLMNA.
CpaenaH BbIBOA O TOM, YTO MCMOMb30BaHME KIIETOYHbIX KYNbTYP OCTAETCA OAHUM U3 BaXKHEWLLMX METOAOB B Npak-
TUYECKON BMPYCOMOMU U B HAYYHbIX UCCNENOBaHUSAX.

KnioueBble crioBa: 0630p, K/IemoyHbIe Kyfbmypbl, 8UPYCOI02UYECKUE UCCIed08aHUs], PeNopmEpHbIe Kemoy-
Hble JTUHUU, 8aKUyUHbI, UUMOKUHbI, UMMYHOINamozeHe3

UcmoyHuk ¢puHaHcupoeaHusi. ABTOpbI 3asBNSOT 06 OTCYTCTBUM BHELUHErO (PUHAHCUMPOBAHUS NPU MPOBEOEHUU
nccrnepoBaHus.

KoHgbnukm unmepecoe. ABTOpbI eKNapupyoT OTCYTCTBUE SIBHLIX M MOTEHUMANbHbIX KOH(MMKTOB UHTEPECOB, CBS-
3aHHbIX C Nybnukaunen HacTosLLEN CTaTbu.

Ana yumuposeaHus: KysHeuosa T.A., becegHosa H.H., AnveB M.P, WenkaHoB M.KO. KneTouHble KynsTypbl B BU-
pyconoruu: oT npotunoro kK éyaywemy. XKypHan mukpobuonozuu, snudemuonoauu u ummyHobuonoauu. 2024;101(1):
143-153.
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The cell cultures in virology: from the past to the future
, Maxim R. Aliev, Michail Yu. Shchelkanov

Tatyana A. Kuznetsova™,|Natalia N. Besednova

G.P. Somov Institute of Epidemiology and Microbiology of Rospotrebnadzor, Vladivostok, Russia

Abstract

The aim of the review is to give a brief characteristic of cell cultures obtained from mammalian tissues and to
consider the current possibilities and prospects for their use in virology.

The analysis of the literature data presented in the main databases, such as Web of Science, PubMed, Scopus,
Elsevier, Google Scholar and RSCI (as of July 2023), indicates that various types of cell cultures are currently
used in virological studies. The use of cell culture has a number of advantages over other in vitro and in vivo
methods of virological research. The review provides numerous examples on the development of new methods
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of obtaining cell cultures for the cultivation of viruses. Among them are sensitive and reporter cell systems, the
design of which can be a promising tool for diagnostics of existing and new unknown viral infections. Cell cultures
are characterized as potential in vitro models in virology for developing new diagnostic test-systems and antiviral
drugs. An important area of cell cultures application is their use as a substrate for the production of culture-derived
vaccines. Another aspect of the cell cultures application is also highlighted, such as the study of the effect of the
viruses on the host immune system or the mechanisms of immunopathogenesis of viral infections. It is concluded
that the use of cell cultures remains currently and in the near future one of the most important methods in practical

virology and in scientific research.

Keywords: review, cell cultures, virological research, reporter cell lines, vaccines, cytokines, immunopathogenesis
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BsepeHune

OCHOBHBIE NPUHLMIBI KyT5THBUPOBAHHS TKAaHEH
Obutn BriepBbIe npezcTaBieHsl B. Py B 1885 . u 6azu-
poBanuck Ha pa3pabotke C. Punrepom comneBbix (¢pu-
3MOJIOTHYECKUX) PAcTBOPOB, MNpeAHA3HAYEHHBIX IS
noajepkaHusi paboThl W30JIMPOBAHHOTO CEpALA K-
BOoTHOTO. B naneneiimem [ Xabepnanar mokasan Bo3-
MOKHOCTb KYJIBTHBUPOBAHHUS H30JIMPOBAHHBIX KYJIBTYP
pacTUTENbHBIX TKaHeH, npencraBuB B 1902 1. uzaero o
TOM, YTO PACTUTENIbHBIE KJIETKH CIIOCOOHBI AaTh Hava-
JIO TIOJIHOLIEHHOMY pacteHuto. B 1940-1950-x rr, ¢
9pbl aHTHOMOTHKOB U Pa3padOTKH MUTATEIbHBIX Cpel,
METOABl KYJbTUBHUPOBAaHUS KJIETOK MONYyYWIN 3HAYH-
TEJIbHOE YCOBEPLIEHCTBOBAHHE U CTAIM LIMPOKO IpPHU-
MeHAThes B Bupyconoruu. K 1954 . otHocuTcs co3na-
Hue /[. ConkoM BakKIIMHBI IPOTUB MOJIMOMUEIUTA, YTO
CTaJl0 BO3MOXKHBIM OJaroapst OTKPBHITHIO CIIOCOOHO-
CTH BUpYCa MOJUOMHEIINTA PACTH B KYJIBTYpax pasiiny-
HBIX TKaHel, caenanHomy [[.@. Duaepcom, T.X. Van-
nepom U ©.X. Pob6uHCcOM, 1 OBIJIO 03HAMEHOBAHO MO-
nydeHueM nocnenqHumu HobGeneBckol mpemuu.

B nactosimee Bpems kinerounsie KyasTypbl (KK)
UCTIOJNIB3YIOTCS B Pa3IUUHBIX 001aCTsIX HAyYHBIX HCCIIe-
JIOBaHUN — OT KJIETOYHOM U MOJIEKYJISIPHOI OHOIOTUU
JI0 IPUKJIAAHON OMOTEXHOJIOTHH, & TAKKE HAXOIAT LIH-
PpOKO€E IPUMEHEHHE B MEJULIMHCKON IpakThke. [Ipexne
Bcero, KK sBISIFOTCS MHCTpYMEHTOM JJisi UCCIEI0Ba-
HUI B 00JIaCTH BUPYCOJIOTHH, & TAKXKe AJIS pa3paboTKH
HOBBIX TEPANEBTHUECKUX TOAXO/0B U JIEKApPCTBEHHBIX
MIPOTUBOBHUPYCHBIX IpENaparoB, BaKIUH, AUArHOCTH-
yeckux TecT-cucteM. KK MoryT ObITh HCIIOIB30BaHEI
KaK MOJENb in Vitro IJisl U3y4€HUs BIUSHUS pas3iiny-
HeIX (akrtopoB (pH, TemmepaTypbl, aMHHOKHCIIOT,
BUTAMHMHOB, TOPMOHOB, JIEKapCTBEHHBIX Iperapa-
TOB U T.J.) HA pOCT U Pa3BUTUE KIETOK in vivo [1].
KK npumensitorcs 1 A1 U3y4eHUs] IMMYHOIIATOTeHe-
32 BUPYCHBIX MH(EKIIUH.

C nonsaruem KK TecHO cBfi3aH TEpMHUH «KJIETOY-
Has guHU (KJI) — 3TO COBOKYMHOCTH KJIETOK, IO-
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ny4yenHas u3 nepuyHoi KK mytém yBenmuenus ux
KOJIMYECTBa B pe3yJbTare psja reHepauuii ¢ npeodna-
JaHueM KIJIETOK WM JMHUK AuddepeHIupoBKH C BbI-
COKMMHM TEMIIOM POCTa U OJHOPOAHOCTBIO KIJIETOUHOM
MIOMYJISALUH.

BripamuBanue BupycoB B KK B 3HaunMTenbHOM
crereHn obecrnieunsio nporpecc supyconoruu. Cospe-
MEHHBIE METOIbl MOJIEKYJSIPHOW OHMOJIOTHH IO3BOJH-
7 pa3BUBaTh reHeTHueckd MmoaupunupoBaHHeie KK
IUIs BBISIBIIGHUSI BHUPYCOB, Oojiee UyBCTBUTEIBbHBIC U
nHpOpPMaATHUBHBIE, YeM paHee MpuMeHsieMble. Pa3paba-
TBIBAIOTCSI HOBBIC MOJIEIN JJIs MCCIEIOBaHUM in Vitro,
a Taxke HOoBble MeTonsl noiaydenus KK s xynstu-
BHPOBAHUS BHPYCOB, B YHCJIE KOTOPBIX UYBCTBUTEIb-
HBIE U PENOPTEPHBIE KIETOYHbIE cucTeMbl. OHAKO HU
OJlHa U3 HCIOJb3yEMbIX PEMOPTEPHBIX CUCTEM HE SIB-
JISIeTCsl YHUBEPCAJIbHOM — BCE OHM HApSAY C NMPEeUMy-
LIECTBAMHM MMEIOT HEOCTaTKH, YTO OTPAHUYMBAET UX
IIPUMEHEHUE NIl HEKOTOPBIX MCCIIENOBAHUN. BBICOKO-
aKTyaJbHBIMH OCTalOTCSl paboThl MO0 MOJM(HKALUH
LIMPOKO HCHONB3YEMBIX PEMOPTEPHBIX CUCTEM, YCO-
BEPILIEHCTBOBAHUIO METOJIOB OTIPENIEIECHNS AKTUBHOCTH
PENOPTEPHBIX TE€HOB, IIOUCKY HOBBIX PEIOPTEPOB U IO
HCCIIEIOBAHUIO IPYTrUX OMO- U HAHOTEXHOJOTHYECKHX
acnekToB ¢ npumeHenneM KK.

Hean 0030pa — AaTh KPaTKylo XapaKTEepUCTUKY
KK, noigyueHHBIX U3 TKaHEH MIICKOIUTAIONINX, U pac-
CMOTpPETh TEKYIIHE BO3MOKHOCTHU U NMEPCIEKTUBHI UX
HCIIOJIb30BAHNS B BUPYCOJIOTHH.

Buabl n TUNbl KNETOYHbIX Kynbtyp

KK — 310 romoreHHas momyssiiysi FeHETUYECKU
OJTHOPOAHBIX KJIETOK, MOJYYEHHBIX U3 TKaHEH yelloBe-
Ka MJIH )KHBOTHBIX, PACTYIIUX B IIOCTOSHHBIX YCIIOBHSX,
B CIELUAJIBbHON MUTATEIBHON CPeJE NPU KOHTPOIUPY-
eMol TemIieparype, BIaXKHOCTH U YPOBHE YITIEKHCIIOTO
raza [1]. HauGonee pacnpocTpaHEHHBIMU KyJIBTYpPaMu
mddepeHINPOBaHHBIX KIETOK SIBISAIOTCS TEPBHYHBIC
niu nepBuyHO-TpuncuausupoBanueie KK. 910 KK,
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OB30PbI

Mojy4aeMble MPEUMYIIECTBEHHO M3 SMOpPHOHAIBHON
TKaHU 4YeJioBeKa (IpU TpEephIBaHUH OEPEeMEHHOCTH)
WIK U3 CMECH HECKOJIbKUX TKaHEH 3MOpHOHAIBHBIX
OpPraHoB >KMBOTHBIX W 4YeJOBeKa (MOYeK, JETKHUX, KO-
KM, THMYyCa, TECTUKYJl SMOPHOHOB WJIM MOJIOABIX K-
BOTHBIX), KJIIETKH KOTOPBIX 00JIafatoT 0oJiee BHICOKUM
noreHuuanom pocta. [lepsuunbie KK nmomyuaror Tax-
xe u3 (pudpo0IIaACTOB, KEPATUHOLIMTOB, MEIAHOIIUTOBR,
9HAOTENUANBHBIX U MBIIIEYHBIX KJIETOK, FeMaTONO3TH-
YECKHUX M ME3CHXHMMAJIbHBIX CTBOJIOBBIX KJIETOK [2, 3].
Takue KK o0nanaroT psjaoM nperMyIecTs Mo cpaBHe-
HUIO C OIYXOJIEBBIMU M MMMOPTAJIM30BaHHBIMHU KJIETKA-
MHU, TIOCKOJIBKY B OOJIbIIEH Mepe COOTBETCTBYIOT KJIET-
KaM in vivo. KynbTypsl U3 TKaHel KUBOTHBIX JIETKOAO-
CTynHbl. JIOCTYMHOCTh KyJBTYp U3 KJIETOK YeJoBeKa
orpenensieTcs TUIIOM TKaHHU, U3 KOTOPOH OHM MOJydYe-
ubl. Kpome Toro, Takue KK HecyT renotun goHOpa, 4TO
BaYKHO Il U3yUEHUs IIPUYMH MATOJIOTUH KOHKPETHOTO
MAIMeHTa Ha MOJIEKYJISPHOM YPOBHE.

KK xmaccuduuupyrorcs B 1Ba TUIA B 3aBUCHMO-
CTH OT HCIOJb3YEeMOIH CHCTEMBI J1a0OPaTOPHOTO KYIIb-
THBHUPOBAHUSA: aJr€3UBHbBIE U CYCIIEH3UOHHBIE [2]. An-
re3uBHbIM KK 17151 pocta HEOOXOAMMO MPHUKPENHUTHCS
K TOBEPXHOCTH Ja0OpaTOpPHOTO IUIACTHKA WM JpPYyT
K apyry. [Ipumepamu aAre3uBHBIX KJIETOYHBIX JIMHUHI
(KJI), ucnonb3yeMbIx B BUPYCOJIOTHH, SABISIOTCS AS549
(onurenuit NErkuxX 4enoBeka), Vero (AMUTENHA MOYeK
adppukanckoil 3enéHoi maprteimku), MRC-5 (¢pubpo-
OnacThl IErKUX YeIoBeKa) u 1p. [2].

Cycnensuonnsle KK — ato nepeBuBaemMble KieT-
KM, CIIOCOOHBIE K Pa3MHOXKCHHUIO B CBOOOTHO CYCIICH-
JUPOBAaHHOM COCTOSIHMM. PsJl JIMHUM IIepeBUBAaEMBbIX
kinetok — BHK-21 (nmepeBuBaemas MOHOCIHOIHO-CY-
CIICH3MOHHAs CYONMHMS KJIETOK TMOYKH HOBOPOXKIEH-
Horo cupuiickoro xomsuka), HepG2 (KJI remarouen-
morsipHo# KapuuHoMbl denoBeka), MJIBK (KK mouku
Ten€HKa) U Ip. — ObUIH aJanTHPOBAaHBI K PA3MHOKEHUIO
B 9TuX ycnoBusx [2]. Mcnons30BaHue CyCIIEH3UOHHBIX
KK oTkpbiBaeT BO3MOXKHOCTH JJISi MPOMBIIUIEHHOTO
MIPOM3BOACTBA MPOTUBOBHUPYCHBIX BAaKLIMH U JTUArHo-
cTUKyMOB. Pa3zpabotaH 1moaxos K KyJIETUBHPOBAHUIO CY-
CIIEH3MOHHBIX KYJBTYp C IPUMEHEHHEM Pa3IMYHBIX MU-
KpoHOcHTelnel (cedanekc, CHUMKareb, TuTojap 1 ap.),
e KyJbTHBUPYEMbIE KIETKH (GOPMUPYIOT MOHOCIIOM.

Jng yBenuyeHHs HAKOMJIEHHS BHPYCOB HCIIONb-
3ytorcsi cmemannele KK. B atom cinyuae pasHble Tu-
IbI KJIETOK BBIPAIIMBAIOTCSA B BUAE MOHOCIOS B OJHOM
¢akoHe, YTO BBITOAHO JJISl W3OJSIIMU BHUPYCOB H3
KIMHAYECKUX 00pa3loB, comepkKamux Oojiee OIHOTO
BUpYycCa. DTO CIIOCOOCTBYET YMEHBIICHUIO KOIUYECTBA
KK, xotopwie OyayT moaBeprarbcs HH(QUIHPOBAHHUIO
C mocluenymolilei uaeHTuuKanuei Tuna BUpyca Mpu
MOMOIIY UMMYHOQIIIOOPECIIEHTHOTO MM MOJIEKYJISp-
Horo ananu3za. Hanpumep, KJI MRC-5 n A549 moxHO
HCIIOJIb30BaTh B KaY€CTBE CMELIAHHOIO MOHOCIOS IS
JUarHOCTHKH LMTOMErajloBUpyca 4YeloBeKa, BHUpyca
MIPOCTOrO Tepreca, afeHOBUPYCOB [4].

B Bupyconornyeckux McciaeqoBaHUSAX B MOCHEN-
Hee Bpemst Hanwin npuMeHenrne KK peid. 3to o0bsc-
HSIETCS UX YHUBEPCAIBHOCTBIO, SKOHOMHUYECKOH 3(-
(EKTUBHOCTBI0, yI0OCTBOM B 00paboTKe U JETKOCTHIO
TeHeTUYEeCKUX MaHUMyNIsAuui Haa HuMu. Kpome Toro,
takue KK MOXXHO mojiiep»kuBath B TeUCHHE OoJIee JTH-
TEJBHOTO BPEMEHHU H3-3a OoJjiee HU3KMX TOKa3arenen
Metabonm3Ma peid. Crimcok poctynHbix auHUR K KK,
BKJIIOUYas BUbI PbIOBI U TKaHU, IPEACTaBICH B AMepu-
KaHCKOHM KOJUICKIMU KyJbTyp' u EBpormeiickoil Kosuiek-
1M ayTeHTH()UIIMPOBAHHBIX KJICTOYHBIX KyIbTyp? [S].

[epeBuBaembie KK — 3T0 KieTKH, criocoOHbIE K
Pa3MHOXEHHIO BHE OpraHu3Ma HEOIpenelEHHO UIH-
TEJbHOE BpeMsi, CTAaOMIbHBI NIPU KYJIBTUBUPOBAHUU il
vitro. B naboparopusix ycnoBusix takue KJI momnep-
JKUBAIOT MTyTEM JJUTENBHBIX NIEPECEBOB B ONpENENEH-
HOM pexuMe KynbTuBHpoBaHudA. Kietkn Takux KK
WUMEIOT TeTEePOILIONAHBII HA0OP XPOMOCOM, YHCIIO KO-
TOPBIX MOXKET 3HAYUTEILHO KoJieOaThes, gocturas 120
(HanpuMep, B KJIETKaX CUPUICKOTO XOMSUKa).

Humnounnsie KK — 310 Mopdonornuecku on-
HOpOJHBIE KJIETOUHBIE MOMYJALUH, COEpKaIINe MOI-
HbIi HaOOp XPOMOCOM (TEHETHYECKOrO Marepualia),
nonyyaemsle u3 nepsuuHblx KK. Ux ncrouynukom sB-
JIIOTCS pa3fIMYHble TKaHU WM OpPTaHbl YelloBeKa WU
JKUBOTHOTO, HE MMEIOIUX OHKOJIOTMYECKUX U IPYTHUX
BpoxkAEHHBIX anomanui. umnonanas KK umeer orpa-
HUYEHHBIA CPOK JKWU3HH, CTa0MIM3UPYETCS B IpoLec-
C€ KyJIBTUBUPOBAHUA in Vifro, XapaKTEpU3yeTCs TPeMs
¢dazammu pocTa M COXpaHSET B MPOLECCE MacCHpOBa-
HUS CTa0MIIbHBINM KApUOTHII, CBOMCTBEHHBIN UCXOIHOM
TKaHH, a TaKke He 00JaJacT TyMOPOTEeHHOW aKTUBHO-
cteio. IIpumepamu numnouansix KK asnstorcs M-22
(IUTIIOWAHBIA KIETOYHBIH mTaMM (GuOpobracToB Ko-
KA W MBIIIIBI SMOpUOHA YenoBeka), Wi-38 (auruio-
uanas KK nérounoli TkaHu abOpTHPOBAHHOTO IUIOAA),
MRC-5 (numionHbIe KISTKH JETOYHON TKaHU 14-He-
JENBHBIX YEeJIOBEUYECKUX SMOPHOHOB MY)KCKOTO I10J1a),
DBS-FRh-2 (munnoungnas KJI smOproHansHON TKaHU
Makak pesyc) u ap. [6, 7]. C ucnons3oBanuem KJI nu-
TUIOMAHBIX KJIETOK Y€JIOBEKAa TOTOBST BaKI[MHBI IPOTHB
MOJIMOMUENNTA, KPaCHYXH, OCIIEHCTBA, aIeHOBUPYCOB,
BHpYCa repreca, LUTOMETajJoBUpyca YeIoBeKa, pUHO-
BUpyca u Ap. [6—9]. B pamkax HOBBIX MEAMIHMHCKHUX
TexHonoruit auriouansie KJI (B uyacTHOCTH, JUHUS
aJJIOTeHHBIX (pHOPOOIACTOB) MIMPOKO MPUMEHSIOTCS B
3amMecTuTeNnbHON Tepanuu [10].

Hns monmyyenus: KK, usydyenus ux mopdodyHk-
UUOHAJIBHBIX CBOMCTB, HAKOILIEHUS] OMOMAacchl M Xpa-
HEHHsI, a TarKkKe Ui o0ecrevyeHus] KICTOYHBIM Mare-
pHAJIOM YUPEXIEHUM 31paBOOXPAaHEHMsI, HAyYHBIX H
MIPOM3BOJICTBEHHBIX Jabopatopuil B Poccuu u 3a py-
0EKOM CYIIECTBYIOT HalMOHaNbHBbIC KoJUiekiuu KK.

1

American Type Culture Collection. URL: http://www.atcc.org
2 European Collection of Authenticated Cell Cultures.
URL: http://www.ecacc.org.uk
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B Poccun camast Gonblasi KOJUIEKIHS TEPEBUBAEMBIX
KJI no3Bonounsix Haxomutcs B HUW Bupycomoruu
uMm. [I.M1. MBaHoBckoro. OTa KOJUIEKLIMS MpeCTaBie-
Ha B «Karanore Bcecoro3Hol KOJJIEKIIMHA KJIETOYHBIX
kynsTyp» [11], «Karanore Poccuiickoit komiaekiuu
KJIETOYHBIX KynbTyp» [12], «Human and animal cell
lines catalogue» [13]. Ha kaxkayto U3 mpencTaBIeHHBIX
B Karajorax KyJbTyp UMEETCs MaclopT, BKIIOUAOLIHI
UCTOPUIO MOJTYUYEHMS], YCIOBUS KYJIbTUBUPOBAHHUS, J1aH-
HBbIE TI0O MOP(OJIOTUH U KapPHOJIOTHH, 1yBCTBUTEIBHO-
CTH K BUpyCcaM, TYMOPOT€HHOCTH U KOHTaMUHAIIUH.

JIrobas KJI, ucnonb3yemas 1j1st KyJbTHUBUPOBAHUS
BHUPYCOB, XapaKTepU3yeTcs YyBCTBUTEIBHOCTHIO, K
KOTOpPOH OTHOCSATCS BOCHPHUUMYMBOCTH U MEPMHUCCHUB-
HOCTb. UyBCTBUTENBHOCTh — 3TO CIIOCOOHOCTH KIIET-
KA K 3apaXKCHUIO HEOOJNBIIMM KOJIUYECTBOM BHpYycCa
HE3aBHCHMO OT €ro Buja. YyBCTBUTENBHOCTD K CIICLU-
¢uyueckuM BHpycaM 3aBHCUT Kak OT BHpYcCa, MPHKpe-
IUIEHHOTO K pelenTopaM KJIeTOYHOW MeMOpaHBI, Tak
U OT TEHOB-XO035€B, CBA3aHHBIX C KJIETOYHBIM INPOTH-
BOBUPYCHBIM OTBETOM MJIM C MPHUCYTCTBHEM COOTBET-
CTBYIOILIUX PELETITOPOB HA ITOBEPXHOCTH KJIETOK. Boc-
MPUUMYHUBOCTE — 3T0 cBocTBO KJI nHpuumposarhcs
onpenenéHHbIMI BUIaMHU BUPYCOB. BocnipuMuuBOCTb
MOKET OBITh MOBBIIICHA 32 CUET YCHIICHUS IKCIIPECCUH
BHPYC-CBSI3BIBAIOIIUX KJIETOYHBIX peuentopos. Ilep-
MHUCCHUBHOCTb — CIOCOOHOCThH KJIETOK IMOJIEPKUBATDH
pa3MHOXXEHHE BUpYca, T.€. 00eCleynBaTh TPAHCKPHUII-
IUI0 U PEeIUIMKALMI0 TeHETUYECKOro MaTepuala, Mmoj-
HOLIEHHYI0 COOpKY BUPHOHOB. B maGopatopHsIX ycio-
BUSX IEPMUCCUBHOCTb MOXKET OBITh IOCTUTHYTa MMyTEM
HOKayTa OJHOI'0 U3 T€HOB MPOTHUBOBHPYCHOTO OTBETa
WIN TPOCTOrO BhIOOpa M3 J1abOpaTOpHOM KOJUIEKLUH
gyBcTBUTENBHBIX KJI. Viydmenue 3Tux 1ByxX CBOMCTB
nenaet KJI ynoOHBIM HHCTPYMEHTOM /7151 BBIICJICHUS 1
UCCIIEZIOBaHUS BUPYCOB. UyBCTBUTENBHOCTh HE BCEra
KOpPEJNHUPYET C IEPMUCCUBHOCTHIO [ 14—16].

Pa3zpaboTan psia TEXHOIOTUH MOBBIILICHUS YYyB-
ctButenbHocTH KK myg ynydmieHus moaxoios K H3-
YYEHUIO >KU3HECMOCOOHBIX BUpYycOB. [Ipexne Bcero,
9TO pazpaborka yyBcTBUTeNbHBIX KJI. OnHa U3 mep-
BbIX yyBcTBHTENbHBIX KJI Obl1a monyueHa ans Human
alphaherpesvirus-1 (HAHV-1) u cogep>xut BUpyCHBIi
oenok VP16 (u3BectHriii kak o-TIF). Hannune VP16
JleNaeT KJIETKU Oosiee uyBCTBUTEIbHbIMH Kk HAHV
u B 200 pa3 yBenuuuBaeT HakoIuleHHe Bupyca [17].
C 1990 . Hayanoch UCCIEI0BAaHUE YyBCTBUTEIBLHOCTH
KK x pasnbim mramMmam Bupyca rpunna A (HINI,
H2N2, H3N2), B, C, BblICICHHBIM BO BpEMS D3IH-
nemuii [18].

[Mpobnemam noucka KJI, 4yBCTBUTENBHBIX K pa3-
muanabiM JJHK- n PHK-conepixamum Bupycam, mocs-
mieHsl MHOTHE padoTel [16, 18-20]. Ilpu uzydenun
gyBcTBUTENbHOCTH KJI B OTHOmIEHMHM poTaBupyca,
Onaronmaps HOKayTy OJHOTO I'eHa B KJeTKax Vero, j10-
CTUTHYTO 18-KpaTHOE yBENHWYEHHE POCTa poTaBUpYycCa
[16]. B pesynsrare uccineaoBaHus 4yBCTBUTEIBLHOCTH
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BHpyca 3uka BbLsBieHbl 7 KJI u3 pa3HbIx TKaHeH, K KO-
TOPBIM 3TOT BHUPYC JEMOHCTpHpYET TpornusMm [21, 22].
Tem He MeHee METOABI MOMYYEHHS UyBCTBHTEIBHBIX
KJI gacto TpeOyioT MHOTO BpEMEHHU U HE BCEI/a JIETKO
BbIOpaTh KJI, koTOpast OyneT 4yBCTBUTEIILHON U CElleK-
TUBHOM JJI ONPENEIEHHOTO TUIlA BUpYCa.

A.A. Dolskiy u coaBT. oApa3eistoT MOIXO0bI
Ul UACHTU(QHUKAIUE U U3yYEHHS BHPYCOB C HCIOJb-
3oBanneM KK [14]. K nepBomy nmoaxoy aBTOpbI OTHO-
CAT METOJ| OJISIIKOOOpa30BaHMSI, CBA3aHHBIN C IIUTOIA-
THueckuM 3¢dexroM BHupyca (cytopathogenic effect,
CPE) u ocHOBaHHBIIf HA CIIOCOOHOCTH BUPYCa Pa3MHO-
KaTbcsd, MPOHUKasA B KiIeTKy. Kak n3BectHo, BUpycHas
peIUIHKaLUsl CONPOBOXKAAETCS MOP(OIOTHUECKUMH U
OMOXMMHUYECKMMH HM3MEHEHHSMH KJIETOK XO3S5IMHA, B
KOHEYHOM HTOre NMPHUBOASALIMMHU K Pa3pyLICHUIO WU
JU3HUCY KIETOK. Takue BUIMMBIEC KJIETOUHBIC W3MEHE-
HUS BBISBIAIOTCS. MUKPOCKOTIMYECKH U OTPaXaroT KO-
JUYECTBO MOruOIMxX KiIeTok [14, 23]. B GonbimHCcTBE
cinyyaeB CPE moxHO BbLIBUTH depe3 5—10 nHeil uH-
KyOaruu. [l HEKOTOPBIX BUPYCOB, BKJIIOYAS IUTOME-
ranoBupyc, Tpedyercs 10-30 anel, a, Hanpumep, A
Bupyca HAHV-2 CPE nabnrogaercst yxe depe3 24 u.
Opnaxo metoasl CPE sBistiroTcst Tpygo€MKUMU, TEMOH-
CTPUPYIOT HU3KYIO YYBCTBHTEJIBHOCTh U HE MOAXOIAT
IUISL Psiia BUPYCOB, HE OKa3bIBAIOMIMX UTONATHIECKO-
ro 3¢ ekra, U B TAKUX CIIy4yasix HEOOXOIUMBI JIOTIOJTHHU-
TeJIbHBIC UcclieoBanus [14].

Bropoii nogxo1 aBTOpsI CBA3BIBAIOT C IEHEPALMEN
penoptépubix KJI, B KOTOpBIX crienuUuyYecKue KISTKU
B OTBET HAa WHHUUMPOBAHUE BUPYCOM MOAUDUIHPY-
I0TCSl U IPOLYLUPYIOT PenopTEéPHBIH Oenok. Pemoptép
JOJDKEH OBITh BBICOKOCTICHU(HYHBIM JAJIsI ONpeAeIEH-
Horo Bupyca. [locie unuUUpoBaHUS BUPYCHBIH Oe-
JIOK paclo3HaéT penopTEPHYIO KOHCTPYKLHIO B BHJE
BHUPYCHOTO TeHOMa WK XuMmepHoro Oenka. Kiroueoit
0COOCHHOCTBIO PENOPTEPHOI KIETOUHON KOHCTPYKIIMH
SIBIISIETCS] peNOPTEPHBIN TeH. DTO I'eH, BCTpanBaeMblil
B IE€HHO-MHXEHEPHYIO KOHCTPYKIUIO, KOJUPYIOLIUI
HEHTpaJbHbIE IJIs1 KIETKU OCNKH, T.€. HE OKa3bIBaIO-
LW BIUSHUS Ha (U3HUOJIOTHIO KIETKH, KCIPECCHIO
koroporo B KK MoxxHO HaOmiomaTh myTéM aHamu3a
WM KOJMYECTBEHHOTO H3MEPEHHUs €ro MpoayKTa,
00bIyHO (epMeHTa. PenmopTépHBIMH T€HaMU MOTYT
CIIY’)KUTh TEHBI, KOAMpYIOUUEe (IyOpeCleHTHBIE U
JIOMHUHECHECHTHBIE Oenku u (epMeHTh. B ux uwc-
Je TeHbl, KOOUpymolue OakTepuanbHble (EepMEHTHI
B-ramakro3unasy, B-IIIOKypOHHIA3Y, XJIOpaM(pEHHKO-
JauetuiTpaHcgepasy, TeHbl pepMeHTa JTonudepasbl
CBETJISIUKA, a TaKKe HCIOJb3yeMbIii B KauecTBe Oell-
Ka-penopTépa 3enEHbIH (IyopecueHTHBIN OeIoK U Ap.
[14]. DToT momxon MMeEeT LEIbI0 analTUPOBATh Me-
Tonbl ¢ ucnonszoBanueMm KK, cnenars ux 6onee mpo-
CTBIMHU, YNOOHBIMH U WH(pOpMaTuBHbIMH. [IpumMene-
Hue penoptépubix KJI no3somiser auddepenunponars
KOHKpPETHBIE BUABI BUPYCOB WJIM CEMEHCTBAa BHPYCOB
U MOXET OBIThb HCHOJB30BAHO ISl KOJMYECTBEHHBIX


http://medbiol.ru/medbiol/slov_sverd/0003c354.htm
https://ru.wikipedia.org/wiki/%D0%91%D0%B8%D0%BE%D0%BB%D1%8E%D0%BC%D0%B8%D0%BD%D0%B5%D1%81%D1%86%D0%B5%D0%BD%D1%86%D0%B8%D1%8F
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HCCIeJIOBaHUN B KauecTBe Oosiee OBICTPOro aHaiora
merona CPE [14].

PenoprépHble cUCTEMBI IIPUMEHSIOTCS B OCHOB-
HoM 111 momyyeHust KK uenoBeka u MIEKOMUTAIOMINUX
C BBICOKMM U CTaOWJIBHBIM YPOBHEM HapaOOTKH Liee-
BOro Oejka Ui MOJIy4eHHUs] peKOMOMHAHTHBIX OEJIKOB
B OOJNBLIMX KOJNMYECTBAaX AJS MEAULMHCKUX M HCCIe-
JIOBaTENIbCKUX LIeJIeH, Harmpumep, JUIsl IPOU3BOJICTBA B
OnopeakTopax BaKIMHHBIX U JIEKAPCTBEHHBIX Mpernapa-
ToB. Jln1s1 OOHApy>KeHUsI PENOPTEPHOM AKTUBHOCTH MPU
WCCIIEZIOBAaHUU PA3IMYHBIX CEMEUCTB BUPYCOB B 3aBU-
CHUMOCTHU OT CTPYKTYpbl T€HOMa M >KU3HEHHOTO ITUKJIa
CYILLIECTBYIOT pasnuuHbie cucteMbl. Tak, PHK-Bupycs
C OTPHIATENILHON MONIIpHOCTRIO (Orthomyxoviridae u
Filoviridae), penuuupyomyecs B sApe X031uHa, 00-
Hapy’>KHBalOT C HCIIOJIb30BAHUEM MUHHI€HOMa — CO-
KpalEHHOW BEPCUM BUPYCHOIO I€HOMA, COAEpIKalleH
3'- 1 5'-KOHIIEBBIE OCTATKH I'€HOMa, HEOOXOIUMBIE IS
peIUIMKallMd WU TpaHCKpUNuuud. B MuHurenome Bce
BHUPYCHBIE T€HBI YJAJSIOT U 3aMEHSIOT OJHUM (HEBU-
PYCHBIM) peHOpTEPHBIM [EHOM, HANpUMEp, KOTUPYIO-
muM (IIyopecleHTHbIE WK JIIOMUHECLEHTHBIE OCTIKU
(3en€ublil (yopecleHTHBIN OenoK, P-rajakTo3uaasy
u np). Penoprépnas cucrema st PHK-Bupycos ¢ no-
JIOKUTEILHOU TOJIIPHOCTBIO, Hanpumep Alphavirus
cemeiictBa Togaviridae w Hepacivirus cemeicTBa
Flaviviridae, Taxxe BKItO4aeT B ce0s MUHUTCHOMHYIO
KOHCTPYKLHMIO, DPAacro3HaBaeMyl0 BHPYCHBIMH Oell-
Kamu [24]. B xauecTBe mpuMepa Ha PHCYHKe CXeMa-
TUYECKU TPE/CTaBICHAa MOJIEKYJspHas penopTépHas
cucrema aist ooHapyxenus PHK-conepxammx perpo-
BupycoB (Hanpumep, HIV cemelictBa Retroviridae)
U BUPYcOB ¢ TeHomoM aByxuemnodeunoi JIHK (ma-
npumep, HAHV-1, 2, 3 u uuromeranoBupyc cemei-
crBa Herpesviridae) unu 4aCTUYHO ABYXUEMOYCYHO-
ro Bupyca rematutra B (cemeiictBa Hepadnaviridae).
PHK-conepskammue peTpoBUpYChl UMEIOT YHUKAIbHBIN
myTh penponaykiuu. [locie MpoOHUKHOBEHUS B KIETKY
reHetnyeckas nHpopmamus ¢ PHK stux Bupycos me-
penuceiBactca Ha JTHK mytém oOpaTtHO#l TpaHckpu-
UK. DTOT MyTh OCYIIECTBISIETCS C Y4acTHEM (epMeH-
Ta 00paTHON TPaHCKPUIITA3bl MIIH PEBEPTA3bl, KOTOPHIN
BHOCHUTCSI B KJIETKY B COCTaBe peTpoBUPYCcOB. BHOBBL
obpazoBanHas JHK mHTErpupyer ¢ KIeTOYHBIM T€HO-
MOM M B €r0 COCTaBe Y4acTBYET B 00pa3oBaHUU HHGOP-
marmonnoit PHK (uPHK), nHeoOxomnumon 1is cuHTe3a
BUPYCHBIX OenkoB. TpaHCKPUIIIMIO UHTEIPUPOBAHHON
JHK B cocraBe KJIETOYHBIX T€HOMOB (IEpENHCHIBa-
uue uHpopmaru ¢ JJHK na uPHK) ocymectBusier
JHK-3aBucumas PHK-nonnmepaza. Takum oOpa3zowm,
y PETPOBUPYCOB OTMEUAETCS] YHUKAJIBHBIM MyTh Hepe-
naun reHetudeckod mHpopmanuu: PHK — oOparnas
tpanckpunuusi — JAHK — tpanckpunuus — nPHK —
TpaHcisus — Oenok [14].

Paspabotka penoprépubix KJI BHec1a orpoMHBIi
BKJIaJl HE TOJIBKO B BUPYCOJIOTHYECKHE UCCIIEJOBaHMS,
HO U B IPOM3BOJCTBO BakuMH. HecMoTpsa Ha TO 4TO

penoprépubie KJI Tpebyror Hamumuust nabopartopuit
C OMNpeCNIEHHBIM YpPOBHEM OMO0E30MacHOCTH, Kak
BIIpoueM U Bce padboTsl ¢ KK, mo MHeHHIO psana aBTo-
POB, OHH MEHee TPYAOEMKH, YeM METOJ OJIIIKooOpa-
30BaHud [24, 25]. JIpyruM mpeuMyLIecTBOM TaKUX
KJI sBnsieTcst 6osee ObICTpOE UCCIIEIOBAaHUE BUPYCOB,
BKIIIOYAs OLIEHKY THUTPOB BUPYCHEHTPAINU3YIOMIHUX
AHTHUTEN ¥ aHTUBUPYCHOW aKTUBHOCTH, T.€. 3TOT Me-
ToJ TpeOyeT MEHBIIEro BpEeMEHH IJIsi OCYIIECTBIIEe-
HUS, & pe3ybTaThl MOTYT OBITh MOMyUYEHBl B TEUCHUE
1248 u [26]. [IpeumyiiecTBOM Takke SBIAETCA TOT
¢axkr, uro penoprépubie KJI moryt oOHapyXuTh He-
OoNplIOe KOMMYECTBO HWH(PHUIMPOBAHHBIX KIJIETOK.
Hanpumep, penoprépusie KJI nmnst Bupyca BeTpsiHOM
OCTIbl, OCHOBaHHBIC Ha AKTUBHOCTH Jitonnepaspl, MO-
T'YT UCIOJIB30BaThCs AJs BhisiBieHUS Menee 10 nngu-
LIMPOBAHHBIX KJIIETOK Ha obpaserr [27].

B Hactosmee Bpems pazpaboTaHbl MHOTOYHCIICH-
Hele penoptépHble KJI mid KyIsTUBHPOBaHUS pa3iny-
HBIX BUPYCOB, B TOM uuncie rpunmna A [24], renatura C
[28], ummyHoneduuuTa uenoseka [29, 30]. HexaBHo
CKOHCTPYUpPOBaHbI HOBBIE penopTépHble KJI mist kopo-
HaBupyca SARS-CoV-2, ocHOBaHHBIE Ha aKTHBHOCTH
PETOPTEPHBIX TEHOB, KOAUPYIOUIMX (DIyopecUueHTHBIE
Wik JroMUHECHeHTHbie Oenku. Ot KJI pexomen-
JOBaHbl AJsl Moucka 3()(EeKTHUBHBIX IPOTHBOBUPYC-
HBIX MpenaparoB, B YaCTHOCTH MHTUOUTOPOB BHpYycCa
SARS-CoV-2 [15, 31, 32].

Takum 00pazoM, pemnopTEPHBIE KIETOYHBIE CH-
CTEMBI MOAXOAAT KaK Jisi 6a30BBIX BUPYCOIOTUYECKUX
WCCIIeIOBaHUM, TaK W JJIsl TIOUCKA MPOTHBOBUPYCHBIX
npenaparoB. Kpome Toro, takue cHUCTEMBI NEpCIeK-
TUBHBI B IJ1aHe pa3pabotku HOBBIX KJI asist KynbTHBH-
POBaHMS BUPYCOB U CIY)KaT MCTOYHHKOM BBIICTICHUS
BUPYCHBIX aHTHUTCHOB C LEJBIO MOyYSHHsT BaKIMH IS
JKUBOTHBIX M YeJIOBEKa.

KnetouHble KynbTypbl B ANarHOCTNKe
BUPYCHbIX MH)EKLNA

HecmoTps Ha TO 4TO B OC/IETHUE OBl TEXHOJIO-
THYECKHE AOCTHIKEHUS, BKIIOUasi TUOPUIOMHBIC TeX-
HOJIOTUM W pa3paboTKy MOHOKIIOHAJIBHBIX aHTHUTE,
a TaK)Ke METO/I0B MOJIEKYJIIpHOM JMarHOCTUKH, ITPe1o-
CTaBWIM HaJ&KHbIE HHCTPYMEHTHI ISl OOHAPYKEHUS
BUPYCHBIX HH(EKIMIA, UX TUArHOCTHKA TPAJAULUOHHO
onupaercs Ha ucnoiaszoBanue KK. Uro kacaercs npu-
meHenus [II[P-mMeTona Kak OTHOTO M3 CaMbIX TOYHBIX
Y YyBCTBHUTEJIbHBIX B IMATHOCTUKE BUPYCHBIX 3aboie-
BaHUN, HEKOTOpBIE aBTOPHl OTMEYAIOT, YTO YYBCTBH-
TEIBHOCTh METOAA HMXKE TaKOBOM NpPH MPUMEHEHUH
KK nng xynbTUBMpOBaHHUS ONPEIEIEHHBIX BUPYCOB,
HalpuMep BUPYCOB KHLICYHBIX MHPEKUUH YeoBeKa
[33, 34]. Kpome Toro, meToasl Ha ocHoBe [11IP mo3Bo-
JISTIOT OOHAPYKUTB TONBKO BUPYCHBIH T€HOM, a HE KH-
BO BUpPYC, 3TH METOJIBI IOPOTHU U TPEOYIOT 3HAUUTEIb-
HOTO OIBITA, @ UX HCIOIb30BaHUE MOXET OBITH CBS-
3aHO C JIOXHOTIOJIO)KUTEIBHBIMU pe3yabraramMu [33].


https://ru.wikipedia.org/wiki/%D0%A4%D0%BB%D1%83%D0%BE%D1%80%D0%B5%D1%81%D1%86%D0%B5%D0%BD%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%91%D0%B8%D0%BE%D0%BB%D1%8E%D0%BC%D0%B8%D0%BD%D0%B5%D1%81%D1%86%D0%B5%D0%BD%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%91%D0%B5%D0%BB%D0%BA%D0%B8
https://translated.turbopages.org/proxy_u/en-ru.ru.2c94919a-64b9e045-d128eb9c-74722d776562/https/en.wikipedia.org/wiki/Hepadnaviridae
https://ru.wikipedia.org/wiki/%D0%A4%D0%BB%D1%83%D0%BE%D1%80%D0%B5%D1%81%D1%86%D0%B5%D0%BD%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%91%D0%B8%D0%BE%D0%BB%D1%8E%D0%BC%D0%B8%D0%BD%D0%B5%D1%81%D1%86%D0%B5%D0%BD%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%91%D0%B5%D0%BB%D0%BA%D0%B8
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[eHoM KneTok xo3amHa 5'  MpomoTtop/LTR

Penoptép 3' l'eHOM KneTok x03smHa
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transcription
mechanism
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TpaHcnaumm
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B KIeTkax Xo3siMHa
Reporter protein
translation
mechanism
in the host cells

PenopTtép

Reporter

MonekynsipHas penopTépHasi cuctema ansa obHapyxxennst PHK-cogepalumx peTpoBnpycoB U BUPYCOB C FEHOMOM
asyxuenoyveyHon [IHK. B HemHpurumpoBaHHbIX knetkax HeT cuHTesa MPHK ¢ BupycHoro npomotopa. Nocne nHduumposaHms
KMETOK HaYMHATCA TPaHCKPUMNUMA U TPaHCNAUMa penopTépHoro 6enka B NpUCyTCTBUM BUPYCHOTO Genka.

[eHOM 1N MUHUrEHOM KNETOK X035IMHa — COKpaLLleHHas BepCus BUPYCHOTO reHoma, cogepaiyas 3'- n 5'-KkoHueBble OCTaTKu reHoma,
HeobxoaMMble AN pennuKauum n TpaHckpunuum; npomotop — yyactok [IHK, oTBeTcTBEHHbIV 3a cBA3bIBaHWe ¢ PHK-nonnmepason;
LTR (long terminal repeat, ANWHHBIA TEPMUHAMNbBHBIN NOBTOP) — Y4aCTOK reHOMa, LIeHTP KOHTPOsi 9KCMPECCUn reHoB; penopTep — reH,
BCTPaMBaeMblii B FEHHO-VHXEHEPHYIO KOHCTPYKLIMIO U KOAVPYIOLLMIA HelTparbHble AN KNeTkn 6enku; TpaHcaKTUBaTOpHbIN 6enok — pery-
NATOPHbIV B6EnoK, y4acTBYOLMI B TPAHCKPUMILIMU BUPYCHOIO rEHOMa; MEXaHU3M TPaHCKpUNUMM penopTepHoro 6enka, ocyLecTBnsieMbin B
NPUCYTCTBUN BUPYCHOTO Gernka B KNeTkax Xo3sMHa; MexaHW3M TpaHCnsaumum penoptepHoro 6enka, ocyLlecTBNsSeMbI B NPUCYTCTBUW BUPYC-
Horo 6enka B kneTkax xo3suHa; Cap 5' — 5'-koHuUeBon ocTaTtok unu yyactok reHoma; 3' AAA mRNA — 3'-koHueBow octaTok nonu-A-obnactu
maTtpuyHon PHK.

Molecular reporter system for detecting RNA-containing retroviruses and viruses with a double-stranded DNA genome.
In uninfected cells, there is no MRNA synthesis from the viral promoter. After the infection of the cells, the transcription
and translation of the reporter protein begin in the presence of a viral protein.

Host cell genome or minigen(ome) — a minimal gene fragment containing 3'- and 5'-terminal genome residues necessary for replication
and transcription; Promoter/LTR — DNA site responsible for binding to RNA polymerase; LTR — long terminal repeat, genome site, gene
expression control center; Reporter — a gene embedded in a genetically engineered structure and encoding cell-neutral proteins; Host cell
transcription machinery — reporter protein transcription mechanism carried out in the presence of a viral protein in the host cells;
Trans-activating protein — regulatory protein involved in viral genome transcription; Host cell translation machinery reporter protein
translation mechanism carried out in the presence of a viral protein in the host cells; Cap 5' — 5'-terminal residue of genome;

3' AAA mRNA — 3'-terminal residue of poly-A region of matrix RNA.

[Ipocroe oOHapyxkeHHE BHpyca C HCIOJB30BAHMEM U OOHAPY)KEHUH MPUUYMHHO-CICACTBEHHOU CBS3H C 3a-
MOJIEKYJISIPHBIX METO/IOB — 3TO TOJIBKO HEpBbIi mar;  OoneBanuem [34].

HEOOXOAMMO ONPEACIUTh, CBA3aH JH WIACHTUDULU- KK mupoko npuMeHSIoT Ui MOJy4YeHHUs] MOHO-
pOBaHHBIM BO30yAUTENb C 3a00J€BaHUEM, YTO MOKHO  KJIOHAJIBHBIX aHTUTEN, HCIOIb3YEMbIX IIPH pa3padoTKe
BBIIBUTH TOJBKO ¢ moMolnbio KK, Ha3piBaeMoil aBTO-  TMAarHOCTHYECKHX TECT-CUCTEM W MPEACTaBISIONINX

paMH «30JI0TBIM CTaHJApTOM» B BBISBICHHHM BUPYCOB  TEPCIEKTHBY AJs1 Tepanuu nHpekumid. Tak, paspabo-
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TaHbI TECT-CUCTEMBI IS TMarHOCTUKU BUPYCa IPUIIa
A u B, Bupyca uMmyHone(duIMTa YeIOBEKa, BUpyca
IIpOCTOro reprieca, BupycoB renaruta A, B u C, SARS-
CoV-2, Bupyca kienieBoro sHiedaiura, IuToMeraio-
BHpYCa, BHUPYyCa KpPacCHYXH, PECIUPaTOPHO-CHHIIUTH-
anbpHOTrO BUpyca u zp. [34-37].

Takum 00pazoM, OTBeyas Ha BOIPOCHI, TOCTaB-
nennsle D.S. Leland u coaBT.: «sBIs€eTCs JIM BBLIEIIE-
nue BupycoB Ha KK Bce emé mone3HbpIM MOAXOAOM B
JMarHOCTHKE BUPYCHBIX MH(peKkuuii?» u «oymyt mu KK
B Oy/lyIlIeM MPUMEHSTHCS B JTAOOPATOPHOMN AMArHOCTH-
yeckoil Bupycoioruu?y [38], MOXKHO cMeno NaTh yT-
BEPAUTEIBHBIN OTBET.

KneTouHble KyJnbTypbl B pa3pa60TKe BaKUuuH
N neKkKapCTBeHHbIX NpenapaTtoB

BaxnbpiM acrektom npumenenuss KK sapnsercs
BakuuHonorus. KK ncrnonb3yroTces B kauecTBe cydcTpa-
Ta JJIs IPOU3BOJCTBA KyJAbTypajbHBIX BakIMH. Pa3pa-
0aTbIBAIOTCS AM3aWHEPCKUE JIMHUU U MPOU3BOACTBA
MIPOTUBOBHUPYCHBIX BakuMH [39]. C mcnonb3oBaHuEM
KK nomny4ensl paziauuHble BaKLIMHBL, B TOM YHCIIE MPO-
THUB BHPYCOB IIpocToro repuneca-1, 2 u 3, remarura B,
KpacHyxH, Tpumnia A u B, kiemesoro sHuedanura, no-
JIMOMUENNTA, KOpH, TapoTuTa u ap. [14, 39—41].

B HMHcTUTyTE NONMOMUENUTA U BHUPYCHBIX 3H-
uepanmutoB uM. M.II. YymakoBa pa3zpaboTana >kuBas
MOJIMOBAKIIMHA Tpex TUMNoB Ha mnepBuuHblx KK mo-
4yek 00e3baH. MccnenoBana pernponyKius BaKIIMHHBIX
mramMMoB JI-16 Bupyca xopu u JI-3 Bupyca mapotuta
Ha KJeTKaxX JUHUU M-22, 4yTO OTKPBIJIO MEPCIEKTHBbI
JUISL CO3/IaHUS OTEUECTBEHHOM TpUBaKIUHBL. C UCIIONb-
30BaHHEM JIHHUU M-22 1 JCHUHTPAJACKOTO BAKIIMHHOTO
mramma «Opino-/I» pazpaboTana nepBas OTeUeCTBEH-
Has BakLUHa MPOTUB KpacHyxu. COTpyqHUKaMH 3TO-
ro HMU paspaborana HoBas nuHUs 4647 Ha OCHOBE
MOYEK 3eJIEHBIX MapTHILICK, UIACHTHUYHAS 3apyOe:KHON
TUHAU Vero (3MUTenuii MoYKH apUKaHCKON 3enEéHOn
MapThIIIKH), IPUTOHAS IS BBITyCKa Pa3IMYHBIX Bak-
LIMH, TIPOM3BOJAUMBIX B HacTtosiee Bpems B Poccum.
Ba)xHbpIM MONIOKUTETHHBIM KaueCTBOM JIMHUU 4647 sB-
JIeTCs IUPOKUN CIIEKTP YyBCTBUTENBHOCTH K BUpyCaM
MIPAKTUYECKU BCEX TAKCOHOMHYECKUX rpymil. C NCOIb-
30BaHHEM 3TOH JINHUM PUTOTOBIEHBI SKCIIEPUMEHTAIIb-
HBIE CEpPUHU BaKLUHBI IPOTUB BUpYyca OCIICHCTRa, a Tak-
K€ MepBasi B OTEYECTBEHHOM NMPAaKTHUKE BaKIMHA POTHB
BHpYyCa remnarura A, sKCIiepuMeHTaIbHbIE CEPUH BaKLIMH
MIPOTHUB BUPYCOB KJICHIEBOTO SHIIE(ANTa, HATYPATbHON
ocnel U Ap. [42]. JIns momydeHus: mepBoi OTedeCTBEH-
HOM NPOTUBOIEpIIETUYECKON BaKLMHBI «BUurarepnaBak»
pa3paboTana W oOxapakTepu3oBaHa IO TpeOOBAaHHAM
BO3 Bakiunnas nunus kietok Vero (B) [43].

KK Mnexonutammux Takke MPUMEHSIOT TS BbI-
JICJIEHUS] BUPYCHBIX AHTUIEHOB C LENbIO IMOJyYeHUs
JHK-Bakiun. B stom cinyuae Bakiuaable KK momy-
YaloT MPH UCIOJIb30BAHUU TEXHUKH PEKOMOMHAHTHBIX
JHK u BextopoB sxcnpeccun a1 KK. Beimyck Kyinb-

TypaJIbHBIX ¥ TeHHO-WH)KEHEPHBIX BAKIKH CBS3aH C MO-
JydeHueM OoJbIINX 00bEMOB BHUpYCa, B CBA3U C YEM B
HacTosIee BpeMsl JJIsl UX MPOU3BOACTBA IPUMEHSIOTCS
ouopeaxropsl. B pabdote Z. Fang u coasr. npeacrasie-
HBI [IMPOKUE BO3MOXKHOCTH HCIOJIB30BAaHHUS OHOpeaK-
TOPOB IS TIOYYCHUS BAKIMH U CIEJAHO 3aKIIOUCHHE
0 TOM, 4TO OMOpPEaKTOpPhl CIOCOOHBI 00eCIeUnTh Ooliee
MacIiTabHOEe M IKOHOMHUYECKH 3(P(EKTUBHOE MPOU3-
BOJICTBO BaKIMH JUIS YIOBJIETBOPEHHS IIOOATIBHOTO
cripoca 31paBooxpanenus [44].

Cucremsbl skciepuMeHTanbHBIX Mozenet Ha KK
NPUMEHSIOTCSl TaK)KEe Ha JTanax JOKIMHUYECKHX HC-
MBITAHUN JJI TOJATBEPXKACHUS 0€30MacHOCTH, 3¢-
(EKTMBHOCTH, CTaHAAPTU3ALMH U BAIMAALUN HOBBIX
JIEKapCTBEHHBIX CPEICTB, B YACTHOCTH IIPOTHBOBUPYC-
HBIX TIPENaparoB, a TaKKe OMOJOTHMYECKH aKTHBHBIX
BEIIECTB, KOCMETUYECKUX CPEJCTB M MUIICBHIX J00a-
BOK [45—49]. OTMeuaeTcs, 4TO UCIIOIB30BAHUE Pa3Iny-
Hbix KK B KauecTBe TeCT-00bEKTOB CIIOCOOCTBYET BbI-
0Opy HawIydIled CUCTEMBI JUIsSi ONITUMAIIBHOM OLICHKH
HOBBIX (PapMaKOIOTHYECKHX, JICYEOHBIX U KOCMETHYe-
ckux cpencts [50, 51].

KneTtouHble KynbTypbl AnAa N3y4yeHunA
MMMYyHONaToreHe3a BMPYCHbIX I/IH(I)EKLI,I/II‘/'I

KK Takxke cmyar JUisl pellleHrs HE MEHEee Bax-
HOM 3a7ja4¥ — KCCIJIEZIOBaHUS BIUSHUS BUPYCOB Ha UM-
MYHHYIO CHUCTEMY MaKpOOpPIraHHW3Ma WM MEXaHHU3MOB
WMMYHOIIAaTOTeHE3a BUPYCHBIX HMHQEKIHUHA, a TakkKe
MEXaHU3MOB CHHTE3a IUTOKUHOB. B kauecTBe mpumepa
MOKHO TPHUBECTH MCCIEJOBAHHE MEXaHU3MOB HMMY-
HOIIaTOTeHe3a HOBOW KopoHaBupycHoi nHpekuuu. I1o-
CKOJIBKY KJIETKHM Vero, KOTOPBIE SBISIOTCSA CTaHAAPTHOU
KyasTypoit uist BelpamuBanust SARS-CoV-2, e ume-
10T reHoB IFN tuna [ ¥ He MOryT MCIIONb30BaThCs AJIs
aHanu3a MPOAYKIIMHU IUTOKKMHOB [52], B mouckax moj-
XOJSILEH CUCTEMBI i1 Vifr0 MPOTECTUPOBAHO HECKOJIBKO
IFN-komnerenTHbIX KJI uenoBeka B OTHOIIEHUHU 3TOTO
BUpyca. B pesynwrare psja ucciieoBaHuil 0ToOpaHbI
kieTky TuHuKr Caco-2 (3MUTENINONON00HAs IMHUS Kile-
TOK aJICHOKapIIHHOMBI 000I0YHOM KHUILKK YeJOBeKa) U
HEK 293 (KJI nouek 3MOpHOHa YenoBeKa) Kak moses-
HBIE€ CUCTEMBI JUIs u3ydeHus Bnusaus SARS-CoV-2 na
HE3aBHCHMYIO OT UMMYHHOM CHUCTEMBI HHIYKIHIO LU~
TokuHOB [47, 48, 53]. M. Spiegel u coaBT. ycTaHOBUIIH,
4t0 BUpYC SARS-CoV-2 criocoOeH 3HaunTeINbHO Moj1a-
BJISITh IPOTUBOBHUPYCHBIA LIUTOKWHOBBIA OTBET MH(DU-
LIUPOBAHHBIX KJIETOK [54]. OIHAKO MHIYKIUS XEMOKH-
HoB [P-10 u IL-8 u3beraer nogasnenuss SARS-CoV-2 B
knerkax Caco-2, Ho He B HEK 293. Ha ocHoBaHuu 3TUX
WCCJIEZIOBaHUI aBTOpaMHM CAETIaHO 3aKII0YEHHE O TOM,
9t0 SARS-CoV-2 3¢ pexTnBHO OI0KUPYET MEXaHU3MBI
BpPOXK/IEHHOTO MMMYHHUTETA KJIETOK-XO35€B HAa OYEHb
paHHEW cTaguu 3apakKeHUs, BBIUTPBIBAas BpeMs I
KOJIOHM3aLlMU XO35MHA. DTU JIaHHbIE OOBSCHSIIOT, Kak
OBICTPBII POCT TUTPOB BHpYCa Ha HAayaJIbHOW CTaIuH
3a00NeBaHMs, BBI3BAHHBIA IMOJABICHHEM MNPOLYKLUHU


https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D1%87%D0%BA%D0%B0_(%D0%B0%D0%BD%D0%B0%D1%82%D0%BE%D0%BC%D0%B8%D1%8F)
https://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B8%D0%B2%D0%B5%D1%82
https://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B8%D0%B2%D0%B5%D1%82
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MPOTUBOBUPYCHBIX LIUTOKHMHOB U TPOTPECCHPYIOLIEH
MHQUIBTpaLel UMMYHHBIX KIETOK B MH(UIUpPOBaH-
HBIE JIETKUE, CBSI3aH C BBHIPAOOTKOW XEMOKWHOB MH(DU-
IMPOBAHHBIMU TKAaHEBBIMH KJIeTKaMu [54]. YuuTsiBas,
4TO B MATOr€HE3¢ HOBOW KOPOHABUPYCHON MH(EKIUH
MMEeT MECTO AaKTHBAlMi LUTOKHMHOB, HPUBOZSIIIAS
K SHIOTENUANbHOW AMCHYHKUUH, CHOCOOCTBYIOLIEH
MPOKOAryJISIHTHOMY COCTOSIHAIO M TpomMOooOpa3oBa-
HUIO, uccienoBaHo BiausHue SARS-CoV-2 Ha ypoBeHb
MPOBOCHAINTEIBHBIX IUTOKWUHOB, XeMOKHHOB M TKaHe-
BOTO (haKTOpa y YeIOBEeKa C HCIOIb30BAaHUEM KYJIBTYPBI
MHUKPOCOCYANCTBIX IHIOTEINAIBHBIX KIETOK YeloBeKa
(HMEC-1). M. Dolci u coaprt. mokazanu, yto HMEC-1
in vitro noaBepxeHbl HHQUUUpoBanuio SARS-CoV-2
U CHOCOOCTBYIOT aMIUIM(UKALIMKA BHPYCa, KOTOPHIHA B
CBOIO OY€pe/lb MOXET BBI3BaTh YBEIMUYEHHE NMPOAYLH-
pyeMBbIX Menuaropos [55].

KnetouHble KynbTypbl B 6noTexHonornyecknx
pa3paboTkax

B Hamem 0030pe paccMaTpuBaIOTCS TPAIAMIIU-
onHble MoHOcHoHbIE (2D) KK. Onnako B 2D-KK He-
BO3MOXHO BOCIIPOM3BECTH KJIETOYHOE MHKPOOKpYKeE-
HUE, KOTOPOE CYLIECTBYET in vivo. KynsTuBupoBaHue
KJIETOK B TpExMepHOM mpocTpancTBe (3D) crmocobHo
ycrpanuTh 3T orpannueHusa. 3D-KK oObiuHO BBIpa-
HIMBAIOTCS B OMOPEAKTOPax, B KOTOPBIX KIETKH MOTYT
npeBpamarsesi B 3D-kinerounsle KonoHUH. 3D-Kyib-
TUBUPOBAaHUE BKIIIOYAET MHOTOYHMCIICHHBIC THIIBI Kie-
TOK U TKaHEH, KOMIIOHEHTHI cpelbl U OHOXUMHUYECKOE
MHUKPOOKpYKEHHE B UX B3aumozeicTBuu. CylecTByeT
MHOXKECTBO TIaT(OpM, MCIOIb3YEMBIX AJIS BBIpAIH-
BaHHA 3D-KIETOUHBIX CTPYKTYp, BKJIIOYAs pa3IHyHbIC
CHCTEMBbl KapKacoB, TaKMX Kak TBEPABIE WM THIPO-
resieBble MaTpHIlsl [56]. B kauecTBe mpumepa MOXKHO
NPUBECTH YIIIEPOJHbIE HAaHOTPYOKH, HCIIOIb3yeMbIe
B TKAHEBOW MH)KEHEPHUHU B POJIM KapKacHOTO MaTepua-
na gy 3D-KynbTHBUPOBaHUS KJIETOK, MOCKOJIBKY OHHU
MUMEIOT T€OMETPUYECKH OU3KYI0 CTPYKTYpYy C KOJUIa-
TEHOM — OEJIKOM COEAMHUTEIbHON TKaHU JKUBOTHBIX.
OTOT Marepuas crocoOeH CO3[aTh COOTBETCTBYIOLIEE
MHUKPOOKPY>KEHHE KJIETOK, o0ecrneunBasi ux nponude-
paumto u guddepenuuposky [57]. Llupokoe mpume-
HEHHE B CO3JaHUU OMOMH)KCHEPHBIX T'HIPOTEIIEBBIX
KapKacoB TONXYYMJIM MPHUPOJHBIE OHOMOIUMEDPHI U3
MOPCKHX THIPOOHMOHTOB, MO3BOJISIIOIINE MaKCUMallb-
HO MMWUTHUPOBaTb CTPYKTYpPYy U CBOMCTBA TKaHEH H
OpraHoOB W cO3/1aBaTh ONM3KOE K HATypajlbHOMY Kile-
TOYHOE MUKpOOKpykeHue [58]. Takue kapkacwl cro-
coOCTBYIOT 3(()EKTUBHOMY 3aCEJICHHIO CTBOJIOBBIMU
KJIETKaMl M HUX IU(PPEepeHIUPOBKE B HY)KHBIC THIIBI
KJIETOK C IEJIbIO MOCIIEAYIOIIETO CIIOIb30BaHus B 3a-
MECTUTEIILHOM U KIIETOYHOU T€paluu, PEKOHCTPYKLIUH
pa3NUYHBIX TKaHEH M OPTaHOB, YTO SIBISETCS OJHHUM
U3 NEPCIEKTUBHBIX HANpaBICHUH B OMOTEXHOJIOTUH C
ucrnoab3oBanueM KK [10, 59—61]. G. Varan u coaBT.
MOMYEPKUBAIOT BAXKHOCTH UCIIONIb30BaHus 3D-MeToA0B

REVIEWS

KyJABTUBHPOBAHMS KJIETOK IJIsi M3yYeHHs IaToreHesa
WHQEKIIMOHHBIX 3a00NeBaHUN U I XapaKTePHUCTUKU
HOBBIX BaKI[MHHBIX Ipernaparos [41].

3aKknioyeHuve

Takum 00pazom, BozmoxkHocTH pumenenust KK B
BHPYCOJIOTHHM BecbMa pazHooOpa3Hbl. Vcnonb3oBanue
KK B Hacrositiee Bpems 1 B Onmkaiiiell nepcreKTuBe
OCTaE€TCS OIHUM M3 BaXHEHIINX METOI0B B BUPYCOJIO-
UM U Ha MPOTSHKEHUU JECATHIETHI paccMaTpuBaeTCs
KaK «30JI0TOW CTaHAapT» Uil JIa0OpaTOPHOM JHUAarHO-
CTHKH BUPYCHBIX 3a00J1€BaHHH.

OueBunnel npenmyinectsa KK kak skcnepumen-
TaJbHBIX CHUCTEM in Vifro TIO CPaBHEHHIO C HCCIIEAO-
BaHUSAMU HA XUBOTHBIX i1 ViVo: PE3yNbTaThl SKCIEpU-
MEHTOB, TPEOYIOIIMX UCIIOIB30BaHUS OOJBILIOTO YHCIIA
71a00paTOPHBIX >KUBOTHBIX WM KypUHBIX 3MOPHOHOB
1 coOMoAeHNs ONPENeNEHHBIX STHYECKUX HOPM, MO-
IyT OBITh C aHAJOTMYHOM CTaTHCTHYECKOH AOCTOBEp-
HocTbto nonydeHsl Ha KK. Kpome toro, knerku B KK
MOTYT OBITH TOJBEPKEHBI BO3ACHCTBUIO TOKCHHOB,
TOPMOHOB, PaJMOAKTUBHBIX BEUIECTB B JIIOOBIX KOJIU-
YecTBaxX U Ha JII0OOH Mepuo] BpEMEHH.

C npuMeHEeHHEeM METOJ0B MOJIEKYIISIpHOI OnoIo-
MU TOBBIIICHB! YyBCTBUTEIBHOCTD M CIEUUPHUUYHOCTh
KK nns onpenenéHHbIX BUPYCOB IyTEM T'€HEpaLluy pe-
noptépubix KJI. PazpaboTka HOBBIX penoptépubix KJI
B COYETAHUU C MOJIEKYJIIPHBIMU METOJJaMH AMAarHOCTHU-
KH SABJSIETCS MHOTOOOCHIAIONIMM WHCTPYMEHTOM ISt
BBISIBIICHHUS CYILIECTBYIONIUX, a TAK)KE HOBBIX HEM3BECT-
HBIX BUPYCHBIX HH()EKIHUH.

IIpumenenue uyBctBuTenbHbIX KK mpencrasnser
Ype3BbIYAHYIO BAXKHOCTb AJIs U3Yy4EHHS IMMYHOTIaTO-
reHe3a BUPYCHBIX MH(eKUui u npu pa3paboTke moaxo-
JIOB JJIsl JIGUEHUsI BUPYCHBIX 3a00JI€BaHHA, 8 TAKKe AJIS
pa3paboTKH HOBBIX JIGKAPCTBEHHBIX TPOTHBOBHPYCHBIX
[penaparoB U AWaTHOCTUYECKUX TecT-cucteM. Ocoboe
BHHUMAaHHE CJIEAYET MPHU 3TOM YIAEJATh U3YUEHHIO BUPY-
COB C BBICOKOI CTENEHBI0 M3MEHYMBOCTH I'€HOMa, Ta-
KMX KaK KOpOHaBUPYCHI, BUpycsl rpumnma, BUY u np.,
CHOCOOHBIX MPUBOJHUTH K SMHUIAEMHUSM. DTO KacaeTcs
HE TOJBKO BHPYCOB, HHQHULIUPYIOINX YEIOBEKa, HO U
BHUPYCOB, TATOT€HHBIX JUIS dKUBOTHBIX U CEJIbCKOXO035M-
CTBEHHBIX PaCTCHUIA.

Kpome Toro, BO3MO)KHOCTh HakoIUIEHUS BHpyca
B BHJE KYyJBTYPaJbHOH >KUIAKOCTH TPH COOIIONCHUU
IIOJIHOM €€ CTEPUIILHOCTH B OTHOLIECHUH ITOCTOPOHHEU
¢iopsl mpeAcTaBigeT 0coOyl0 BaXXHOCTH IUIS pas3pa-
0OTKM BakUMH. B pe3ynprare moiay4eHbl MHOTOYHCIICH-
HbIE BBICOKO3()()EKTHBHBIE BaKIIMHHBIC TIpEaparhl s
MpoGUIAKTHKA BUPYCHBIX HHEKIHA.

Ucnons3ys KK, MoxxHO oXapakTepu3oBaTh CBOM-
CTBa BUPYCOB, 00€CIEYUTh HEMPEPHIBHOCTH KOHTPOJIS
3a pa3BUTHEM UH(EKINOHHOTO MPOLECCa, YTO YPE3BBI-
YaifHO Ba)KHO MpPHU pa3pabOTKe MOAXOIOB K JIEUCHUIO
HOBBIX BUPYCHBIX 3a0oseBanuii. Kpome Toro, mopdo-
Jorusi BUpPYcoB, BeIpamieHHBIX Ha KK, moxer ObITH
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W3y4YeHa C IOMOIIbIO BJIEKTPOHHOM MHUKPOCKOIIHH.
Pennukauus Bupycos B KK takke obecrieunBaet momy-
YeHUE KIMHUYECKOTO U30JIATa, KOTOPhIM MOXET OBITh
WCTIOJIb30BaH Ui JIOMIOJHHUTENLHBIX HMCCIIEAOBaHUH,
TaKUX KaK U3y4yeHHE B3aUMOJICHCTBUSI BUPYCa U KJIETOK
XO0351MHA, aHTHBUPYCHOM aKTHMBHOCTH, CEPOTUIIMPOBa-
HUE, SMHUIEMHOJIOTHYECKas OLEHKa, a TaKkke Moapo0-
HOE€ M3yYeHHE CTPYKTYpPbI BUpYyCa, CTaIuil 1 MEXaHU3-
MOB €r0 PETUTHKAIIH.

KK Ttkaneill Takke MCHOIB3YIOTCA B I[UTOJIOTHUH,
THCTOJNIOTUH, (U3HOJIOTUHM, T€HHOW HWHXCHEPUH, OH-
KOJIOTUM, OuoTexHOoNoruu. B Hacrosimee Bpemsi oT-
KpPBIBAIOTCS HOBBIE IIEPCIICKTUBHBIE BO3MOXKHOCTH
ucnons3oBanusi KK B coBpeMeHHBIX 3((EKTHBHBIX
OMOMEIUIIMHCKUX TexHonorusx. OnHuM u3 Hauboliee
MEPCIEKTUBHBIX HAaIlpaBlIeHUl B OMO- M HaHOTEXHO-
JIOTHH SIBIISIETCS PEKOHCTPYKLUS PAa3TUUHBIX TKaHEH 1
opranoB. B cuiny orpannueHHOro 0o0bhEmMa 0030pa MbI
0XapaKTEepHU30Balld OCHOBHBIE BO3MOKHOCTH HCIIOJIb-
3oBanusi KK B BHpYCOJIOTHHM U JHIIbL YIIOMSHYIHA OHO-
TEXHOJOTMYECKHE U APYrHe MEePCHEKTUBHBIC acTEeKThI
WX IPUMEHEHUSI B METUIIMHE.
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Mamartun bopuca Casenbesnuya Hapoguukoro
(20 ceHTA6pAa 1941 ropga - 10 aHBapa 2024 roga)

He crano bopuca CasenseBnua Haponuikoro. On
ymén mnocne ToxENol Gone3Hu Ha 83-M Trofy KHU3HH.
I'maBHbBIN Hay4HBINA COTPYIHUK, 3aBENYIOLIUN OTAEIOM
TCHETHKH U MOJIEKYIISIpHOM Ouonorun 6akrepuit Ham-
OHAJILHOTO HMCCIIEN0BAaTENbCKOTO EHTPa 3MUIEMHOIIO-
TUM ¥ MUKPOOHOJIOTMM MMEHH MOYETHOIO aKaJeMHKa
H.®. I'amanen Munsapasa Poccun, 3amecturens au-
pexTopa o Hay4yHoi pabore MHCTUTYyTa BUPYCOIOTHH
uMm. J.M. MIBaHOBCKOTO, NOKTOp OHMONOTMYECKUX Ha-
VK, npogeccop, naypear npemMuu CoBeta MUHHCTPOB
CCCP.

B rtenerpamme cobone3HOBaHMS, HANpaBICHHOM
Munuctpom 3apaBooxpanHenus Pocculickoit Denepa-
i M.A. Mypariko, bopuc CasenseBrny Hapoauuxmuii
Ha3BaH YEJIOBEKOM, BCSA JKU3Hb W TpPYyHOBas JesTElb-
HOCTB KOTOPOT'O OBLTH MIPUMEPOM BBICOKOTO IIpodeccu-
OHAJIM3Ma U BEPHOCTU METUIIMHCKON HayKe.

C umenem bopuca CaBenbeBuua CBsI3aHbI IIEPBbIE
B Poccun nccnenoBanus 1o co3gaHuIo U MCTIONB30Ba-
HUIO aJICHOBUPYCHBIX BEKTOPOB B II€JIsIX T€HHOM Tepa-
UM U pa3paboTKH BaKUMHHBIX IpenaparoB. BeHiom
3TUX MHOTOJIETHUX HCCIIEI0OBAaHUN CTANIO CO3/IaHUE MO
€r0 pPyKOBOACTBOM YHHMBEPCAIILHON TEXHOJIOTMYECKOU
iaTGopmMbl PEKOMOWHAHTHBIX aJICHOBHUPYCHBIX BEKTO-
POB, peaJin30BaHHON B pa3paboOTKe Ha ¢€ OCHOBE Bak-
OUHBI TIPOTUB TeMOpparnveckor Juxopaaku J0ona u
IIEPBOM B MUPE BaKLIMHBI IIPOTUB HOBOI KOPOHABUPYC-
Hol nHpekuun «CIyTHHK V».

bnaronaps nuonepckum uccnenosanusm b.C. Ha-
poAMLIKOTO OBUTH OTPabOTaHBl TEXHOJIOTUU HATPaBIICH-
HOH MOOM(HKALUK BUPYCHBIX BEKTOPOB, IO3BOJISIO-
el OCYIIECTBISATh TKaHECTIEUU(PHUUECKYIO TOCTaBKY
Y DKCIIPECCUIO TEeHETUYECKO NH(POPMALH B KIIETKaX.
Pesynbrarel copmMupoBagn OCHOBY Ajisl pa3pabOTKh

MPUHIUIKAAIEHO HOBBIX BakIMH NPOTUB rpuma, Oe-
LICHCTBA, CUOMPCKOW S3BBI, TyOEpKyné3a, CpeACTB Ha
OCHOBE€ MUHHU-aHTHUTEN Ul MaCCUBHOW MMMYHH3AINH
MIPOTHB BUPYCHBIX M OaKTEpUANBbHBIX WHPEKIHH, Mpe-
MapaToB Ui JIeYeHUs] OOKOBOTO aMHOTPO(UUECKOro
CKJIEp03a, XPOHHUYECKOW HIIEMUH HMKHUX KOHEYHO-
CTCH, TOKCUUYECKHUX COCTOSHHUM, BHI3BIBACMBIX XHMHO-
Tepanueidl. MHOTOUYHCIIEHHBIE pellieHns] Y4EHOTO B 00-
JIaCTH CO3/AAaHUS BEKTOPHBIX CUCTEM JIOCTaBKU FEHETHU-
YeCKOM WH(OPMAIMK CITy’KaT CErofHsl (yHIaMEHTOM
TEXHOJIOTUU TIOJHOMACIITAOHOTO (hapMaIleBTUYCCKOTO
[IPOM3BO/ICTBA, HAIPABIEHHOTO HA BBHITYCK HOBBIX UM-
MYyHOOMOJIOTHYECKHX TPEenapaToB, KOTOPHIE, KakK, Ha-
puMep, BaKIMHBI NpoTuB obonoueynsix PHK-conep-
JKaIllUX BHPYCOB, MOTYT CO37aBaThCsl B Kpardaiiue
CPOKH.

Bopuc CasenveBuu ponuics 20 centsiops 1941 r.
B CBepanoBcke, B 1963 1. okoHuns MockoBckuil rocy-
JIapCTBEHHBIN Nearornyeckuid MHCTUTYT uM. B.1. Jle-
HUHA 10 CIEHUaJbHOCTH «OWOJOTHS W XUMHUIY,
B 1969 r. mon pykoBoxctBoM mpodeccopa T.M. Tuxo-
HeHko B MHctutyte BHpyconoruu uM. .M. MBaHOB-
ckoro AMH CCCP 3amutun KaHIuAaTCKyl0 TUCCEp-
tanuio, B 1989 1. emy npucyxiaeHa y4yéHasl cTeleHb
JOKTOpa OHMoNornueckux Hayk, B 1994 1. mpucBoeHO
yuéHoe 3BaHHe mpodeccopa.

TpynoBoit u TBopueckuil myts bopuca Casenbe-
BHMYa BKIIIOYAl MHOTHE roabl paborel B MHcTHTYyTE
Bupycosoruu uM. .M. MBanosckoro AMH CCCP u
BHUMU cenbckoxossiicTBeHHOM OnotexHonoruu. B Ha-
LIMOHAJILHOM HCCJIEJOBATENIbCKOM LIEHTPE 3MUIEMHO-
JIOTMU U MUKPOOHMOJIOTMH MMEHH TOYETHOTO aKaJeMu-
ka H.®. I'amanen MunzapaBa Poccun oH paboran c
2002 1., ¢ 2004 1o 2017 1. ObLI 3aMECTUTENIEM JTUPEKTO-
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pa LeHTpa 1o Hay4Hoi padore. Jlo caMoro mocieaHero
BPEMEHM OCYILECTBIIST HAyYHOE PYKOBOJICTBO OCHOB-
HBIMU HaIpaBICHUSIMHU HCCIIEOBaHUH J1a0opaTopui,
WCTIONIB3YIOIINX B CBOEH pabOTe aJeHOBUPYCHBIC BEK-
Topsl. EMy npunaanexut 6onee 200 HaydHBIX TPYIOB,
BKJTIouas 2 MoHorpaguu, 15 aBTOPCKMX CBUAETEIHCTB
u Oonee 60 mareHTOB Ha M300peTeHHUs, 6 U3 KOTOPHIX
BKJTIOUEHBI B tepednu « 100 myummx nzoopetenuii Poc-
cum» U «10 myummx m3obperenuiit Poccum». Paboter
OTMEUYEHBI JUILNIOMOM npemuu uMenu H.D. ['amaneun
PAMH u npemueit «IlpusBanue».

3acnyru bopuca CasenpeBuua Haponuikoro me-
pel OTEUYECTBEHHOW MEIULIMHCKON HAyKOW W 3/IpaBo-
OXpaHEHHEM OTMeudeHbl opAeHoM [louéra, mMemansaMu
«3a 3aciyru mepea OTEYEeCTBEHHBIM 3/]paBOOXpaHe-

HueM» H «B namate 850-netuss MockBbly, [louérHoit
rpamoToii Munzapascoupaszsutust Poccun, Gmaronap-
HOCTbI0 MuHuCTpa 3apaBooxpaHenus Pocculickoit de-
Jiepalu.

Bynyun mo npu3BaHUIO MENaroroM M HACTaB-
HUKOM, OTJIMYasCh TIIYOOKMMH 3HaHUSIMHU, OOraTbIM
ONBITOM U HECOMHEHHBIMHU JIMJIEPCKUMHU KaueCTBaMH,
bopuc CaBenbeBud BOoCHHUTAN IUICATY TaJaHTIUBBIX
MOJIOZBIX CHEIUAINCTOB, KOTOPHIE CMOTYT JOCTOHHO
MPOJOIKUTH JIEJI0 CBOETO BBIIAIOIIETOCS YUUTEIS.

Konnexmue Hayuonanonozo
UCCNIe008aMENbCKO20 YEHMPA INUOEMUOLOSUU

U MUKPOOUONO2UU UMEHU NOYEMHO20 AKAOEMUKA
H.®. I'amaneu, pedaxyuonnas xonnecus KMOIU
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WHOOPMALUA
BCEPOCCUNCKOTO HAYYHO-MPAKTUYECKOTO OBLLECTBA
3NUAEMUOJIOroB, MUKPOBNOJIOIOB 1 MAPA3UTOIOrOB

MNnaH 3acepgaHnin

Cekuum Bupyconorum MocKkoBcKkoro otaeneHus
Bcepoccuinckoro oéuecTsa annagemMmnonoros, MMKpo6uonoros
M napa3suTtonoros Ha | nonyroaune 2024 roga

MecTo npoBegeHus:

koH(epeH-3a1 UactutyTa Bupyconoruu um. J.1. IBaHOBCKOTO

OI'bY «HauuoHanbHbI HAyYHO-UCCIEA0BATEIIbCKUN LIEHTP MU AEMUOIOT MU
Y MUKpPOOHOJIOTHH UMEHH ToueTHOTO akanemuka H.®. ['amanen»
Mumnsnapasa Poccun, . Mocksa, yi. ['amanen, a. 16, ten.: +7 (499) 190 30 59

14 dpeppans 2024 . Hosblii B3r1a1 Ha Bupyc renaruta C M BO3MOKHOCTh OTPaHUYEeHHUs BUPYCHOTO
Hayaio B 13:00 renatura C

Joxnaouux: Hukonaesa JI.M. — noxTop OMONIOTHYECKUX HAYK, BEIYIIHA HAYYHBIA CO-
TPYIHUK JTa00OpaTOPUH TeHHO-UHKEHEPHBIX NpenapatoB MHCTUTYTa BUPYCOJIOTHH
uM. JI.1. UBanosckoro npu OI'BY «HULIOM um. H.®. 'amanen» Munznpasa Poccuu

13 mapra 2024 1. ONuaAeMUOI0THYecKH 3HAYMMble peciipaTopHbIe BUPYCHbIE MATOreHbI
Hawaso B 13:00 Jloxnaouux: Byprea E.M1. — 10KTOp MEIUITMHCKUX HAyK, PYKOBOIUTEIb

J1a00PaTOPUK STHOJIOTMU U UICMHOJIOTUU TpHUIna MHCTUTYyTa BUPYCOIOTHH
uMm. JI.1. UBanoBckoro ®I'bY «HUIIOM um. H.®. 'amaneny» Munznpasa Poccun

3 anpens 2024 . Oco0eHHOCTH COBPEMEHHOI TAKCOHOMUM BHPYCOB

Hauano B 13:00 Hoxnaoyux: Anbxosckuii C.B. — wnen-koppecnongent PAH, 1okTop OHonmornueckux
HayK, PYKOBOJAUTEb JJA0OpaTopuu OHOTEXHOIOTHH MHCTUTYTa BUPYCOIOTHI
M. JI.1. UBanosckoro ®I'BY «HUIIOM um. H.®. 'amanen» Munznpasa Poccun

22 mas 2024 . MareMaTu4eckoe MOAeTHPOBAHNE B dNTHIEMHOJIOTrHH. MHOI0JICTHHIA ONBIT
Hagaio B 13:00 u HanpasJenus passutud B HUIIOM um. H.®. I'amanen
Jloxnaouuk: Acarpsa M.H. — MOKTOp METUITMHCKUX HAyK, CTApIIUN HayIHBIN
corpyaauk otaena smuaemuonorud GI'bY «HULOM um. H.®. T'amanen»
Munzapasa Poccun

MeyaTHana Bepcua «KypHana Mukpobuonorum,
3NNAEMNONOr N UMMYHOGMONOr Y
pacnpocTpaHAeTCcA No NoAnucKe:

MK «Ypan-Npecc»

MoanncHon nHpekc: 71436.
Moanuncka Ha noboe KoMyecTBo HOMEPOB.
Cant: www.ural-press.ru
KoHTaKTbl: +7(343)262-65-43, info@ural-press.ru
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