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XapaKkTepucTiKa WwWrammoB Streptococcus pneumoniae,
Bbli€/IeHHbIX OT 60/IbHbIX NHBAa3UBHbIMU MHEBMOKOKKOBbIMU
NHPEKLMAMMU, C UCMOJIb30BaHNEM BbICOKONPON3BOAUTENIbHOIO
CeKBeHUPOBaHUs
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YarapsaH A.H.%, UBaHuuk H.B.%, Koznos P.C.2, AkKnumKkuH B.I'!

'®BYH «LleHTpanbHbin HAW Snugemuonorun» PocnotpebHaasopa, 111123, Mocksa, Poccus;
HUW aHTuMmnkpo6bHon xumnoTepanuu OrbOY BO «CMoneHCKMIA FocyaapCTBEHHDbIV MeAVNLMHCKNA YHUBEPCUTET»
MwuH3pgpaa Poccun, 214019, CmoneHck, Poccus

Llenb paboTbl — xapaKkTepucTiKa aHTUreHHbIX Y FeHETUYECKUX CBOMCTB WTaMMOB Streptococcus pneumoniae,
BblJENEHHbIX OT 60NbHBIX MHBA3NBHLIMU (HOPMaMM MHEBMOKOKKOBOWM MH(EKLMN, H8 OCHOBaHWMN AaHHbIX BbICOKO-
NPON3BOAUTENBHOTO CEKBEHMPOBAHUSI.

Martepuansbl u metoAbl. ViccnegosaHo 46 wtammoB S. pneumoniae, BbiAENEHHbIX MPU NPOBEAEHUN MHOrO-
ueHTpoBbix uccnegosaHun «MelAC» B TedyeHne 2015-2018 rr. CekBeHMpoOBaHUEe NPOBOAUIIOCH C UCMOSb30Ba-
HMem peareHToB 1 obopynoBaHus cupmbl «lllumina». Mpu o6paboTke AaHHbLIX MCNONb30BaNUCL NPOrpPaMMbl
«SPAdes» (Poccus), «SeroBA» n «PneumoCaTy», a Takke nporpamMmmHble Bo3mMoxHocTu PubMLST.org.
Pesynbratbl u obcyxaeHue. OnpeaeneHbl NOMHOrEHOMHbIE MOCHEAO0BaTENbHOCTM LUTAMMOB, MHOPMaUMs
BHeceHa B 6a3y gaHHbix PUbMLST (id: 51080-51125). ¥ 10 (21%) wrammoB HangeH cepotun 3. Mo 5 (11%)
LTaMMOB NpuHaanexanu k cepotuny 19F u ceporpynne 6, n3 Kotopbix y 2 onpegerneH cepoTtun 6A, no 1 — 6B un
6BE, y 1 6bin guckopaaHTHbI pesynbtat (6A unn 6BE). Y 3 (6,5%) wtammoB HangeH cepotun 15B. [IBykpaTHO
o6Hapy»xeHbl cepotunel 7F, 8, 9V, 14, 22F, 23F n 28A, ogHokpatHo — 1, 4, 9N, 10C, 12F, 18C, 35F, 37 1 38. Jons
LUTAaMMOB C cepoTunamu, Bxoasiummm B coctaB PCV13, coctaBnsieT 65%, B coctaB PPV23 — 80%. Y wrtammoB
yCTaHOBMNEHO 36 CMKBEHC-TUMOB, 13 KOTOPbIX 6 — BnepBble. MynbTUNOKYCHOE CEKBEHNPOBaHNE-TUMMPOBAHNE He
MO3BOJSISIET BbISIBATL NpeobnaatoLLmin CUKBEHC-TUM UMW ONPeaenuTb KIoHamnbHbIE KOMMIEKChI, 32 UCKITHYEHNEM
LWTaMMOB cepoTuna 3. HEBO3MOXHOCTb 0003HAYUTb KMOHarnbHbIE KOMMMEKCHI COrNacyeTcsi ¢ NoMyYeHHbIMU pa-
Hee AaHHbIMM 06 OTCYTCTBUM BbIPaXXEHHOW KNOHANbHOW CTPYKTYpbl S. pneumoniae, acCoOLMNPOBAHHbIX C MHEB-
MOKOKKOBbIMW MEHMHIUTaMK Ha Tepputopumn Poccun.

3akntoyeHune. C y4eToM annaeM1onormyeckmx AaHHbIX 06 UCTOYHMKaX LWTaMMOB U MHdOPMaLumny O NpUBMBOY-
HOM CTaTyce NoryYeHHble pe3ynbTaTbl NO3BONSIOT OLEHUTb 3PEEKTUBHOCTL CYLLECTBYHOLUMX NMHEBMOKOKKOBBIX
BaKLIMH B OTHOLLEHMUN MHBA3MBHbIX ()OPM MHEBMOKOKKOBbLIX MH(EKLMIA 1 NPeAOoCTaBNsAT MHOpMaUuo Ans pac-
LUMPEHUST BO3MOXHOCTEN OCHOBaHHbIX Ha MLP cnocoboB cepoTnnupoBaHus.

Knroueenie crnoea: Streptococcus pneumoniae; UH8a3UBHbIE THEBMOKOKKOBbIE UHGEKUUU,; 8bICOKOMPOU3800U-
meJibHOe CeKeeHuposaHue; cepomuriupogaHue, MyrbmuiioOKyCHOE CeK8eHupogaHuUue-muriuposaHue.

UcmoyHuk puHaHcupoeaHusi. ABTOPbI 3asiBNSIOT 06 OTCYTCTBUM (PUHAHCUPOBAHKS MPY NPOBEAEHUN Ucche-
[0BaHus.

KoHdbriukm unmepecos. ABTOPbI AEKNAPUPYIOT OTCYTCTBUE SBHbIX U MOTEHLMArNbHbIX KOH(MNKTOB UHTEPe-
COB, CBAI3aHHbIX C NyOnmKauuen HacTosLWwen cTaTbi.

Ansa yumupoeaHusi: MvpoHos K.O., Kopuarud B./., Muxannosa t0.B., Axyweswny HO.I, LeneHkos A.A.,
YarapsH A.H., NeaHumk H.B., Koanos P.C., AkumkuH B.I. XapakTepucTtuka wrammos Streptococcus
pneumoniae, BblAeneHHbIX OT 60NbHbIX NHBA3VBHbLIMU MHEBMOKOKKOBLIMU MHAEKLIMAMMU, C UCMONb30BaAHNEM
BbICOKOMPOW3BOAMTENBHOIO CEKBEHNPOBaHUst. XKypHan Mukpobuonoauu, anudemuonoauu u ummyHobuonoauu.
2020; 97(2): 113-118.
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Characterization of Streptococcus Pneumoniae Strains Causing
Invasive Infections Using Whole-Genome Sequencing

Konstantin O.Mironov', Vitaly I. Korchagin’, Yuliya V. Mikhailova’, Yurii G. Yanushevich’,
Andrey A. Shelenkov', Aida N.Chagaryan? Natali V. lvanchik?, Roman S. Kozlov?,

Vasily G. Akimkin’

'Central Research Institute of Epidemiology, 111123, Moscow, Russia;
?Institute of Antimicrobial Chemotherapy, Smolensk State Medical University, 214019, Smolensk, Russia

Purpose: antigenic and genetic characterization of Streptococcus pneumoniae strains isolated from patients with
invasive forms of pneumococcal infection using whole-genome sequencing.

Materials and Methods. The study was performed on 46 S. pneumoniae strains isolated during the PEHASus
multicenter studies in 2015-2018. Sequencing was performed using lllumina protocols and equipment. The SPAdes,
SeroBA, PneumoCaT software were used for data processing, as well as BIGSdb software (PubMLST.org).
Results and Discussion. Whole-genome sequences of strains were obtained; the information was entered into
the PubMLST database (id: 51080-51125). Ten (21%) strains were found to have serotype 3. Five (11%) strains
belonged to serotype 19F and five to serogroup 6; two of them belonged to serotype 6A; one strain had 6B and 1
had 6BE serotype; 1 strain showed discordant result (6A or 6BE). Serotype 15B was identified in 3 (6.5%) strains.
Serotypes 7F, 8, 9V, 14, 22F, 23F and 28A were identified in two strains each; serotypes 1, 4, 9N, 10C, 12F, 18C,
35F, 37 and 38 were found once. The proportion of strains with serotypes included in PCV13 and PPV23 vaccines
was 65% and 80%, respectively. 36 sequence types were found in strains; out of them, 6 sequence types were
found for the first time. A dominant sequence type or clone complexes could not be identified using multilocus
sequence typing except for serotype 3 strains. The inability to identify clonal complexes is in congruence with the
previously obtained data on the absence of S. pneumoniae clones associated with pneumococcal meningitis in
Russia.

Conclusion. The information about serotypes of S. pneumoniae causing invasive infections together with
epidemiologic data about strain sources and vaccination allows us to evaluate the effectiveness of pneumococcal
vaccines and provide information for improving the PCR-based routine serotyping.

Keywords: Streptococcus pneumoniae; invasive pneumococcal infection; high-throughput sequencing; sero-

typing; multilocus sequence typing; whole genome sequencing.
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BsepeHune

bakrepun Buna Streptococcus pneumoniae sB-
JSIFOTCSL BO3OYOUTEISIMA TTHEBMOKOKKOBBIX MH(EKINH
(ITN), xoTopwle TOXPA3AENSIOT Ha HEHMHBA3WBHBIC H
uHBa3uBHbIC [1]. Haubosiee yacTo nuarHocTupyemsble
uHBa3uBHbIe (hopmbl [111 — rHOMHEIN OakTepranbHBIHI
MEHHMHTHUT, OaKkTeprueMuiecKass THEBMOHUSI M CEIICHC.
PacnipoctpanenHbMH crioco6aMy BHYTPUBUIOBOM Xa-
PaKTEpUCTUKHU S. pneumoniae SIBIAIOTCA aHTUT€HHAs
XapaKTepHUCTHKA MTOJIMcCaxapy/ia Karcyibl — OIpe/esne-
HHUE CEPOTPYIII WK CEPOTUIIOB, KOTOPBIX OMHUCaHO 0O-
nee 90, U reHeTHYEcKas XapaKTEepPHUCTHKA C MTOMOUIbIO
MYJIBTHIIOKYCHOTO CEKBEHHPOBAHUSA-TUITNPOBAHUS
(MJICT) [2, 3]. Auarnoctuka uHBasuBHbIX [11 u xa-
paKTepHCTHKa BBI3BABIIMX UX BO3OyIUTEICH SIBISETCS
HE TOJIBKO aKTyaJbHOM KIIMHUYECKOU 3aJjaueii, HarpaB-
JIEHHOM Ha BBHIOOP TAKTHKH JIEUEHUS, HO U BaXKHBIM dJIe-
MEHTOM 3IUJEMHOJIOTHYECKOTO HaJI30pa, MO3BOJISIO-
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OIMM OXapaKTepU30BaTh BKJIAJ TEX WM MHBIX BO30y-
JUTeNel B CTPYKTypy oOmieit 3aboneBaemoctu [11 u
OCYILECTBIISITh TUIAHUPOBAHUE MPOPHIAKTHICCKIX Me-
POTIPUATHIA, OCHOBHBIM U3 KOTOPBIX SIBJISIETCS BaKI[MHA-
uus [1]. B Hacrosiee Bpemst B Poccun mmpokoe npu-
MEHEeHHe Moiay4ymin 13-BajeHTHas KOHBIOTHPOBaHHAs
nHeBMokoKkoBas BakiuHa (PCV13, «llpeBenap 13»)
1 23-BajieHTHas TonMcaxapuaHas BakuuHa (PPV23,
«ITueBMOBaKc 23»).

Ornpenenenue CEepoTUNOB S. pneumoniae MOXET
OBITH MPOBEICHO C TNPHUMEHEHHEM CEPONOTHYCCKUX
METOJIOB — PEaKLUKN HaOyXaHuUs KarcyJbl WK JTaTeKc-
arcIIOTUHALIMY, HalpHMEp C MOMOLIBIO (PaKTOPHBIX
AHTHCBIBOPOTOK WM Habopa peareHTOB «Pneumotest-
Latex» (Statens Serum Institut, Jlanus). [Tockonbky Hy-
KJICOTHIHBIC TIOCIICOBATEILHOCTH T€HOB (CPS-IOKYC),
KOAMPYIOIIUX CHUHTE3 W COOpPKY KarcCyJabHOTO MOJH-
caxapuja, U3BECTHBI [4], CYIIECTBYEeT BO3MOXXHOCTbH
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ONpENENICHUs] CEpOrpynn U cepoTurioB metogom [P
c mpaiiMepamMu JAJsl aMIUTU(HUKALUK CEPOTHUII-CIEH-
(uueckux MuIIeHeH B reHoMe S. pneumoniae. B qact-
HOCTH, IIMPOKO PaCHpOCTPAHEHBI MOIXO/bI, PEKOMEH-
noBaHHble LleHTpamMu Mo KOHTPOIO U NpOQUIAKTHKE
3aboneannit CLIA [5] nns ompenenenus 40 cepo-
TUTN-CHEIU()UIESCKUX MHUILICHEH, B OCHOBE KOTOPBIX —
pabota R. Pai u coasr. [6]. B [IHWUU Dnupemuonoruu
paspaboTaHa W mpuMeHseTcs 4-IUIeKCHash METOAMKA
Juis ompenenenus 16 ceporumnos ¢ nomorisio TP B
peKUME peanbHOro BpPeMEHHW (METOAMKA BKIIOYAeT
Bce ceporunsl, Bxozsuiue B PCV13) [7]. ITonyuennsie
IIPOCIIEKTUBHBIE JAHHBIE O CEPOrPYIIIOBOM COCTaBE
BO30yIUTENEH TaKKEe MOTYT ONPEICIIATh TAKTHKY J1a00-
PaTOPHBIX MCCIIEAOBAaHU, HAIIPABIEHHBIX HA YCTAaHOB-
Ky aHTUTCHHBIX 0COOCHHOCTEW BO30YyAMUTENCH OTCIIb-
HeIX (hopm [1U1, nupKynupyromux B TEKyLIIHid MOMEHT
BpPEMEHH.

MHUKpOOHOIOTHYECKI MOHUTOPHHT IITaMMOB,
BBI3BIBAIOIIMX paziandHblie popmbl [1H, ¢ momorsio me-
toga MJICT sBnsiercss BaKHOM MPaKTUYECKOH 3a/iadeid,
HaIpaBJICHHOW Ha ONpe/esieHue TeHETHYECKUX 0COOeH-
HOCTEH LUPKYIMPYIOIIUX IITAMMOB M CBOEBPEMEHHOE
BBISIBJICHHE PE3UCTCHTHBIX BO3OYANUTEIICH MM LITAMMOB
C TNOBBIIIEHHBIMHA BUPYJIEHTHBIMU CBOMCTBAaMH, BO3HU-
KalOIUX B Pe3ylbTaTe peKOMOWHALMOHHBIX MPOLIECCOB
WA UMIOPTUPYEMBIX, C LIE€IbI0 MOHUTOpPHHIA UX pac-
npoctpanenus [2]. OcHoBHBIM npenmyiiectBoM MJICT
nepea APYTMMH MOJIEKYJISIPHO-OUOTIOTHYECKIMMHU METO-
JaM{ TUITUPOBAHUS SIBISIETCA BO3MOYKHOCTh OOBEHHE-
HUS JTAaHHBIX yepe3 uHTepHeT-pecypc PubMLST.org [3].

Hcnonp3oBaHne ceposioTHYecKUX U OCHOBAHHBIX
Ha I[P MeTonoB He Bcerna no3BOJISET 0XapaKTEPU30-
BaTh BCE MHOI000pasue CYyIIECTBYIOIIUX BO30yauTe-
sei 1M, BBIHYXIEHHBIX NOCTOSIHHO aJalTHPOBaThCs
O] JJaBJIEHUEM IOMYJIALIMOHHOTO UMMYyHHUTeTa. B TO
K€ BpeMsl ITOJTHOTEHOMHBIN aHaJIN3 J1aeT BO3MOXKHOCTh
MOJTy4aTh MCYEPIBIBAIOIIUE AaHHBIE 00 aHTHUTCHHBIX
Y TEHETHUYECKHUX CBOMCTBAaX BO30Yy/JUTENCH, KOTOPHIC B
TOM YHCJIC MOTYT OBITh MCIIOJIb30BaHbI MPU pa3padoT-
K€ M COBEpPLICHCTBOBAHMM CYLIECTBYIOIIMX OCHOBaH-
Hbix Ha [IIP noaxonoB mJist onpeneneHus CepoTUIIOB.
B cBsi3u ¢ 9THM HesIb JaHHOW paboThI 3aKiiovaIach B
XapaKTepUCTUKE aHTUTCHHBIX M TEHETUYECKUX CBOICTB
LITaMMOB S. pneumoniae, acCOIMMPOBAHHBIX C HHBA-
3uBHBIMU (opmamu [11, Ha OCHOBaHUM JaHHBIX BBICO-
KOIPOU3BOAUTEIHHOIO CEKBEHUPOBAHHS.

MaTepman bl 1 MeToAbl

Ucnonb3oBano 46 mrtamMMoB S. pneumoniae,
BBIJICJICHHBIX U3 KpoBH (17 = 10) U CIMHHOMO3TOBOMH
XKHUIKOCTH (1 = 36) OONbHBIX MHBA3UBHBIMHU (hOpMaMU
IIN npu npoBeNEeHUU MHOTIOLEHTPOBBIX HCCIEI0Ba-
auii «lIel'AC» [8] B 20152018 rr. Tpancnoptupos-
Ka MITaMMOB B LIEHTpaJibHYI Jnaboparopuro (HUN
aHTUMUKpOoOHOH xumuorepanuun OI'bOY BO CI'MY
Munsapasa Poccun) ocymiectsisiiach Ha cpene [Jopce.

B uenrtpanpHOH 1a60paTopuu MPOBOJMIACH BHUIOBAs
uaeHTudukanus mwrammoB. llITaMmbl BbIceBajIuCh Ha
kpoBsiHoW arap «BioMedia» (Poccust), ux uaentudu-
Kalusi MUKpOOHOJIIOTUYECKUMHU MeToJaMu (y4eT Mop-
(dororuM KOJIIOHWH, HAIWYHME O-TeMOJIM3a, PE3yJbTar
OTPULATENLHON KaTalla3HOM peakluu, ONIpeNesIeHHUE
YyBCTBHTEJILHOCTH K OITOXWHY) MOJATBEPKIAlach B
peaKknuu JIaTeKC-arrIIOTHHAMKM C HCIOJIb30BAaHHEM
Habopa «Slidex Pneumo-Kit» («bioMerieux»). s
BUAOBOW HJCHTU(HUKALMU IITAMMOB TaKXe IMpHMe-
HSUICS METOZ BPEMSIIPOJIETHON Macc-CIIeKTPOMETPHH C
WCIIOJIb30BAHUEM PEarcHTOB U 00OpYIOBaHHS (HUPMBI
«Bruker Daltonics». Bce mrammbl Xpanunu B IpoOHp-
Kax C TPUNTHKA30-COEBBIM OyboHOM («bioMerieux») ¢
nobasnerneM 30% CTepuIbHOTO TIIMIeprHa («Sigmay)
nipu —70°C.

JHK Beimensuin ¢ ucnojb3oBaHueM Habopa
«DNeasy Blood & Tissue Kits» («Qiagen»). CekBeHu-
pOBaHKE MPOBOAMIIM B OTAEIEC MOJICKYJISIPHOH AWArHO-
ctuku U amuaemuonorud ®EYH «[THUUW Dnuaemuo-
norun». KoHuenTpanuo nonydeHHbx oopasnos JJHK
u3Mepsun Ha ipudope «Qubit 4.0» ¢ momorkio «Qubit
dsDNA HS Assay Kit» («Thermo Fisher Scientificy),
JUTs TIPOOOTIOATOTOBKH MCIIOJIb30Bau 40 HI TEeHOMHOM
JHK. IIpo6GonoaroToBKy MNPOBOAMIM IO HPOTOKOTY
«Nextera» («[llumina»). ManexcupoBaHHbIE MOTHOTE-
HOMHBIE OMOIMOTEKH MYJIMPOBAIUCH B SKBUMOJISIPHOM
COOTHOIICHUH, MYyJbl OYHMLIAIKCH W OTOMPAUCH IO
JuHe ¢ nomoieio «SpeedBeads Magnetic Carboxy-
late Modified Particles» («GE Healthcarey). KagectBo
mynoB nposepsiii ¢ nomouisio «High Sensitivity DNA
Kit» («Agilenty). Beicokonpon3BoaUTENbHOE CEKBEHU-
poBanue ocymiecTris Ha npubope «HiSeq 1500» ¢
ucnoib3oBanueM HabopoB «HiSeq PE Rapid Cluster
Kit v2» u «HiSeq Rapid SBS Kit v2» («Illuminay).

COOpKy MOJHOTEHOMHBIX HYKJICOTHIHBIX IO-
CJICZIOBATEIILHOCTEH MPOBOAMIM C HCIOJNb30BAHUEM
nporpammbl «SPAdes» Bepcuu 3.13 (Poccus) [9]. s
omnpeJesieHus CEpOTHIIOB S. pneumoniae MCIOIb30Ba-
mu nporpammsl «SeroBA» [10] u «PneumoCaT» [11].
O0o3Ha4YeHNE ajieNe 1 CHKBEHC-TUIIOB MPOBEICHO B
cootBercTBuM co cxemorr MJICT mnst Gaktepuii Buaa
S. pneumoniae [2]. Ilpu 00paboTKe pe3ysibTaToB CEKBE-
nupoBanus 1 MJICT wucnonb3oBanuce OuouHdopma-
[IMOHHBIC BO3MOKHOCTH UHTEpHET-pecypca PubMLST.
org [3]. Ha MOMeHT OKOHYaHUS UCCIICIOBaHUs Oa3a jaaH-
HbIX PubMLST [12] coneprkana pe3ynsrarsl TUIIMPOBA-
HHUS OKOJIO 48 TEHIC. M30JIATOB, BKIIIo4Yasi 6oiee 14 TrIC.
MOJIHOTEHOMHBIX MOCJIeA0BATEIbHOCTEH S. pneumoniae,
13 KOTOPBIX 19 ObLIM MONyYeHBl IPH CEKBEHUPOBAHUHT
POCCHICKHX M30JI1TOB, aCCOLMUPOBAHHBIX MTPEUMYIIE-
CTBEHHO ¢ HeWHBa3UBHbIMH (opmamu [1U.

PesynbraTbl

OHpCIleJIeHI)I IMOJIHOTCHOMHBIC  HYKJICOTUAHBIC
IoCJaA€a0BAaTCIIbHOCTH BCEX IITAMMOB, BKJIIOYCHHBIX B
uccnenosanue. [logpoOHas nHpOpMaMs 0 MWTaAMMAX,
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cozepkaiasi (EHOTUIIMYECKUE XapaKTePUCTUKHU: Ce-
pOTHII, YyBCTBUTEIBHOCTh K aHTHOMOTHKAM (st 38
ITAMMOB) M JIaHHBIE 00 HCTOYHUKE (TOf, TEPPHUTO-
pus, Bospact, ¢popma [1M), BHeceHa B 0a3y AaHHBIX
PubMLST [12]; mirammam npucBoeHbl Homepa (id):
51080-51125. baza nanueix PubMLST Takxke couep-
KUT HH(POpPMALUIO 00 OlIEHKE KayecTBa COOPKH TOJI-
HOT€HOMHBIX TTocieaoBarenbHocTelt (N50, L50, N90 u
JpyTHe MapaMeTpbl) CEKBEHUPOBAHHBIX ITAMMOB.

B pesynbrare aHanm3a NOJTHOTCHOMHBIX JaHHBIX
C UCTOJIb30BaHueEM JAByX anroputmos [10, 11] ynanocs
OTPEJENTUTh CEPOTUIIOBYIO MPUHAIJIEKHOCT BCEX U3Y-
yeHHbIX mTamMmoB. Y 10 (21%) mTaMMoOB yCcTaHOBIIEH
ceporun 3. ITo 5 (11%) mTamMmmoB npuHauIekanu ce-
potumy 19F u ceporpymrie 6, u3 KOTOPBIX y 2 IITAMMOB
onpenesneH cepoturl 6A, mo oqHomy — 6B u 6BE n y
oxnoro (id-51089) — nuckopaanTHbBIN pe3ynbrar: 6A
umn 6BE. Y 3 (6,5%) mrammoB BoIsiBIeH cepotur 15B.
JIBykparHo Haiinens! ceporunsl 7F, 8, 9V, 14, 22F, 23F
u 28A, ognokparno — 1, 4, ON, 10C, 12F, 18C, 35F,
37 u 38.

Jist Bcex MITaMMOB MPOBEAEHO O0O3HAaueHHE 7
ajuienieit M ompeneieHsl CuKBeHC-Tumbl [2]. Halineno
6 He ONUCaHHBIX paHee CUKBEHC-THNOB: ST-15247—
15250 (oOpazoBaHbl HE BCTPEUABLIMMUCS PaHEE KOM-
ounarusmu anmneneit), ST-15251 u ST-15252 (conep-
JKaT B ajIeIbHOM IIpo¢uiie BIIEPBHIC HAICHHBIC aljie-
mu aroE-510 u xpt-924 cooTBETCTBEHHO).

O6cyxpaeHune

Hcnonbs3yeMble 10 HACTOSILEr0 BPEMEHH B OTe-
YEeCTBEHHOH MpPaKTUKE CHOCOOBI OIpeAesieHus:  ce-
potunoB S. pneumoniae, aCCOUUUPOBAHHBIX C HMHBa-
3uBHbIMU [IM, OCHOBaHHBIE Ha MPUMEHEHUU CEPO-
noruyeckux peakuuid, [P wmu coueranumii obomx
MOJIXO/IOB, HE MO3BOJISIA MPOBOAUTH XAPAKTECPUCTUKY
BCEX aHAIM3UPYEMBIX IITAMMOB MM KIIMHUYECKUX 00-
pas3uos, conepxamux JJHK nHkancyiupoBaHHbIX (Cps-
MOJIOKHUTEIBHBIX) M30JISITOB, B MOJHOM O0ObeMe. DTO
CBSI3aHO KaK C OTPaHUYCHHBIM HA0OPOM UCTIONIB3YEMbIX
B METOJMKAX aHTHUTEJI WA CEPOTUI-CHEIU(DUICCKUX
MHUIIICHEH, TaK U C BOBMOKHBIMU JIOKHOOTPHUIIATEIbHbI-
MU pe3y/bTaTaMH, YTO HE MO3BOJIET 0XapaKTepU30BaTh
BCE aHTUI'CHHOE MHOroo0pasue Bo30yauTese, crocoo-
HbIX BbI3bIBaTh 11M. Hanpumep, ¢ ucnonb30BaHuEM OC-
HoBanHo# Ha I[P MeTomuku [7] mpu XapakTepuUCTHKE
89 00pa3sioB CIIMHHOMO3TOBOM KHKOCTH OT OOJIbHBIX
ITHEBMOKOKKOBBIM MEHHWHTHTOM, BbIJeIecHHbIX B 2007—
2010 r. B MockBe, ynajioch ONpPEICIUTh CEPOTUI B
79% ciydaeB; B 3TOM K€ HCCICIOBAHUU MPUMEHCHHE
JIOTIOJTHUTEIILHBIX CEPOTHUII-CIICIM(PUISCKIX MHIICHEH
C aJbTEpHATUBHBIMU IpaiiMepamu [5, 6] He TIO3BOIUIIO
KaueCTBEHHO YBEIMYMTH JIOJIO ONPENENIIEMbIX CEPOTH-
noB. [Ipu vcnonb30BaHUU TOM KE METOIMKH I U3Y-
4yeHust 235 mraMMoB U OHMOJIOTMYECKHX 00pa3IoB, MO-
JIYYCHHBIX OT OOJIbHBIX MTHEBMOKOKKOBBIM MEHHHTHTOM
B 2010-2014 rr. Ha Tepputopun Poccun, yaanock oxa-
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paKTepu30BaTh MOYTH TAKYIO JKe JOJIO BO3OyAuTEIeH —
76% [13]. Oto npumepno Ha 10% Oosbliie, YeM J0s
LITAMMOB, CEPOTHUIT KOTOPBIX YAAIOCh ObI ONpEIETIHTh
B JIAHHOM MCCIIC/IOBAHUH: MCIIONB30BAaHUE METOIMKH [7]
MO3BOJIMIIO OBl BBISIBUTH cepotun y 31 (67%) mramma.

Pacnipenenenue u OTHOCUTENBHOE COOTHOIIEHUE
CEpOTHUIIOBOTO COCTaBa LMPKYJIUPYIOIIMX BO30yauTe-
JIel MOTYT BapbUpOBaTh B 3aBUCHMOCTH OT 3IHJIEMHO-
JIOTMYECKUX OCOOCHHOCTEH, KOTOpbIE B TOM YHCIIE
BKJIIOYAIOT MPUMEHEHHE TE€X WM MHBIX IOJUBAJICHT-
HBIX BakUUH. /{7 mTaMMOB, OXapaKTepU30BAHHBIX B
JaHHOM HCCIICAOBaHMM, JONS CllydaeB, OOyCIOBJICH-
HBIX CepOTHIaMH, BXomsummu B coctaB PCV13, co-
crasisaeT 65%, B coctaB PPV23 — 80%. YMmensblenue B
2015-2018 rr. monu cioy4yaeB uHBa3UBHBIX 11, BbI3BaH-
HBIX cepoTunamu S. pneumoniae u3 coctasa PCV13, mo-
JKeT OBITh CBSA3aHO C YBEIMYCHHEM OXBaTa BaKLIMHAILICH
1, BO3MOKHO, C BBEJICHUEM ITHEBMOKOKKOBOM BaKIIMHbI
B KaJleHJapb NpodMIaKTHYecKuX npuBuBOK B 2014 T
B To0 xe Bpems, HecMoTps Ha TO uTo BakiuHbl PCV13 u
PPV23 conep:xar ceporunst 3, 6 u 19F, cpenn oxapax-
TEPU30BAHHBIX IITAMMOB 3TH CEPOTHIIBI BCTPEUAIOTCS
yaie Ipyrux, Kak U B mpeabyayimue roasl [1, 13]. Ha
0COOCHHOCTH MCCIIEIOBAHHON BEIOOPKH TaKXKe YKa3bIBa-
€T OTHOCHUTENIFHO BBICOKAsl J10JIS IUTAaMMOB C CEPOTHIIOM
15B u npucytcTBUe ITaMMOB ¢ cepotunamu 28A, 37 u
38, KoTOpbIC paHee He ObLTU aCCOIUMPOBAHBI C THEBMO-
KOKKOBBIMH MEHHHIMTaMH Ha Tepputopuu Poccun.

C yd4eroM OSHHIEMHOIOTHYECKUX JAaHHBIX 00
HCTOYHHMKAX LITAMMOB ¥ HH(POPMAIMK O TPUBUBOYHOM
CTaTyce MOJIy4eHHbIE PE3yIbTaThl O3BOJISIIOT OLEHUTh
3¢ (EKTUBHOCTh  CYIISCTBYIOIIMX ITHEBMOKOKKOBBIX
BaKLMH B OTHOLICHWH HMHBa3uBHbBIX (opm [1H, a Taxke
JUKTYIOT HEOOXOAMMOCTD PACIIMPEHUS] BOBMOXKHOCTEH
ocHoBaHHbIX Ha [1LIP cmoco6oB onpeneneHus cepoTu-
noB [7] 3a c4eT UCTONb30BaHUS JOMOIHUTEIBHBIX Ce-
pOTHI-CIEUN(UUECKUX MHIICHEH, OPHEHTHUPOBAHHBIX
IJIaBHBIM 00pa30M Ha JICTEKLUIO S. pneumoniae cepo-
tinoB 15B, 8, 22F u 12F.

B oxapakrepu3oBaHHOU BhIOOpPKE IITAMMOB Hai-
neno 36 cukseHc-tunoB. OcuoBanueiii Ha MJICT ana-
JIM3 HE TO3BOJISIET BBISIBUTH MPe0OIagatonfii CHKBEHC-
TUI WIM ONPEIENUTh KIOHAJIbHBIE KOMIUIEKCHI, 3a
HCKJIIOYEHUEM IITaMMOB CEpoTHIa 3, ISl KOTOPBIX
XapaKTepHO 00pa3oBaHUE KIOHAIBHOTO KOMILICKCa,
oObeauHsroniero cukpeHc-tunbl ST-180 (5 mrram-
MoB), ST-505 (2 mramma) u ST-2049, ST-15250, ST-
15251 (mo 1 mrammy). ComocTaBieHUE HaMICHHBIX
CHKBCHC-THIIOB C CHMKBEHC-THIAMM 108 U30JI9TOB, BbI-
JENICHHBIX OT OOJILHBIX ITHEBMOKOKKOBBIM MEHHHTHTOM
Ha TeppuTopuu Poccun B Ipyrux uccieaoBaHusIX, 1aH-
HBIE 0 KOTOPBIX ObUTH omyOnukoBansl B PubMLST [12],
JEMOHCTPHUPYET IMPHCYTCTBHE B 00EUX BHIOOpKaX y
LITaMMOB ¢ cepoTunom 3 cukBeHc-tunos ST-180 u ST-
505, y mTaMMOB APYTUX CEPOTUIIOB — CUKBEHC-TUIIOB
ST-236, ST-239 u ST-1262, ocTajibHble CUKBECHC-THIIBLI
HE COBIIAJIAJIU C HallJIeHHbIMU paHee. HeBo3MOKHOCTh
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ORIGINAL RESEARCHES

0003HAaUNTh KJIOHAJIBHBIC KOMIUIEKCHI B OXapaKTepu-
30BaHHOW BBIOOPKE MITAMMOB, OTHOCHTEIBHO BBICO-
Kasi 4acToTa BIIEpBble 0OHAPYKEHHBIX CHKBEHC-THIIOB
(6 13 36) ¥ HECOBMAJIEHUE MMOJABIISIONICTO OOJBIITUH-
CTBa BBISIBIICHHBIX CHKBEHC-TUIIOB C HAaWJECHHBIMH Ha
HaOMI01aeMON TEPPUTOPHUU B MPEAbIAYIINE TOIbI, CO-
[J1aCYIOTCS ¢ IOIY4YEHHBIMH paHee JaHHBIMU 00 OTCYT-
CTBUU BBIPAXKCHHON KIOHAJIBHOU CTPYKTYpPHL S. pneu-
moniae, aCCOUMPOBAHHBIX C MMHEBMOKOKKOBBIMH Me-
HUHTUTaMu Ha Tepputopun Poccun [1].

B unemnom pesynbTarbl MOJIHOTEHOMHOTO CEKBe-
HUPOBAHMUS TO3BOJISIIOT IOJIy4aTh HMCYEPIBIBAIOLIYIO
nHPOPMAIHIO 00 aHTHTCHHBIX M TCHETHYECKUX CBOM-
cTBax S. pneumoniae, MAPKYIUPYIOMINX B TaHHBINH MO-
MEHT BpeMeHHU. J{aibHelee UCoIb30BaHME MTOJIHOTE-
HOMHBIX JaHHBIX JIOJKHO OBITh HAaIlPaBJIEHO Ha aHAIN3
9BOJIIOLIMOHHBIX MPOLIECCOB U T€HETHMUYECKUX B3auMO-
OTHOILIEHUH 0XapaKTepU30BaHHBIX ILITAMMOB CO IITaM-
MaMH, BbiAenseMbIMU Tipu aApyrux 11 Ha ocHoBanuu
MUJICT, npoBeeHHOrO 10 «OCHOBHOMY» TeHOMY (core
genome), a TaK)Ke Ha aHAJIN3 TCHETUIECKUX (DaKTOpOB,
OIPECISIOMINX YCTOMYMBOCTh K aHTUOMOTHKAM M Me-
XaHMU3MBI Pa3BUTHUS PE3UCTEHTHOCTH.
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Purpose: antigenic and genetic characterization of Streptococcus pneumoniae strains isolated from patients with

invasive forms of pneumococcal infection using data of high-throughput sequencing.

Materials and Methods. The study was performed on 46 S. pneumoniae strains isolated during the PEHASus
multicenter studies in 2015-2018. Sequencing was performed using lllumina protocols and equipment. The SPAdes,

SeroBA, PneumoCaT software were used for data processing, as well as BIGSdb software (PubMLST.org).

Results and Discussion. Whole-genome sequences of strains were identified; the information was entered into
the PUbMLST database (id: 51080-51125). Ten (21%) strains were found to have serotype 3. Five (11%) strains
belonged to serotype 19F and five to serogroup 6; two of them belonged to serotype 6A; one strain had 6B and 1
had 6BE serotype; 1 strain showed discordant result (6A or 6BE). Serotype 15B was identified in 3 (6.5%) strains.
Serotypes 7F, 8, 9V, 14, 22F, 23F and 28A were identified in two strains each; serotypes 1, 4, 9N, 10C, 12F, 18C,
35F, 37 and 38 were found once. The proportion of strains with serotypes included in PCV13 and PPV23 vaccines
was 65% and 80%, respectively. 36 sequence types were found in strains; out of them, 6 sequence types were
found for the first time. A dominant sequence type or clone complexes could not be identified using multilocus
sequence typing except for serotype 3 strains. The failure to identify clone complexes is consistent with the data
of previous studies that demonstrated the absence of a pronounced clone structure of S. pneumoniae associated

with pneumococcal meningitis in Russia.

Conclusion. The information about serotypes of S. pneumoniae causing invasive infections together with
epidemiologic data about strain sources and vaccination allows us to evaluate the effectiveness of pneumococcal

vaccines and provide information for improving the PCR-based routine serotyping.

Keywords: Streptococcus pneumoniae; invasive pneumococcal infection; high-throughput sequencing; sero-

typing; multilocus sequence typing; whole genome sequencing.
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LUenb paboTbl — XxapakTepucTmKa aHTUreHHbIX Y FEHETUYECKMX CBOMCTB LUTaMMOB Streptococcus pneumoniae,
BbIAENEHHbIX OT 6OMbHbIX MHBA3UBHBLIMU (POPMaMU MHEBMOKOKKOBOW MHMPEKLIMKN, HA OCHOBaHMMW AaHHbIX BbICOKO-
NPOU3BOANTENBHOTO CEKBEHMPOBAHUSI.

Martepuanbl n metoabl. ViccrnegosaHo 46 wrtammMoB S. pneumoniae, BblAENEHHbIX NPU MPOBEAEHUM MHOrO-
LeHTpoBbIx nccnegoBaHuin «MelAC» B TedyeHne 2015-2018 rr. CekBeHMpoBaHMEe NPOBOAUIIOCH C MCMOMb30Ba-
HMeM peareHToB 1 obopynoBaHus dupMbl «llluminay. Mpn obpaboTke AaHHbBIX MCNOMb30BaNMChL NPOrPaMMbl
«SPAdes» (Poccus), «SeroBA» n «PneumoCaT», a Takke nporpammHble BO3MoxHocTv PubMLST.org.
PesynbraTtbl n obcyxaeHue. OnpeneneHbl NOMHOrEHOMHbIE MOCNEA0BaTENbHOCTM LWTAMMOB, MHopmaLus
BHeceHa B 6a3sy gaHHbIx PUbMLST (id: 51080-51125). Y 10 (21%) wrammoB HavgeH cepotun 3. Mo 5 (11%)
LTamMMoB npuHagnexanu cepotuny 19F n ceporpynne 6, 13 kOTopbIX Y 2 onpeaeneH cepotun 6A, no 1 — 6B u
6BE, ny 1 — guckopaaHTHbii pesynestat (6A unn 6BE). Y 3 (6,5%) wrtammoB HangeH cepotun 15B. [1BykpaTHO
HangeHbl cepotunbl 7F, 8, 9V, 14, 22F, 23F n 28A, ogHokpaTHo — 1, 4, 9N, 10C, 12F, 18C, 35F, 37 1 38. Jons
LITaMMOB C cepoTunamu, Bxogawmmm B coctaB PCV13, coctaenset 65%, n B coctaB PPV23 — 80%. Y wram-
MOB HalaeHo 36 CUKBEHC-TUMOB, 13 KOTOPLIX 6 — BrepBble. MynbsTUNOKYCHOE CEKBEHMPOBAHME-TUMUPOBAHNE HE
NO3BONSIET BbISIBUTL NpeobnaaatoLLmin CUKBEHC-TUMN U ONPeaEnnTb KIOHarnbHbIE KOMMIIEKChI, 33 UCKITIOYEHNEM
LwTaMMoB cepoTtuna 3. HeBO3MOXHOCTb 0603HAYMTb KIOHaNbHbIE KOMMIIEKChI COrMacyeTcs ¢ Nofy4YeHHbIMU pa-
Hee flaHHbIMY 06 OTCYTCTBUW BbIPAXKEHHOW KITOHANbHOW CTPYKTYpbl S. pneumoniae, acCoOLMNPOBAHHbIX C NMHEB-
MOKOKKOBBLIMW MEHVMHIUTaMu Ha Tepputopum Poccuu.

3akntoyeHune. C y4eToM anuaemMmnonormyeckmx AaHHbIX 06 MCTOYHMKAX LUTaMMOB U MHpOpMaLMU O NPUBUBOY-
HOM cTaTyce Nony4YeHHble pe3ynbTaThbl NO3BOMST OLEHUTb 3EMEKTUBHOCTb CYLLECTBYIOLLUX NMHEBMOKOKKOBBLIX
BaKLMH B OTHOLLEHWN MHBA3MBHbIX (OOPM MHEBMOKOKKOBbBIX UH(EKLMIA 1 NPeaoCTaBnsAlT MHPOpMaLuuo Ang pac-
LUMPEHUS BO3MOXHOCTEN OCHOBaHHbIX Ha MLP cnocobos cepoTununpoBaHus.

Knroyeenie crioea: Streptococcus pheumoniae; UHB8a3UBHbIE NMHEBMOKOKKOBbIE UHGheKyuU; 6blCOKOI7,00U3606U-
meJsibHOe CeK8eHuposaHue,; cepomuriuposaHue; Myribmul/ioOKyCHOe CeKeeHuposaHuUe-muriupoeaHue.

UcmoyHuk ¢huHaHcupoeaHusi. ABTOpPbI 3asiBNSAOT 06 OTCYTCTBUMU (PMHAHCUMPOBAHWS NPU NPOBEAEHUM UCCTe-

OoBaHUA.

KoHgbnnukm uHmepecos. ABTOPbI AEKNApUPYHOT OTCYTCTBUE SIBHbIX U MOTEHLMANbHbIX KOH(IUKTOB NHTEPE-
COB, CBA3aHHbIX C MNyOnukaumen HacTosILLEN CTaTbMy.

Ans yumupoeaHusi: MupoHos K.O., KopyaruH B.W., Muxainosa t0.B., Axyweswny tO.I%, LLeneHkos A.A.,
YarapsiH A.H., MiBaHuuk H.B., Kosnos P.C., AkumknH B.I. XapakTtepuctuka wrammoB Streptococcus
pneumoniae, BblAENEHHbIX OT 60MNbHLIX NHBA3WBHBIMU MHEBMOKOKKOBLIMU MHAEKLMAMU, C UCMOMb30BAHNEM
BbICOKOMPOW3BOANTENBHOMO CEKBEHUPOBAHUS. XKypHarn Mukpobuonoauu, anudemMuono2uu U uMMmyHobuooauu.
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Introduction

Streptococcus pneumoniae bacteria are the most
common cause of pneumococcal infections (PI),
which are divided into noninvasive and invasive [1].
The most frequently diagnosed invasive PI forms are
purulent bacterial meningitis, bacteremic pneumo-
nia and sepsis. The most frequently used methods of
intraspecific characterization of S. pneumoniae are
antigenic characterization of capsular polysaccha-
ride — identification of serogroups or serotypes, the
number of which exceeds 90, and genetic characteri-
zation using multilocus sequence typing (MLST) [2,
3]. Diagnostics of invasive PI and characterization
of the corresponding viruses are not only a top-pri-
ority clinical task implying targeted therapy, but al-
so an important component of the epidemiological
surveillance, as they make it possible to estimate the
contribution of particular pathogens to the overall PI
incidence and to develop preventive measures, the
main one being vaccination [1]. At present, in Rus-
sia the widely used vaccines are 13-valent pneumo-
coccal conjugate vaccine (PCV13, Prevenar 13%) and
a 23-valent pneumococcal polysaccharide vaccine
(PPV23, PNEUMOVAX®23).
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S. pneumoniae serotypes can be identified by se-
rological methods — a quellung reaction or a latex ag-
glutination test, using, for example, factor antisera or
a Pneumotest-Latex reagent kit (Statens Serum Institut,
Denmark). As nucleotide sequences of genes (cps-lo-
cus) encoding the synthesis and assembly of capsular
polysaccharides are known [4], there is a possibility of
identifying serogroups and serotypes using the PCR
method and primers for amplification of serotype-spe-
cific targets in the S. pneumoniae genome. More spe-
cifically, researchers tend to use most frequently the
approaches recommended by the US Centers for Dis-
ease Control and Prevention [5] for identifying 40 se-
rotype-specific targets; the approaches are based on
studies of R. Pai et al. [6]. The Central Research Insti-
tute of Epidemiology developed and uses a multiplex
procedure for identifying 16 serotypes using real-time
PCR (this method identifies all serotypes included in
PCV13) [7]. The prospective data on the serogroup
composition of pathogens can also determine the tactics
of laboratory-based identification of antigenic charac-
teristics of currently circulating etiologic agents of PI .

The microbiological monitoring of strains caus-
ing different PI forms with the help of the MLST
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method is an important practical task aimed at the
identification of genetic characteristics of circulating
strains and timely identification of resistant pathogens
or strains with increased virulent properties resulting
from recombination or being imported [2]. The main
advantage of MLST over other molecular and biolog-
ical typing methods is that data can be integrated in a
collection of databases available on the PubMLST.org
website [3].

Serological and PCR-based methods can be not ef-
ficient enough to to characterize the diversity of existing
etiological agents for PI, which have to continuously
adapt in response to herd immunity. At the same time,
the whole-genome analysis makes it possible to obtain
comprehensive data on antigenic and genetic character-
istics of pathogens; these data, among other things, can
be used in developing and improving the existing PCR-
based approaches to identification of serotypes. Thus,
the objective of our study was to provide antigenic and
genetic characterization of S. pneumoniae strains asso-
ciated with invasive forms of PI by using the data of
high-throughput sequencing.

Materials and Methods

The study was performed on 46 S. pneumoniae
strains isolated from blood (» = 10) and cerebrospinal
fluid (n = 36) of patients with invasive forms of PI; the
strains were isolated during the multicenter studies PE-
HASus [8] in 2015-2018. The strains were transported
to the central laboratory (the Institute of Antimicrobial
Chemotherapy of the Smolensk State Medical Univer-
sity and the Ministry of Health of the Russian Federa-
tion) on a Dorset egg medium. The central laboratory
conducted species-specific identification of the strains.
The strains were cultured on blood agar plates (BioMe-
dia, Russia); their identification by microbiological me-
thods (evaluation of the colony morphology, presence
of a-hemolysis, negative catalase test results, the op-
tochin susceptibility test) was confirmed by a latex ag-
glutination test conducted with a Slidex Pneumo-Kit
(bioMerieux). For species-specific identification of
strains, we also used time-of-flight mass spectrometry
using reagents and equipment from Bruker Daltonics.
All strains were stored at —70°C, in tubes filled with
trypticase soy broth (bioMerieux) with the addition of
30% sterile glycerol (Sigma).

DNAs were isolated by using DNeasy Blood &
Tissue Kits (Qiagen). The sequencing was performed
at the Department of Molecular Diagnostics and Epide-
miology of the Central Research Institute of Epidemio-
logy. The concentration of the obtained DNA samples
was measured using Qubit 2.0 fluorometer and Qubit
dsDNA HS Assay Kit (Thermo Fisher Scientific); 40 ng
of genomic DNA were used for sample preparation.
The same preparation was performed using Nextera
protocol (Illumina). The indexed whole genome librar-
ies were pooled in equimolar ratios; each set of pooled

libraries was purified and size-selected using Speed-
Beads Magnetic Carboxylate Modified Particles (GE
Healthcare). The quality of pools was checked with a
High Sensitivity DNA Kit (Agilent). High-throughput
sequencing performed at HiSeq 1500 instrument using
HiSeq PE Rapid Cluster Kit v2 and HiSeq Rapid SBS
Kit v2 kits (Illumina).

The SPAdes version 3.13 software (Russia) was
used to assemble whole-genome nucleotide sequences
[9]. To identify S. pneumoniae serotypes SeroBA [10]
and PneumoCaT applications were used [11]. Alleles
and sequence types were determined in accordance
with the MLST scheme for S. pneumoniae bacteria
[2]. Bioinformatic online resource PubMLST.org was
used for the processing of the results of sequencing and
MLST analysis [3]. By the completion of the study,
the PubMLST database [12] stored the typing results
for nearly 48,000 isolates, including more than 14,000
whole-genome sequences of S. pneumoniae, 19 of them
being received from sequencing of Russian isolates as-
sociated mainly with noninvasive forms of PI.

Results

Whole-genome nucleotide sequences were deter-
mined for all strains included in this study. The detailed
information about the strains and their phenotypic
characteristics: serotype, antibiotic susceptibility (for
38 strains) and data about the source (year, region, age,
PI form) was entered into the PubMLST database [12];
identification (id) numbers were assigned to the strains:
51080-51125. The PubMLST database also stores the
information about the assessment of the quality of the
assembly of whole-genome sequences (N50, L50, N90
and other parameters) of the sequenced strains.

The serotype for all studied strains was established
through the whole-genome data analysis conducted by us-
ing two algorithms [10, 11].. Ten (21%) strains belonged
to serotype 3. Five (11%) strains belonged to serotype
19F and 5 strains belonged to serogroup 6; 2 of them be-
longed to serotype 6A, two (1 and 1) belonged to 6B and
6BE, respectively; and one strain (id-51089) demonstrat-
ed the discordant result: 6A or 6BE. Three (6.5%) strains
belonged to serotype 15B. Serotypes 7F, &, 9V, 14, 22F,
23F and 28A were found twice each; serotypes 1, 4, 9N,
10C, 12F, 18C, 35F, 37 and 38 were found once.

Denomination of 7 alleles was completed for all
the strains and sequence types were identified [2]. Six
sequence types never described previously were identi-
fied: ST-15247-15250 (formed by allele combinations
unknown before), ST-15251 and ST-15252 (have newly
discovered alleles - aroE-510 and xpt-924, respectively,
in the allelic profile).

Discussion

The methods used by Russian researchers until
the present time for identification of S. pneumoniae
serotypes associated with invasive PI were based on
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serological tests or PCR or their combination, had lim-
itations and could not provide full-scale characteriza-
tion of all studied strains or clinical samples containing
DNA of encapsulated (cps-positive) isolates. It can be
explained by the limited number of antibodies or sero-
type-specific targets used for diagnostics and by the oc-
currence of false-negative results. Both factors affected
the identification of the entire antigenic diversity of the
pathogens that may cause PI. For example, the PCR-
based method [7] used for characterization of 89 sam-
ples of cerebrospinal fluid from patients with pneumo-
coccal meningitis obtained in Moscow in 2007-2010
made it possible to identify a serotype in 79% of cases;
in the same study, the use of additional serotype-spe-
cific targets with alternative primers [5, 6] could not
increase significantly the proportion of samples with
identified serotype. Application of the same method
for 235 strains and specimens obtained from patients
with pneumococcal meningitis in 2010-2014 in Russia
gave almost the same proportion of successfully iden-
tified pathogens — 76% [13]. It is approximately 10%
greater than the proportion of strains, whose serotype
we would have been able to identify in this study: the
application of the method [7] would have resulted in the
identified serotypes for 31 (67%) strains.

The distribution and relative ratio of the serotypes
of circulating pathogens can vary depending on epide-
miological patterns which are influenced by the appli-
cation of polyvalent vaccines. Among strains character-
ized in this study the proportion of serotypes that are
included in PCV13 and PPV23 vaccines was 65% and
80%, respectively. The decrease in the number of cases
of invasive PI caused by S. pneumoniae serotypes con-
taining in PCV 13, which was observed in 2015-2018,
could result from the greater vaccination coverage and,
most likely, from the fact that pneumococcal vaccine
was included in the National vaccination schedule in
2014. At the same time, although PCV13 and PPV23
vaccines contain serotypes 3, 6 and 19F, these serotypes
are found more frequently than others among the char-
acterized strains, like during the previous years [1, 13].
The distinctiveness of the studied collection of the sam-
ples is also evidenced by the relatively high proportion
of strains with serotype 15B and the presence of strains
with serotypes 28A, 37 and 38, which previously were
not associated with pneumococcal meningitis in Russia.

Taking into account the epidemiological data on
strain sources and the information about a vaccination
status, the obtained results make it possible to assess
efficiency of the existing pneumococcal vaccines in re-
lation to invasive forms of PI and imply the importance
of expanding capabilities of the PCR-based methods of
serotyping [7] through using additional serotype-spe-
cific targets generally aimed at detection of S. pneumo-
niae serotypes 15B, 8, 22F and 12F.

Total 36 sequence types were found in the char-
acterized collection of strains. The MLST-based test
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is not able to determine the dominant sequence type
or to identify clonal complexes, except for strains
of serotype 3, which tend to have a clonal complex
combining sequence types ST-180 (5 strains), ST-505
(2 strains) and ST-2049, ST-15250, ST-15251 (each
having 1 strain). The comparison of the found se-
quence types with the sequence types of 108 isolates
obtained from patients with pneumococcal meningitis
in Russia in previous studies and deposited in Pub-
MLST [12] demonstrated that in both datasets strains
with serotype 3 had sequence types ST-180 and ST-
505, while the strains of other serotypes had sequence
types ST-236, ST-239 and ST-1262; the other sequence
types did not match the sequence types found in the
previous years. The failure to identify clonal complex-
es in the studied collection of strains, relatively high
occurrence of the newly discovered sequence types (6
out of 36) and the discrepancy between the majority
of the detected sequence types and the sequence types
found in the studied region in the previous years are
consistent with the reported absence of a pronounced
clone structure of S. pneumoniae associated with
pneumococcal meningitis in Russia [1].

Altogether, the results of the whole-genome se-
quencing provide comprehensive information about
antigenic and genetic characteristics of circulating
S. pneumoniae. Further analysis of the whole-genome
data should be focused on the analysis of evolutionary
processes and genetic relationships between the charac-
terized strains and strains isolated from other cases of
PI, and should be based on the MLST analysis of core
genome. The data should be also used for analysis of
genetic factors associated with antibiotic resistance and
the mechanisms of its development.
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CeHcnbunmnsauymsa K annepreHam naecHeBbIX rpMOOB y NaLeHTOB
C pecnupatopHoun annepruen. OnTnMmnsayma gUarHoCcTNYeCcKoro
npouecca

Xpuctosa [1., Kanposa fl., Hnkonos ™, NeTtpyHoB b.

HawumnoHanbHbIi LeHTP MHPEKLMOHHBIX 1 Napa3uTapHbix 6onesHeid, 1504, Codus, bonrapus

AxTyanbHocTb. B bonrapumn yacto BcTpeyaeTcst anneprms Ha nnecHesble rpubbl, ceHcubrnnmaaums K pasnuy-
HbIM annepreHam rpnboB 06HapyXMBAETCSt Y MHOMMX MNALMEHTOB C aTONUEN.

Llenb faHHOro nccnenoBaHns — yCTaHOBUTL YYBCTBUTENBHOCTb K Hambornee pacnpocTpaHeHHbIM BUgam niec-
HeBbIX rpnbos B Bonrapum n onpegennTb C NOMOLLbIO KOMAOHEHTHOW AMarHOCTUKN Hannyne ceHenbunusauum K
Alt a1 — ogHomy 13 rmaBHbIx annepreHoB Alternaria alternata.

MaTtepuanbl u meToabl. B o6cnenoBaHue BkNtoYeH 21 nauMeHT ¢ pecnupaTopHON annepruen B Bo3pacte 5—
40 net. CeHcnbunmnsaumsa kK MMKkcTam rpubKoBbIX annepreHoB, cogepxawux Alternaria alternata, Aspergillus sp.,
Cladosporium herbarum, Penicillium notatum, y Bcex nauMeHTOB oKasaHa NocpeacTBOM AMArHOCTUKW in Vivo
n in vitro. Kpome TOro, Bce nauneHTbl TECTMPOBaHbI ¢ NoOMoLLbo «ImmunoCAP» Ha Hanuuve annepreHcneun-
dunyeckux IgE k otaensHbIM rpubkoBeiM annepreHam: m1 Penicillium notatum, m2 Cladosporium herbarum, m3
Aspergillus fumigatus n m6 Alternaria alternata. ¥ 10 n3 o6crnefoBaHHbIX NaLMEHTOB C NOBbIWEHHbIM SIGE k m6
Alternaria alternata npoBegeHa KOMMNOHEHTHaA AnarHoCcTuKa ¢ nomolbto Alt at.

PesynbraThl. Bce o6cneqoBaHHbIe naumeHTbl MMENW NOBbILLEHHbIN YpoBeHb SIQE k Alternaria alternata. 13 Hux
10 (48%) naumeHTOB NPOSIBUMM YYBCTBUTENBLHOCTL TOMNLKO K Alternaria alternata. Y 8 (38%) naumeHTOB BbisiBe-
Ha ceHcmbunmsaumsa K Penicillium notatum, y 11 (52%) — k Cladosporium herbarum ny 10 (48%) — k Aspergillus
fumigatus; 9 (90%) naumeHTOB C ceHcnbunusauuen k Alternaria alternata nmenu NOBbIWEHHBIN ypoBeHb IgE K
Alt a1.

BeiBoabl. Alternaria alternata 4alie opyrmx BUaoB NnecHeBbIX rPMO0B BbI3bIBAET CEHCMOUNM3ALMIO Y NaLUEHTOB
C pecnupartopHou annepruen B bonrapun. KomnoHeHTHas anneprognarHocTuka ¢ ucnonb3osaHvem Alt a1l —
rMaBHOrO annepreHa nrneceHn — [aAeT TMOMHOe [0Ka3aTenbCTBO BUAOCMELMEPUYECKON CeHcMbunusaumm k
Alternaria alternata.

Knroueenie cnoea: annepeaus Ha rnnecHessblie epubebl; annepaus Ha Alternaria alternata; komnoHeHmHasi OuagHoc-
muka c nnomouwbro Alt at.

UcmoyHuk ¢puHaHcupoeaHusi. ABTOPbI 3asBNSIOT 06 OTCYTCTBUM (PUHAHCUPOBAHWS MPU NPOBEAEHWUU 1cche-
[0BaHus.

KoHgbriukm unmepecos. ABTOPbI AEKNApUPYIOT OTCYTCTBUE SBHbIX U MOTEHLMANbHbIX KOH(MMKTOB UHTEPe-
COB, CBAI3aHHbIX C NyOnuKauuen HacTosLwen cTaTbi.

Ans yumuposaHus: Xpuctosa [., Kangosa A., Hukonos I, MNeTpyHoB Bb. CeHcnbunuaaums k annepreHam
nnecHeBbIX rpMOOB y NAaLMEHTOB C pecnupaTtopHo anneprven. ONTUMmU3aumsa AMarHoCTMYeCKoro npowecca.
XKypHan mukpobuonoauu, anudemuonoauu u ummyHobuonoauu. 2020; 97(2): 119-124.

DOI: https://doi.org/10.36233/0372-9311-2020-97-2-119-124
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Sensitization to Fungal Allergens in Patients with Respiratory
Allergy — Accuracy in Diagnostic Process

Diana Hristova, Yana Kandova, Georgi Nikolov=, Bogdan Petrunov

National Centre of Infectious and Parasitic Diseases, Sofia, 1504, Bulgaria

Introduction. In Bulgaria, mold allergies are common, and sensitization to different fungal species is found in
many patients with atopy.

The objective of this study is to explore sensitization to the most widespread mold species in Bulgaria, and
to determine the extent of sensitization to Alt a1, a major allergen of Alternaria alternata, by using component-
resolved diagnosis.

Materials and Methods. 21 patients (14 males and 7 females, age range 5-40 years), with respiratory allergy
participated in the study. All patients are sensitized to mix of fungal allergens containing: Alternaria alternata,
Aspergillus sp., Cladosporium herbarum, Penicillium notatum, proved by in vivo and in vitro methods. All patients
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underwent the ImmunoCAP test and were assessed for sIgE to individual fungal allergens: m1 Penicillium
notatum, m2 Cladosporium herbarum, m3 Aspergillus fumigatus and m6 Alternaria alternata. The component-
resolved diagnosis to Alt a1 was performed for 10 patients with increased sIgE to m6 Alternaria alternata.
Results. All studied patients (100%) had elevated sIgE to Alternaria alternata. Eight (38%) patients were
sensitized to Penicillium notatum. 11 (52%) and 10 (48%) patients were sensitized to Cladosporium herbarum
and to Aspergillus fumigatus, respectively. Ten patients (48%) were monosensitized to Alternaria alternata. Nine
(90%) patients with sensitization to Alternaria alternata demonstrated elevated levels of IgE to Alt a1.
Conclusion. Alternaria alternata most often causes sensitization in patients with respiratory allergy. The
component-resolved diagnosis using Alt a1 is a precision marker to prove species-specific sensitization to Alter-

naria alternata.

Keywords: mold allergy; allergy to Alternaria alternata; Alt a1 component-resolved diagnosis.
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BsepeHune

[InecHeBble TpUObI SIBIAIOTCS CYLIECTBEHHBIM
KOMIIOHEHTOM OHO0a’p030Jieii OKpYXKarole Cpeabl, U
MHOTHE HX aJUIePreHbl CBSI3bIBAIOT C AJNIEPTUYECKUMHU
3a00JIeBaHHUSMH UYEJIOBEKa, B TOM YHCJIE C ajlepruye-
CKUM PHUHHUTOM, KOHBIOHKTHBHUTOM, OpOHXHAJIbHOM
ACTMOM U aIepru4eckKiuM OPOHXOJIETOYHBIM MUKO30M.
B sToM mutaHe ruieceHH OKa3bIBaIOT OoJiee 3HAUUMOE
BO3/IEHCTBUE Ha UMMYHHYIO CUCTEMY MallMEHTa, YeM
ObUIbLIA MM JpyrHe ObIToBble ajuieprensl [1]. M3-3a
ONaronpuATHBIX KIUMAaTHYECKUX YCJIOBHH alleprus
Ha IUIECEHb 4YacTo BcTpeuaercss B bomrapuu, u cen-
cuOwIn3anysi K IUIECHEBBIM I'pubaM OOHapy>KUBaeT-
Csl y MHOTHX IMalMEHTOB ¢ aronueid. OCHOBHbIE BHJIbI
TUIECHEBBIX TPUOOB, KOTOPBIC Yallle BCETO BBI3BIBAIOT
ceHcuOmnm3anu B crpane, — 310 Cladosporium,
Alternaria, Penicillium u Aspergillus. Panee mbl moka-
3anu, uyto 6% B3pPOCIBIX U JIETEH, TCCTUPOBAHHBIX 32
NoCJIeTHHE 5 JIET B OT/ENE aJlIIeProIoTuH, ObUIH MOHO-
CEHCUOMIM3UPOBAHBI K IUIECHEBBIM ajuiepreHam [2, 3].
Anneprusi Ha IJIECEHb MOXET OBITh JHarHOCTUPOBA-
Ha TpU [OMOINM KOXKHO-aJUIEPTUYECKUX Npod (MpHK-
TECT WIM HUHTpaJepMajbHBIA TECT) C aJUIEPreHHBIMU
DKCTPAKTaMU U3 ILNIECEHU WU in Vitro TECTaMHU OIpe-
JeNicHus. B CBIBOPOTKe KpoBu crneunu¢puueckux IgE x
TUIECHEBBIM aysiepreHaM. K coasieHuto, cpeau miec-
HEBBIX IKCTPAKTOB aJIJIEPIE€HOB YacTO BCTPEYaeTCs Ie-
peKpecTHasl peaKTUBHOCTb. DTO SIBJIEHHE YMEHbBIIAeT
TOYHOCTbH aHAJIN3a, B CBSA3U C YeM HEOOXOANUMBI SCHbIE
AJITOPUTMBI TIPEIU3UOHHON JMArHOCTUKH aJJIEPrUU
Ha 1wieceHu [4, 5]. Jnsa npeogonaeHus orpaHUUYCHUN B
JIMaTHOCTHKE HAa OCHOBE HaTypalbHbIX aJUIEPTE€HHBIX
3KCTPAKTOB B MOCieHee BpeMs B EBporie mpuMeHsoT
HOBBIH 11 Vitro METOJ MOJIEKYJISIPHOM, UJIX KOMIIOHEHT-
HOM, nuarHoctuku ajmuepruu (CRD), KoTopblit HCTONb-
3yeT MHAMBUAyalbHbIC PEKOMOMHAHTHBIC WM HATHB-
HBI€ aJlJIepreHHble MOJIEKYJbl. TeCThl OCYIIECTBISIIOTCS
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MOCPENCTBOM (DIFOOPECHEHTHOTO UMMYHOAaHaIU3a aB-
tomarudeckoit cucremot («ImmunoCAP») unu Ha oc-
HOBE MYJIBTUIIEKCHBIX MUKPOYHITOBBIX METOJUK [6].

Henbro naHHOrO HCCIeNOBaHUS SBISIETCS U3Y-
YeHUE CeHCUOMIM3alMu K HanboJjiee pacipoCTpaHeH-
HBIM BHJIaM ILIECHEBBIX TpuOOB B bonrapuu, a Takxke
onpejenenue nocpeactsom CRD crenenu ceHcuOu-
mu3anuu K Alt al — raBHOMY anepreny Alternaria
alternata.

MaTepman bl 1 MeToAbl

B uccnenoranue BriroueH 21 nanuent (14 geno-
BEK MY>KCKOTO I0JIa U 7 — 3KEHCKOT0, B Bo3pacte 5—40
JIET), Y KOTOPBIX BBISBICHBI CHMIITOMBI PECITUPATOPHOI
ameprud. Y 7 u3 HUX ObLI aJUIeprUueCKUil pUHHT, Y
9 — OpoHxuanbHas acTMa, a'y 5 — OpoHXHuasbHast acT-
Ma B COYCTAHWH C AJICPIHYECKHM PUHHTOM. Y BCEX
MAlMEeHTOB OOHApYXeH MOJOKUTEIbHBI KOKHBIN
TECT K rpynmnoBoMy ¢ynransHomy atepreny I («Bul
Bio NCIPDy», bonrapus), conepxaiuemy Alternaria
alternata, Aspergillus sp., Cladosporium herbarum,
Penicillium notatum. B cpIBOpOTKE KPOBHU y BCEX MalU-
CHTOB BBISIBJICH MOBBILICHHBI YPOBEHb ajjiepreHcre-
uudpuueckux IgE (sIgE) k Mukcty miecHeBbIx ajep-
reHoB Mx1 (knmacc 2—4), coaepxamemy Penicillium
notatum, Cladosporium herbarum, Alternaria alternata
u Aspergillus fumigatus («Phadiay).

VY mnauMeHTOB, BKJIIOYCHHBIX B HCCIIEIOBAaHUE,
omnpenensiii ¢ nomomplo «ImmunoCAPy namuune
sIgE k crmenyronM WHIUBUIYaTbHBIM HATYPaIbHBIM
IJIeCHeBbIM ajuiepreHam: ml Penicillium notatum, m2
Cladosporium herbarum, m3 Aspergillus fumigatus n
mo6 Alternaria alternata («Phadiay). WccnenoBanue
MPOBOAMJIM COIVIACHO HWHCTPYKUHMH IPOU3BOAMUTEILS,
IIPU 3TOM KOJIMUECTBO crienuduueckoro sIgE Bbipaxa-
mu B KUA/L, re yposens Boiie 0,35 KUA/L cuntancs
MOBBIILICHHBIM.
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Puc. 1. OnpepeneHue sIgE k uHanBMayanbHbIM anepreHHbIM 3KCTpaKkTaM NinecHeBbIX rPUOoB.
Fig. 1. Determination of sIgE to individual allergenic mold extracts

B ceiBopoTkax 10 naneHToB ¢ noBbleHHbIM SIgE
Kk m6 Alternaria alternata (5 — ¢ MOHOCEHCHOMIH3A-
uel U 5 — ¢ noJiMceHCHOMIM3aluel K IPyrum miec-
HEBbIM ajuiepreHaMm) nocpenctBoM «ImmunoCAP»
onpenensui sIgE k m229 Alt al («Phadiay).

Pesynprarel 00paboTaHbl MpH TOMOIIM IaKeTa
craructuueckux mnporpamm «GraphPad Prism 6.0»
(«GraphPad Software, Inc.»). Iloacuurana cpen-
Hsast BennuuHa (M) W cTaHAapTHas omuOKa CpejHe-
ro (SEM). Tect panroBoil koppensuuun CrnupmeHa
WCIOJBb30BAH JUIS BBISIBJICHHUS CBA3H MEXKAY ABYMS
KOJIMYECTBEHHBIMU TIOKA3aTeNIMH — KOJIMYECTBOM
slgE x m6 Alternaria alternata n sIgE x m229 Alt al.
CTaTHCTHYECKH 3HAYMMBIMH MPUHSTH 3HAYCHUS [IPH
p <0,05.

PesynbraTtbl

[Nonyuenusie 0600mennbie yposuu sIgE k nuau-
BUJIyaJIbHbIM aJJICPTCHHBIM JKCTPAKTaM HCCIICT0BaH-
HBIX BHJIOB IJICCEHH MPE/ICTABICHBI HA pHC. 1

VY Bcex 00cieI0BaHHbBIX MAIMEHTOB BhISBJICH MO-
BBIIICHHBIA ypoBeHb SIgE k Alternaria alternata — B
cpennem 15,84 + 8,52 KUA/L. Bocems (38%) maru-
CHTOB OKa3aJIuCh CEHCUOWIU3UPOBaHbI K Penicillium
notatum co cpenguuMm ypoBHem sIgE 1,46 = 0,73
KUA/L. V 11 (52%) manueHTOB BBISBICHBI TaKKe
slgE x Cladosporium herbarum u y 10 (48%) — k
Aspergillus fumigatus B xomnuectse 2,79+ 1,83 n 3,08 +
2,31 KUA/L cOOTBETCTBEHHO.

[Tpu aHanm3e MaHHBIX KAXKIOTO MAlMeHTa MoTyve-
HBI cIIeAyIoIe TpoduIu ceHcuOmm3anuy (Tadanua),

Mpodunu ceHcnbUNU3saumm K ccriefoBaHHbIM MJIECHEBbLIM annepreHam y nauMeHToOB C pecrnupaTopHOW annepruen
Sensitization profiles to the studied fungal allergens in patients with respiratory allergy

Mpodunu ceHenbunmsaumm
Sensitization profile

Yucno naumneHToB
Number of patients

Ne

Pen. not. Clad. herb. Asp. fum. Alt. alt. abc. / abs. %
1 - - - + 10 48
2 + + + + 8 38
3 - + + + 2 9,5
4 - + - + 1 4,5
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MO3BOJIMBIINE Pa3/CINUTh MAUEHTOB Ha 2 OCHOBHBIC
TPYIIIBL:
* 10 (48%) maumeHToB OKa3aJMcCh MOHOCEHCHOM-
TU3UPOBAHHBIMHU K Alternaria alternata;
* 11 (52%) nauneHTOB OBUIM UYyBCTBHUTEIBHBI K
OoJsiee yeM OHOMY BHJY IUIECEHH, IIPH 3TOM &
(38%) u3 Hux umenu sIgE k 4 rectupoBaHHBIM
TUIECHEBBIM aJUIEpPreHam.

V 10 nmaumeHToB ¢ cencuounusanueil k Alternaria
alternata ObU1a TIPOBEICHA MOHOKOMIIOHEHTHAsI MO-
JeKyJsipHas JUMArHOCTUKA ajulepruv Ha Alternaria
alternata c ucrionb3zoBaHueM pekoMOuHaHTHOTO Alt al
amneprena (rAlt al). Pesynbsrarsl ucciaeqoBaHus npen-
CTaBJICHBI HA pHC. 2.

[Tonygyennsie nanueie mokaszanu, uro 9 (90%) na-
LMEHTOB ¢ ceHcuOmimsanuein kK Alternaria alternata
MMEIOT TOBBIICHHBIH ypoBeHb SIgE k rAlt al. Tect
panroBoii koppemsiuun CrnupMeHa MoKa3al BBICOKYIO
(rg = 0,9152) monoxurenbHyo U CTaTUCTHIECKU 3HA-
yrMyro koppensinuio (p = 0,0003) MexIy CBIBOPOTOU-
HbIM ypoBHeM IgE x m6 Alternaria alternata v x rAlt
al y o0cnenoBaHHBIX MAIUEHTOB.

O6cyxpeHune

HccnenoBanusi, IpoBEICHHBIC B Pa3HBIX YaCTIX
MUpa, MMOKa3ajH, YTO CBEPXUYBCTBUTEILHOCTh K ILIE-
CEHU BCTPEYACTCS YacTO, OCOOCHHO CPEIy WHUBU/IOB
¢ pecniupatopHoi ajuieprued. TouHas BenMyuHa pac-
MPOCTPAHEHUS] CEHCUOMIN3AIUH K IJICCEHH HEU3BECT-
Ha, UG pbI BapbUpyOT OT 3 10 10% 00111ei normysium
[7]. Haubouiee yacTo ¢ pa3BUTHEM aJUICPrUH CBS3aHbI
4 pona muecHeBbIX TpubOB: Alternaria, Cladosporium,
Penicillium u Aspergillus [8]. B pe3yabrare MHOTHX UC-
CJIEJIOBaHUH YCTAHOBIICHO, uTO Alternaria alternata siB-
JISICTCSl OJIHAM U3 HauOoJiee BaXKHBIX IJICCHEBBIX I'PHU-
00B, BbI3bIBatONIUX ajuiepruto B EBpone, u 10 70% na-
LIUEHTOB IOKA3bIBAIOT MOJIOKUTEIbHBINA KOXKHBIM TECT

OPUTMHAJIbHBIE MCCNEAOBAHNA

Ha Alternaria alternata. Kpome T0T0, 10Ka3aHO, 4YTO OH
sIBIIsieTCsl (PaKTOPOM pHUCKa pa3BUTHs acTMbl [7-9]. Ha-
LI MCCIICIOBAHUE TAKXKE TIOKA3aJI0, YTO OOJIBIIMHCTBO
MAIMEHTOB C ajulepruell K IieceH! CeHCHOMIM3UPOBa-
HBI IPEUMYILECTBEHHO K Alternaria alternata, n'y 48%
W3 HUX BBISBICHa MOHOCEHCHOMIM3auus. OcTaibHble
52% nanueHToB ObUTH CEHCUOMIM3UPOBAHbBI OOJiee YeM
K OIHOMY BHJly IjieceHH, a 38% u3 Hux umenu sIgE ko
BCEM 4 HCCIIEOBAaHHBIM IUICCHEBBIM aJlIepreHam. JTo
ele pa3 MOATBEpXKIacT HAOMIONeHNe MHOTUX HCCIIeO-
Baresield, YTo MalUeHTHI, YyBCTBUTENbHbBIC K IUICCEHH,
CKOpee BCEro, CEHCHOMIM3MPOBAHbI K HECKOJIBKUM €e
Bugam [3, 4, 8].

CoBpeMeHHas MOCTaHOBKA JMarHo3a ajiepruy Ha
IUIECHEBBIC TPUOBI SBJSIETCSl TMOATAIHBIM MPOLIECCOM,
KOTOPBI BKIIOUaeT cOOp aHaMHe3a, KOYKHO-aJlJIepru-
YecKoe TECTHPOBaHHE, ONpPEACICHUE 00X U ajep-
rencnennguueckux IgE B chIBOpOTKE KpOBH M, €CIIU
HEOOXOIMMO, MPOBEACHUE MPOBOKALMOHHBIX TECTOB
[10]. Jnst mOBBIIIEHUS] TOYHOCTH TUArHO3a ajuiepruu
Ha IUIECEHb BCE 4Yallle HCIOJb3YIOT METOJ MOJIEKY-
JSIPHOW, WM KOMIIOHEHTHOM, aJIJI€pProguarHOCTUKU
C OTHCNBHBIMH PEKOMOMHAHTHBIMU MM €CTECTBEH-
HBIMHU aJUIEpPIeHHBIMU MoJiekynamu. Alt al — a3To ain-
JepreHHast Moliekyna Alternaria alternata, KOTOPYHO
pacno3Hatot antutena k IgE y 80-90% nanuenros c
ameprueit Ha Alternaria [11]. Dto u onpenenser Alt
al KaK Ma)KOpHBIN ajulepreH, K KOTOpOMY B OCHOBHOM
CEHCHOMITM3UPOBaHbI MAMeHTHI. [l0cKkoIbKy MoJIeKyaa
Alt al yHuKanbpHa JJIs JJAHHOTO BUJIA IJISCHEBOTO IPH-
0a, CeHCHOMITU3aIHS K 9TOMY aJlJICpTeHy ONpeeIseTCst
kak Bunocnenuduueckas aus Alternaria alternata [12,
13]. Takum oOpa3oM, HajaMuue ceHCcUOmIM3auu K Alt
al MOXXHO HCIOIB30BaTh KaK MapKep TOYHOCTH JJ0Ka3a-
TEJhCTBA AJUICPTUU HA JaHHBIN BUJ miiecend |14, 15].

Hawm pesynbrarel MOHOKOMIIOHEHTHON MOJIEKY-
JSIPHOW AMAarHOCTHKM MpH moMoinu rAlt al nokasbiBa-

sIGE, KUA/L
120 - Em6 Alt. alt.
100 A Om229 Alt a1
80 A
60 -
40 -
20
0 _J_| —) ﬂ I
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Puc. 2. CpaBHeHue ypoBHel sIgE k HaTypanbHOMY aKcTpakTy Alternaria alternata (m6) u sIgE k rAlt a1,
MOMyYEHHbIX METOAOM MOSEKYNAPHON ANArHOCTUKM NaLMEHTOB C PECNMPaTOPHON anneprmuen.

Fig. 2. Comparison of the amounts of sIgE to crude extract of Alternaria alternata (m6) and results of CRD with rAlt a 1
in patients with respiratory allergy.
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10T, 4T0 90% 00cCIeq0BaHHBIX MAMEHTOB C CEHCHOH-
nu3anueit Kk Alternaria UIMEIOT TOBBIICHHBIA YPOBEHb
IgE x rAlt al ¢ BBICOKO#1 MTOJIOKUTEIBHOU (rg=10,9152;
p = 0,0003) koppensiiueil ¢ CBIBOPOTOYHBIM YPOBHEM
IgE k Alternaria.

OnHO W3 HOCHENHUX HUCCIENI0BaHUM, BKIIOYAIO-
mee 80 eBpONeCcKUX MAaIMeHTOB, MMOKa3ajo, 4to rAlt
al MOXXeT OBITh MCIIOJIB30BaH ISl JUArHOCTHKH 98%
MAIUeHTOB ¢ ajuieprueii Ha Alternaria alternata n 4to
noutu Bce crnenuduyeckue IgE y sTHX naunueHToB
HanpasieHbl npotuB Alt al [16]. Takoe 3akiroueHue
npeanonaraet, uro Alt al MOKHO MCTONIB30BAThH B Ka-
YEeCTBE HAJIEKHOTO JUArHOCTUYECKOr0 MapKepa BUIO-
cnernuduueckor ceHCUOMIU3auu Kk Alternaria v oH
MOXET OBbITh aNBTEPHATHBOIN HATYPaIbHOMY SKCTPAKTY
Alternaria B JTMarHoOCTUYECKUX i Vitro IMAHEISX.

EcrecTBeHHBbIl aiepreHHbId SKCTPaKT Alternaria
alternata coaep UT U APYTUE AJNICPTSHHBIC MOJICKYJIBI,
HEKOTOpBIE M3 KOTOPBIX TOKE MOTYT OBITh WACHTH(U-
LIMPOBaHbI KaKk MaykopHbIe ajuieprensl [17]. Hampumep,
Alt a2 (ampaerumuerujporenasa) — Bujocnenupu-
yeckuid ayuiepre u Alt a5 (sHosa3a) — naHajiepres,
KOTOPBII HAXOAUTCS B HEKOTOPBIX (PYHTaJIbHBIX ajiep-
reHHbIX 3kcTpakTax [18]. IlepekpecTHast peakTHBHOCTh
Alternaria alternata ¢ npyruMu BHJIAMU TUIECHEBBIX
rpubOOB, KOTOPBIE PACIIPOCTPAHSIIOTCSI BO3LYIIHBIM Iy~
TeM, MOAPOOHO OmMUcCaHa U MOXKET ObITh 00yCIIOBIICHA
JpyTUMU ajuiepreHHsIMu Mosekyiamu [19]. Ectb no-
Ka3arenbCcTBa, YTO 3HAYMTENbHas JOJs MAlMEHTOB,
YyBCTBHUTEIBHBIX K Alternaria alternata, nonucencu-
Ounm3upoBaHa K OoJyiee 4YeM OIHOMY BHUJY IUIECHEBBIX
rpuOOB U MOXET TarKke ObITh CEHCHOWJIN3UPOBaHA K
JPYTUM MCTOYHHKAM a’poalJIepreHOB B OKpYy’Karolei
cpefie: IblIblie, KIelaM WIN JaXe MULIEBBIM aJuiep-
redam [§8]. Ilo-BuauMomy, HaIMUWe TAKOTO BBICOKOTO
MPOIICHTA MMOTUCEHCUOMIIN3AIMH K Pa3InYHbIM BUIAM
IUIECHEBBIX TPUOOB y MAIMEHTOB, BKIIOYCHHBIX B Ha-
CTOsIILIee MCCIeJOBaHUEe, MOXKET OBITh BBI3BAHO IEpe-
KPECTHON PEAKTUBHOCTBIO.

3akniouyeHuve

Alternaria alternata yaie BCero npuBOJUT K CEH-
cUOWIIN3aIMH Y TALEHTOB C PECIIMPATOPHOH ajiepru-
eil. Yposens aimeprencnenuduyeckux IgE k nannomy
BUY TUIECHEBOTO rpuba Hanbosee BHICOKUN U HaOIIO-
Jaercsi B OOJNBLIOM MPOICHTE CIIy4aeB y MalEeHTOB C
MOHOCEHCHOWIH3auue. MoJeKyIsIpHy0 KOMIIOHEHT-
HYI0O JAMarHOCTHKY € TOMOINbpio rAlt al MoxHO wHc-
MOJIb30BaTh KaK MapKep UIsl 10Ka3aTesIbCTBa BUIOBON
cencubwnmsauuu K Alternaria alternata. bonee Toro,
9TOT PEKOMOMHAHTHBIM ajyiepreH MOXKET OBITh allb-
TEPHATUBOW HCIOJNB30BAHUIO HATYypaJIbHOTO JKCTPaK-
Ta Alternaria B IMarHOCTUYECKUX in Vitro TaHENsX.
Wnentudukanus 1 XapakTepUCTHUKA MOJHOTO CIEKTpa
ajuiepreHoB Alternaria v pa3paboTka HOBBIX METOJIOB,
OCHOBAaHHBIX Ha aJJICPT€HHBIX PEKOMOMHAHTHBIX Oel-
Kax, MO3BOJIUT TOJIyyaTh Oojiee KadyeCTBEHHBIE TECTO-

BBIC PEIICHUS ISl YAYUIICHUS TUATHOCTUKU aJlJIePTUH
Ha Alternaria alternata v apyrue mieCHEBbIC TPUOBIL.
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Sensitization to Fungal Allergens in Patients with Respiratory
Allergy - Accuracy in Diagnostic Process

Diana Hristova., Yana Kandova, Georgi Nikolov™, Bogdan Petrunov

National Centre of Infectious and Parasitic Diseases, Sofia, 1504, Bulgaria

Introduction. In Bulgaria, mold allergies are common, and sensitization to different fungal species is found in
many patients with atopy.

The objective of this study is to explore sensitization to the most widespread mold species in Bulgaria, and
to determine the extent of sensitization to Alt a1, a major allergen of Alternaria alternata, by using component-
resolved diagnosis.

Materials and Methods. 21 patients (14 males and 7 females, age range 5—40 years), with respiratory allergy
participated in the study. All patients are sensitized to mix of fungal allergens containing: Alternaria alternata,
Aspergillus sp., Cladosporium herbarum, Penicillium notatum, proved by in vivo and in vitro methods. All patients
underwent the ImmunoCAP test and were assessed for sIgE to individual fungal allergens: m1 Penicillium
notatum, m2 Cladosporium herbarum, m3 Aspergillus fumigatus and m6 Alternaria alternata. The component-
resolved diagnosis to Alt a1 was performed for 10 patients with increased sIgE to m6 Alternaria alternata.
Results. All studied patients (100%) had elevated sIgE to Alternaria alternata. Eight (38%) patients were
sensitized to Penicillium notatum. 11 (52%) and 10 (48%) patients were sensitized to Cladosporium herbarum
and to Aspergillus fumigatus, respectively. Ten patients (48%) were monosensitized to Alternaria alternata. Nine
(90%) patients with sensitization to Alternaria alternata demonstrated elevated levels of IgE to Alt a1.
Conclusion. Alternaria alternata most often causes sensitization in patients with respiratory allergy. The
component-resolved diagnosis using Alt a1 is a precision marker to prove species-specific sensitization to Alter-
naria alternata.

Keywords: mold allergy; allergy to Alternaria alternata; Alt a1 component-resolved diagnosis.
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CeHcnbununsaymsa K annepreHam naecHeBbIX rPMO0OB y NaLMeHTOB
C pecnupatopHoun annepruen. OnTuMnsaymna gUarHoCcTUYeCcKoro
npouecca

Xpucrosa [1., Kanpgosa ., Hukonos I.*, lNeTpyHoB b.

HavuroHanbHbIN LeHTP MHOEKUMOHHDBIX 1 NapasuTapHbix 6onesHein, 1504, Codua, bonrapua

AxTyanbHocTb. B Bonrapumn yacto BcTpeyaeTcst anneprms Ha nnecHesble rpubbl, ceHenbnnmaaums K pasnuy-
HbIM annepreHam rpubos 06HapyXMBaeTCs y MHOMMX NaLMEHTOB C aTOMMEN.

Llenb faHHOroO nccnegoBaHns — yCTaHOBUTL YYyBCTBUTENBHOCTb K Hambornee pacnpocTpaHeHHbIM BUgam nnec-
HeBbIX rpnbos B Bonrapum n onpegennTb ¢ NOMOLLbIO KOMAOHEHTHOW AMarHOCTUKN Hannyne ceHenbunusauum K
Alt a1 — ogHomy 13 rmaBHbIx annepreHoB Alternaria alternata.

MaTtepuanbl u meTtoabl. B o6cnenoBaHue BkNoYeH 21 nauMeHT ¢ pecnupaTopHON annepruen B Bo3pacte 5—
40 net. CeHcmbunmsaumsa K MMKCTam rpubKoBbIX annepreHoB, cogepxawnx Alternaria alternata, Aspergillus sp.,
Cladosporium herbarum, Penicillium notatum, y Bcex nauMeHTOB [oka3aHa NocpeacTBOM AMArHOCTUKK in Vivo
n in vitro. Kpome TOro, Bce nauneHTbl TeCTMPOBaHbl ¢ NoMoLLblo «ImmunoCAP» Ha Hanuuve annepreHcneum-
duyeckux IgE k otaensHeiM rpubkoBeiM annepreHam: m1 Penicillium notatum, m2 Cladosporium herbarum, m3
Aspergillus fumigatus n m6 Alternaria alternata. ¥ 10 n3 obcrnefoBaHHbIX NaLMEHTOB C NOBbILWEHHbIM SIGE k m6
Alternaria alternata npoBegeHa KOMMOHEHTHAsA AMarHoCTMka ¢ nomollbto Alt a1.
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PesynbraThl. Bce o6cnenoBaHHble nauveHTbl UMEnu NoBbILWEHHbIN YpoBeHb SIQE k Alternaria alternata. V13 Hnx
10 (48%) nauneHTOB NPOSIBUIN YYBCTBUTENLHOCTL TONLKO K Alternaria alternata. Y 8 (38%) nauneHToOB BbisiBre-
Ha ceHcmbunusaums k Penicillium notatum, y 11 (52%) — « Cladosporium herbarum n'y 10 (48%) — k Aspergillus
fumigatus; 9 (90%) naumeHTOB C ceHcmbunusauven k Alternaria alternata imenu noBbILEHHBIN ypoBeHb IgE k
Alt af.

BbiBoabl. Alternaria alternata 4awe Apyrmx BMAOB NIECHEBbIX rPMOOB BbI3bIBAET CEHCMOMMM3aLMIO Y naum-
€HTOB C pecnupaTtopHon annepruenn B bonrapumn. KomnoHeHTHasa anneprogmarHocTMka C MCMONb30BaHUEM
Alt a1 — rnaBHoro annepreHa nneceHn — faeT NOSIHOE A0Ka3aTeNnbCTBO BUAOCMELMdpUYECKo ceHenbunmaauum
K Alternaria alternata.

Knroyeenle crioea: annepaus Ha rifiecHesble epubbi; annepaus Ha Alternaria alternata; komnoHeHmHasi duazHoc-

muka ¢ nomouwbto Alt af.

UcmoyHuk ¢puHaHcupoeaHusi. ABTOPbI 3a8BNSIOT 06 OTCYTCTBUM (PUHAHCUPOBAHWS MPU NPOBEAEHWN UCCrie-

noBaHuA.

KoHgbriukm uHmepecos. ABTOPbI AEKNapUpyrOT OTCYTCTBUE SBHbIX U MOTEHLMANbHbIX KOHAIUKTOB NHTEpe-
COB, CBSI3aHHbIX C Nybnvkauunen HacTosLweR CTaTb.

Ans yumupoeanusi: Xpuctosa [., Kangosa A., Hukonos I, MetpyHoB b. CeHcubunusaums k annepreHam
nnecHeBblX rPMOOB y NAUMEHTOB C pecnupaTopHo annepruen. ONTMMmU3aumsa AMarHoCTUYECKOro npowecca.
XKypHan mukpobuomnoauu, anudemuonoauu u ummyHobuonoauu. 2020; 97(2): 119-124.

DOI: https://doi.org/10.36233/0372-9311-2020-97-2-119-124

Introduction

Fungi are major components of environmental
bioaerosols; many mold allergens have been associat-
ed with allergic diseases in humans, including allergic
rhinitis, conjunctivitis, bronchial asthma and allergic
broncho-pulmonary mycoses. Thus, molds have a far
greater impact on people’s immune system than pollen
or other allergenic sources [1].

In Bulgaria, due to favorable climatic conditions,
mold allergy is common, and sensitization is found in
many patients with atopy. The main mold species, which
most often cause sensitization in our country, are: Clad-
osporium, Alternaria, Penicillium and Aspergillus. Our
previous findings show that at least 6 % of the adults
and children evaluated in our department over the last
5 years are mono-sensitized to fungal allergens [2, 3].

Sensitization to fungi can be detected through skin
prick and intradermal tests with fungal extracts or in
vitro tests for specific IgE antibodies. Unfortunately,
cross-reactivity among molds is a commonly observed
phenomenon. It reduces the accuracy of the mold al-
lergy diagnosis; therefore, clear algorithms for accurate
diagnostic process are required [4-5].

To overcome limitations typical of standard al-
lergy diagnostics relying on crude allergen extracts,
European allergists have turned to molecular or com-
ponent-resolved diagnostics (CRD) using individual
recombinant or native allergenic molecules tested on a
florescence enzyme immunoassay (ImmunoCAP) or a
microarray-based assay platform [6].

The objective of this study is to explore sensitiza-
tion to the mold species most common in Bulgaria, and
to determine the extent of sensitization to Alt a 1 — the
major allergen from Alternaria alternata using CRD.
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Materials and methods

21 patients (14 males and 7 females, age range 540
years) participated in the study. All patients suffered from
clinically manifested respiratory allergy. Seven of them
had allergic rhinitis, 9 patients had bronchial asthma and
5 — bronchial asthma and allergic rhinitis.

All patients had a positive allergy skin test to EI
Mixed fungal allergen (Bul Bio NCIPD) containing:
Alternaria alternata, Aspergillus sp., Cladosporium
herbarum, Penicillium notatum.

All patients had elevated allergen-specific IgE
(sIgE) — class 2—4 when tested in vitro by ImmunoCAP
with mx1 Mold mix (Phadia) containing Penicillium
notatum, Cladosporium herbarum, Alternaria alterna-
ta and Aspergillus fumigatus.

The patients participating in the study were test-
ed using ImmunoCAP for sIgE to the following indi-
vidual fungal allergens: m1 Penicillium notatum, m2
Cladosporium herbarum, m3 Aspergillus fumigatus
and m6 Alternaria alternata (Phadia). The study was
performed according to the manufacturer's instructions.
The amount of allergen-specific sIgE was calculated in
KUA//I. The levels above 0.35 KUA /I were considered
as elevated.

10 patients with elevated sIgE to m6 Alternaria
alternata (5 with monosensitization and 5 with poly-
sensitization to the other studied mold allergens) were
evaluated for sIgE to m229 Alt a 1 using Immuno-
CAP according to the manufacturer's instructions. The
amount of sIgE was calculated in KUA/I, with levels
above 0.35 KUA/I being considered as elevated.

The results were statistically processed by using
the GraphPad Prism 6.0 software package (GraphPad
Software, Inc.). The mean (M) and standard error of
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the mean (SEM) were calculated. Spearman's rank-or-
der correlation test was used to measure the strength
and direction of the association between two ranked
variables — sIgE to m6 Alternaria alternata and sIgE
to m229 Alt a 1. P values of <0.05 were considered sta-
tistically significant.

Results

Summarized results for the sIgE levels to indivi-
dual allergen extracts from the studied mold species are
shown in Fig. 1.

All 21 patients (100%) had elevated IgE to Alter-
naria alternata, with the measured amount averaging
15.84 + 8.52 KUA/I. Eight (38%) patients were sensi-
tized to Penicillium notatum with an amount of sIgE
of 1.46 + 0.73 KUA/L. 11 (52%) patients were sensi-
tized to Cladosporium herbarum, and 10 (48%) pa-
tients were sensitized to Aspergillus fumigatus, with
amounts of IgE 2.79 + 1.83 and 3.08 + 2.31 KUA/I,
respectively.

Based on the analysis of the data for every patient
we identified the following profiles of sensitization (Ta-
ble).

According to the results, two main groups of
sensitization were identified. Ten (48%) patients were
monosensitized to Alternaria alternata. The other 11
patients (52%) were sensitized to more than one fungal
species and 8 (38%) patients had sIgE to all four tested
mold allergens.
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Mono-component resolved diagnosis using a re-
combinant Alt a 1 allergen (rAlt a 1) was performed for
10 patients with sensitization to Alternaria alternata (5
with monosensitization and 5 with polysensitization).
The results of the study are shown in Fig. 2.

The data show that 90% (n=9) of the studied pa-
tients with sensitization to Alternaria alt. had elevated
levels of IgE to rAlt a 1. The Spearman's rank-order
correlation test showed a high (rs = 0.9152), positive
and statistically significant (p = 0.0003) correlation be-
tween serum levels of IgE to Alternaria and those to
rAlta 1 in the studied patients.

Discussion

Surveys conducted in various parts of the world
demonstrated that sensitization to fungi is common,
particularly in patients with respiratory allergy. The ex-
act prevalence of mold sensitization is not known but is
estimated to range from 3% to 10% in the general po-
pulation [7]. The 4 genera most commonly associated
with the development of mold allergy are: Alternaria,
Cladosporium, Penicillium, and Aspergillus [8].

Many studies proved that Alternaria alternata is
one of the most important allergenic molds in Europe,
and up to 70% of mold-allergic patients show positive
skin test to Alternaria alternata; it is known to be a risk
factor for development of asthma [7-9].

Our study also demonstrated that most of the pa-
tients with mold allergy were sensitized primary to Al-
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Fig. 1. Determination of sIgE to individual allergenic mold extracts
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Sensitization profiles to the studied fungal allergens in patients with respiratory allergy

Sensitization profile Number of patients
e Pen. not. Clad. herb. Asp. fum. Alt. alt. abs. %
1 _ _ — + 10 48
2 + + + + 8 38
3 - + + + 2 9,5
4 - + - + 1 4,5

ternaria alternate, and 48% of patients had monosen-
sitization to Alternaria alternata. The other 52% of pa-
tients were sensitized to more than one fungal species
and 38% of patients had sIgE to all four tested mold
allergens. These findings confirm the observation of
many researchers that patients allergic to moulds are
usually sensitised to several species [3, 4, 8].

Diagnosis of mold allergy, as routinely performed
today, is a stepwise process, including anamnesis, de-
termination of total and allergen-specific IgE antibo-
dies, skin tests and, if necessary, other provocation
tests [10].

To improve the accuracy of contemporary diagno-
sis of mold allergy, allergists use CRD with individual
recombinant or native allergenic molecules more and
more frequently .

Alt a 1 is an allergen molecule that is recognized
by IgE antibodies in 80-90% of Alternaria allergic in-
dividuals [11]. Thus, Alt a 1 can be seen as a major
allergen of Alternaria alternata, to which patients are
primarily sensitized. As the Alt a 1 molecule is specific
only to this fungal species, sensitization to this allergen
is defined as species-specific for Alternaria alternata
[12—13]. Thus, the existing sensitization to Alt a 1 can
be used as a precision marker to prove allergy to this
fungal species [14—15].

Our results from mono-component resolved di-
agnosis using a rAlt a 1 show that 90% of the studied
patients with sensitization to Alternaria have elevated

120 4

levels of IgE torAlta 1, and there is a high (rs =0.9152),
positive and statistically significant (p = 0.0003) cor-
relation between serum levels of IgE to Alternaria and
those to rAlta 1.

Recently, the study including 80 European pa-
tients showed that rAlt a 1 can be used to diagnose 98%
of patients with allergy to Alternaria alternata and that
almost all specific IgE in these patients were directed
against Alta 1 [16].

This finding suggests that Alt a 1 can be used as
a reliable diagnostic marker allergen for genuine sen-
sitisation to Alternaria and could be alternative to the
Alternaria extract in diagnostic panels in vitro.

The natural allergenic extract of Alternaria alter-
nata also contains other allergenic molecules, some of
which can also be identified as major allergens [17].
These are, for example, Alt a 2 (aldehyde dehydro-
genase), a species-specific allergen, and Alt a 5 (eno-
lase) — panallergen, which is found in a number of fun-
gal allergenic extracts [18].

The cross-reactivity of A. alternata with other
airborne fungal species has been extensively described
[19] and there is evidence that a significantly high per-
centage of patients sensitized to A. alternata are po-
ly-sensitized to more than one other fungal species and
might also be sensitized to other environmental aeroal-
lergen sources such as pollens, mites or even to food al-
lergens [8]. Therefore, it can be assumed that the pres-
ence of such a high percentage of patients poly-sensi-

Em6 Alt. alt.
100 - Om229 Alt a1
a 80 1
S
x 60 A
w
k=)
" 40
N h
0 _J_| — ﬂ ]
S 454 S 457 S 597 S 603 S 734 S 737 S772 S 819 S 943 S 1163

Fig. 2. Comparison of the amounts of sIgE to crude extract of Alternaria alternata (m6) and results of CRD with rAlt a 1
in patients with respiratory allergy.
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tized to different mold species in the present study can
be explained by cross-reactivity.

Conclusion

Alternaria alternata most often causes sensitiza-
tion in patients with respiratory allergy. The levels of
allergen-specific IgE to this fungal species are the high-
est. Moreover, this fungal species is the most common
cause of the monosensitization.

The component-resolved diagnosis using rAlt a 1
can be used as a precision marker to prove species-spe-
cific sensitization to Alternaria alternata and could be
alternative to the use of Alternaria extract in diagnostic
panels in vitro.

The identification and characterization of the
whole array of Alternaria allergens and new techniques
based on allergenic recombinant proteins will contrib-
ute to preparation of higher quality test solutions to im-
prove Alternaria allergy diagnosis.
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XapaKTtepuctuka cBA3biBaHNA BaKLMHHbIX WuiTamMmoB Bupyca Varicella

Zoster ¢ npenapartammn MEM6paHHbIX peuenTopoB Mo3ra MbiLLen
Harvesa ®.I'™, bapkoBa E.I1., CrpoeBa A.[l., Cnpopos A.B., Jlotte B.[1., 3Bepes B.B.

OIBHY «HayuHo-nccnenoBatenbCKUii MUHCTUTYT BaKLMH U CbIBOPOTOK MM. V.W. MeuHukoBa», 115088, MockBa, Poccusa

Llenb paboTel — oxapakTepun3oBaTb BaKLUHHbIE LWITammbl VFiraVax (Bo3byauTens BeTpsiHOM ocnbl — VZV) n
vZelVax (Bo30yaouTenb onosicbiBatoLLero repneca — HZ) no nx cnocobHOCTM K CBA3bIBAHMIO C NpenapaTtamMmn MeMm-
OpaHHbIX peuentopoB Mosra SPF mbiwen nuHum BALB/c.

Marepuansi u meToabl. B paboTe vcnonb3oBanu paspaboTaHHble aBTOpamMy Ha OCHOBE AUKOTO POAUTENBCKOrO
Bupyca pFira VZV (Bo3byauTenb BETPSAHON OCMbl) U NAaTEHTHOrO poauTenbCcKoro Bupyca lpZe HZ (Bo3byautens
OMNosIChIBAKOLLEro repneca) xornogoaganTMpoBaHHble BakLMHHbIE BUMPYCHble WwTaMmbl VFiraVax VZV n vZelVax
HZ; BakuMHHble WTammbl VOKa, BblAeMNeHHblE U3 BakUMH Ans npodunaktukm VZV-uHdekumn aByx npousBo-
outenen (Benukobputanus, CLUA); wtamMmm AMNnonaHbiX KNEeToK Nerkux amopuoHa yenoseka J1OY-3; wramm
OUNMAOUAHBIX KNETOK KOXHO-MbILLEYHON TKaHu ambpuoHa venoseka KM 27; nepBuyHblE 1 AMNNOUAHBIE KINETKU
punbpobnactoB 3MOPMOHOB MOPCKMX CBMHOK.

MHMEeKLUMOHHY0 akTMBHOCTb VZV onpeaensanu Metogom npeaernbHbIX pa3BedeHunii BUpyca Ha KNeTOYHbIX Kyrb-
Typax KM 27 nnn coubpobnactoB aMOpMOHOB MOPCKUX CBUHOK. TUTP BUpYCa yCTaHaBNvBanu no peakuun remag-
copbummM co B3BECbK 3PUTPOLIMTOB MOPCKOWM CBUMHKM MK YeroBeka «0» rpynnbl, pe3dyc nntoc. [ns nccneposa-
HWS1 BUPYCHOrO npenaparta B 3/IEKTPOHHOM MUKPOCKOME MCMofb30Banu MEeTO HEraTMBHOIO KOHTPACTUPOBaHMS.
MIMMyHOreHHOCTb BUpYCHBIX WTammoB VFiraVax VZV n vZelVax HZ cpaBHmBanu ¢ UMMYHOTE€HHOCTBIO BUPYCHbIX
wrammoB vOka VZV pasHbix NpousBoguTenel B nepekpecTHON peakLumm HenTpanm3awmm UIMMYHHBIX CbIBOPOTOK.
Pe3ynbraTtbl. OTe4ecTBEHHbIE XON040a4ANTMPOBAHHbIE BaKUUHHBLIE WTamMMbl VFiraVax VZV n vZelVax HZ, po-
ONTeNbCKUIN nateHTHbIn Bupyc IpZel HZ n BakumHHBLIM wtamm vOka VZV (BenukobputaHus) He cBA3bIBaNunChL ¢
npenapatamu HeripopeLenTopoB mo3ra SPF mbiwel nuHun BALB/c B oTnuume oT ANKOro poauTenbCKoro Bapu-
aHTa pFira VZV n BakumHHbIX wtammoB vOka VZV (CLUA); oTcyTCTBME HENPOTPOMNHOCTN OTEYECTBEHHbIX Bak-
UMHHBIX WTammoB VFiraVax VZV u vZelVax HZ He cBA3aHO CO CHMXEHMEeM MMMYHOTEHHOCTU MO OTHOLLUEHUIO K
3apybexHbIM aHanoraMm; B KOHLEHTpaTe BUpyccoaepXallen xuakoctv vFiraVax VZV npu anekTpoHHO-MUKPOCKO-
NMYECKOM MccrnenoBaHMmn obHapyxeHbl Hykneokancuasl VZV.

BbiBoabl. CyLecTBYOT pa3nuuunga B cnocobHoctr VZV K CBA3bIBaHMIO C NpenapaTtaMmy MembpaHHbIX peLenTopos
mo3ra SPF mbiwen nuHum BALB/c, 06ycnoBneHHble pa3nuumsiMm B TEXHOMNOIMUSIX CO34aHNS BaKUMH, B TOM Yucre
crnocobamu aTTeHyauum, NosydeHus1 BaKUMHHOMO LITaMMa, OCOGEHHOCTAMU POAUTENBCKOrO NAaTEHTHOrO BUPY-
ca IpZel HZ. [lokazaHo OTCYTCTBUWE CBSi3blBaHWS C npenapatamu HevpopeLenTopoB mosra SPF Mblwen nuHumn
BALB/c oTevyecTBeHHbIX BakLUMHHbIX WTammoB VFiraVax VZV u vZelVax HZ, He cBA3aHHOE CO CHWKEHUEM UX M-
MYHOreHHOCTU. MeToa OLeHKM CBSI3bIBaOLLEN CMOCOOHOCTU BaKUUHHBIX WTamMMoB VZV MOXeT OblTb NPUMEHEH
B KayecTBe NpeaBapuUTENbHOM XapaKTepUCTUKN HEMPOTPOMNHOCTM BHOBb CO34aBaeMblX BaKLMHHbBIX LUTAMMOB U
BaKUMHHbIX NpenapaTos.

Knrodeesnie criosa: supyc eempsiHOU OCribI U Orosichblgarouje2o eepreca; OuKul poOumernbCKul 8upyc; nameHm-
HbIU podumernbeKul supyc; xornodoadanmupoeaHHbIU 8aKUUHHbIU 8UPYCHbIU WMmMaMM; ammeHyupo8aHHbIe 8aK-
UUHHbIEe 8UPYCHbIe WmaMMbl; rpenapam membpaHHO20 peuernmopa mMo32a Mbiwel; UHEeKUUOHHOCMb 0bpas-
ua; HelipomponHOCMb.
HUcmoyHuk chuHaHcupoeaHus. ABTOpbI 3as1BMsOT 06 OTCYTCTBUMU (hMHAHCMPOBAHWUS NPV NPOBEAEHUN Uccre-
[OBaHUs.
KoHgbriukm uHmepecoe. ABTOpbI AEKINAPVPYIOT OTCYTCTBUE SIBHBIX U NOTEHLMAmNbHbLIX KOH(IIMKTOB MHTEPE-
COB, CBA3aHHbIX C ny6n|/||<au|/|e|7| HaCTOﬂLLleVI CTaTbW.
Anst yumupoearus: Harnesa @.I", bapkosa E.I1., Ctpoesa A.[l., Cugopos A.B., Jlotte B.[., 3BepeB B.B. Xa-
pakTepucTUKa CBsI3biBaHUsi BaKLMHHbBIX LUTaMMOB Bupyca Varicella zoster ¢ npenapatamvm MembpaHHbIX peLen-
TOPOB Mo3ra MbilLen. XKypHa mukpobuomnoauu, anudemuonoauu u ummyHobuonoauu. 2020; 97(2): 125-133.
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Characterization of Binding of Varicella Zoster Virus Vaccine Strains

to Preparations of Mouse Brain Membrane Receptors

Firaya G. Nagieva™, Elena P. Barkova, Alexandra D. Stroeva, Alexandr V. Sidorov,
Vera D. Lotte, Vitaly V. Zverev

I. Mechnikov Research Institute for Vaccines and Sera, 115088, Moscow, Russia

Purpose: characterization of vFiraVax (the causative agent of chickenpox — VZV) and vZelVax (the causative
agent of shingles — HZ) vaccine strains by their ability to bind to preparations of brain membrane receptors of
SPF BALB/c mice.
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Materials and Methods. The study was performed on cold-adapted vFiraVax VZV and vZelVax HZ vaccine strains
developed by the authors on the basis of the wild-type parental pFira VZV virus (chickenpox causative agent) and
the latent parental IpZel HZ virus (shingles causative agent); vOka vaccine strains isolated from vaccines against
VZV infection from two manufactures (United Kingdom and USA); the HEL-3 strain of diploid cells from human
embryonic lung tissue, the MC 27 strain of diploid cells from human embryonic musculocutaneous tissue, primary
and diploid cells from guinea pig fetal fibroblasts. The VZV infectivity was estimated by the limiting dilution method
using MC 27 cell cultures or guinea pig fetal fibroblasts. The virus titer was measured by the hemadsorption
test performed with suspensions of red blood cells from guinea pig or human type 0 positive blood. Negative
staining and electron microscopy were used to study the virus preparation. The immunogenicity of vFiraVax VZV
and vZelVax HZ virus strains was compared with the immunogenicity of vOka VZV virus strains from different
manufacturers by using a cross-neutralization test with immune sera.

Results. The Russian cold-adapted vFiraVax VZV and vZelVax HZ vaccine strains, the latent parental IpZel HZ
virus and the vOka VZV vaccine strain (United Kingdom) did not bind to preparations of brain neuroreceptors of
SPF BALB/c mice as distinct from the wild-type parental pFira VZV variant and vOka VZV vaccine strains (USA);
the absent neurotropism of Russian vFiraVax VZV and vZelVax HZ vaccine strains is not connected with the
decreased immunogenicity in relation to foreign counterparts; the electron microscope study of the vFiraVax VZV
virus containing liquid concentrate detected VZV nucleocapsids.

Conclusion. The differences in the VZV ability to bind to preparations of brain membrane receptors of SPF
BALB/c mice can be explained by the differences in the technology of vaccine manufacturing, including attenua-
tion techniques, obtaining of the vaccine strain, specific characteristics of the latent parental IpZel HZ virus. The
absence of the binding with brain neuroreceptors of SPF mice has been proved for the Russian vFiraVax VZV
and vZelVax HZ vaccine strains which was is not connected with a decrease in their immunogenicity. The method
of assessment of the binding ability of VZV vaccine strains can be used as a preliminary characteristic of neurot-
ropism for newly created vaccine strains and for vaccine products.

Keywords: varicella-zoster virus; wild-type parental virus; latent parental virus; cold-adapted vaccine strain; attenu-

ated vaccine strains; preparation of mouse brain membrane receptors; infectivity of the sample; neurotropism.
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BBepeHune

Bupyc Berpsinoit ocnbl (VZV) sBisieTcsi BBICOKO
KJICTOYHOCBSI3AHHBIM ~ HEHPOTPOIHBIM  O-I'€pPIIECBU-
pycoM deJioBeKa M BO30OYAMTENEM BETPSHOM OCIBI M
onosiceiBatonero repreca (HZ). I[locne nepBuyHON MH-
¢dexuun VZV ycTaHaBIMBaeT MPOAOIIKHUTENBHYIO Jia-
TEHTHYIO MH(EKLUHUIO B YyBCTBUTEIBHBIX TAHIIUAX TI€-
pudeprueckoil HEPBHOW CHCTEMBI M PEaKTHBHPYETCS
M03/IHEE C UHAYKLIHUEN HEBPOJIOTUYECKNUX PACCTPONCTB.
[lepBuunbie n peunauBHpytomue uHGekunn VZV 6o-
Jiee TsDKENbl y MAalUeHTOB ¢ OCIa0JeHHBIM UMMYHUTE-
TOM, TOCKOJIBKY HCXOJ 3a00JIeBaHMsI 3aBUCHT OT 3(-
(EeKTHBHOTO KIJIETOYHOOMOCPETOBAHHOTO HWMMYHHOTO
orBeTa. PeaktuBauus VZV U3 IaTEHTHOCTH B YyBCTBU-
TEJbHBIX HEPBHBIX TAHIIIUAX SIBISETCS MPSMBIM CIIE-
CTBUEM ero HelpoTpomnHoctu [1-3].

st u3ydeHnss HEMPOTPOIIHOCTH, JIATEHTHOCTH U
peaktuBanu VZV pa3paboTaHO HECKOJIBKO MOAeJeH
in vivo [4, 5]. HecmoTpss Ha WHPOPMATUBHOCTH, DTH
MOJICIU (1 VIivo HE IOAXOASAT IJIS MEXaHUCTUYECKHUX
uccienoBaHuil. bomee TOro, OHM HENOCTYIHBI LIMPO-
KOMY Hay4YHOMY COOOIIECTBY, IOTOMY YTO TEXHHYECKH
CJIO)KHBI, IOPOTH U HE MO3BOJISAIOT MOJIYYHUTh 0100pe-
HUE 3TUYECKUX KOMHUCCHUM JIsl HEKOTOPBIX U3 3TUX JKC-
MIEPUMEHTOB B ONPE/IETICHHBIX CTpaHax [6].
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Oco0yto 03a004E€HHOCTD Y CHELUAINCTOB BBI3bI-
BA€T HEUPOTPONHOCTh BAKLUHHBIX IITaMMOB VZV.
Cy1ecTByeT nojeMHKa BOKPYT BAKI[MHHOIO LITaMMa
vOka VZV B OTHOILIEHHH €r0 CIIOCOOHOCTH 3allMIIATh
OT peaKkTHBALMM XapaKTEPHOW JUIsi HEro HEHpOBUPY-
JIeHTHOCTH [7].

Kak mnpaBuio, HEHpOTPONMHOCTh BaKLIMHHBIX
LITAaMMOB BUPYCOB JUIS )KUBBIX KYJIBTYPaJIbHBIX BAKIIUH
HCCIIENYIOT 3apaKeHUEM B MO3T 00€3bsIH MaKaka pe3yc
(Macaca mulatta), 9yBCTBUTEIBHBIX K VZV.

B pabote [8] mpemioxkeH crocod aTTeHyaluu Bu-
PYCOB B 3aBUCHMOCTH OT MX CIIOCOOHOCTH CBSI3bIBATh-
Csl WIIM HE CBS3BIBATHCS C MEMOpPAHHBIMH pelenTopa-
Mu mMo3ra (MPM) uenoBeka, 00e3bsiH UM TPHI3YHOB.
ABTOpBI OCHOBBIBJIMCH Ha JIAHHBIX O TOM, YTO BUPYC
HE MOXKET 3apakaTb BOCIIPUUMYMBYIO KIIETKY, €CIIH €ro
BUPYCHBIH O€JIOK MPUKPEIJICHUSI HE COCOMHSETCS Ha
KJIETOYHOM MOBEPXHOCTH C MOJIEKYJIOH, CIIy>Kallleld B
KadyecTBe pelenropa A JaHHoro Bupyca. CyTh cro-
coba aTTeHyallud BHPYCOB aBTOPHI 3aKJIIOYAIOT B OT-
0ope KaHIUAATOB B KUBbIC BUPYCHBIC BAKIIMHBI TyTEM
CeJIEKIIMM BHPYCHBIX BAPUAHTOB, KOTOpPbIE HE CBS3bI-
BaroTcs ¢ mpemapatamu MPM. 3anadeit aBTOpoB siB-
JSUTOCH BBIACTICHUE M3 OOLIeH CMECH AMKHX BUPYCOB
u npenapatoB MPM uenoBeka, 00€3bsiHbI WIIN TPHI3Y-
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HOB BUPYCHBIX BapPUAaHTOB, KOTOPBIE HE CBA3BIBAIOTCS C
npenaparaMu MPM, T.e. aBTOpBI NPEIJIOKUIN HOBBIN
CIOCOo0 MONy4YeHHUs 0CTa0NCHHBIX BUPYCOB.

Mpl pemmnan BOCHOJNB30BaThCS MPEAIOKEHHBIM
CHOCO0OM JJIsl XapaKTEPHCTHKH CBS3BIBAIOLICH CIO-
COOHOCTH B OTHOILICHHWU MpenaparoB HEHpOpEIenTo-
POB MO3ra MbIIIIEH YK€ aTTeHYHMpPOBaHHBIX KJIaccuye-
CKHM CIIOCOOOM BaKIIMHHBIX ITAMMOB VZV.

Hamu nomyuensl 2 Xono10a1anTHPOBAHHBIX (XA)
mramma VZV: vFiraVax VZV u vZelVax HZ [9, 10].
Knunundeckuii u3omsit st arrenyanuun vEiraVaxVZV
BBIJICJICH OT 3JI0POBOrO pedeHka 6 Jet, a i vZelVax
HZ — or myxuunsl 63 5er B nepuoj, peakTUBALUU
omnosceiBatoliero repreca. s o6onx XA-BUPYCHBIX
LITAMMOB TIOAPOOHO M3y4eHBI OMOJOTHMYECKAasi aKTHB-
HOCTb B Pa3IMYHBIX KJIETOUHBIX KYJIbTYpax, OHoIoruie-
CKHE MapKepbl aTTeHyalluH, a TaKkke UMMYHOT€HHOCTb
in vivo B OpraHu3Me MOPCKHMX CBMHOK. OTiauunem me-
TOJIUKHU MOJyYEHUs BAKIIMHHBIX MPENapaToB SBISIOTCS
0COOEHHOCTH aTTeHyaluH IITaMMOB MIPU HU3KUX TEM-
neparypax M co3/JaHie BaKLIMHBI U3 BHEKJIETOUYHBIX BU-
pyccoaepxKamux MaTepuaos.

Heanio paGoThI SABISIIACH OLEHKA CIIOCOOHOCTH K
CBsI3bIBaHMIO ¢ npenaparaMu MPM SPF mebrneit muaun
BALB/c oreuectBennbix XA-mramMmmoB VZV u ux 3a-
PYOEIKHBIX aHAJIOTOB,

MaTepman bl 1 MeToAbl

B pabore ucmnonb3oBai M INTAaMM JHIUIOMIHBIX
KJIETOK JIETKOTO 3MOpHoHa uenoBeka (JIDU-3), mramm
JUIJIOUIHBIX KIIETOK KOKHO-MBIIIEYHOH TKaHH dMOpU-
oHa yenoseka (KM 27), nepBuuHy0 KyJIbTypy KJIETOK
¢$ubpobdaactoB sMOprona Mopckoit cBuHkU (MKDIMC)
W LITaMM JAUIUIOMTHBIX KJIETOK (prOpobiacToB sMOpHO-
Ha Mopckoi cBUHKH (AKDPOMC). Knetounsle KynbTy-
pBl BbIpaluBaiu Ha nurtarenbHoil cpene DMEM/F12
(«PanEco») ¢ 10 MM HEPES, 5% smOpuonansHOM Te-
nstabeit ceiBopoTroit (OTC; «HyClone») ¢ nobaBneHu-
em 2 MM L-tiryramuna u 40 MKI/MIJ1 FeHTaMUITHA.

N3yuaembie BUPYCHI:

* IWKHUI BUPYCHBIH POAWUTENbCKUM BapuaHT pFira
VZV — pFira VZV;

e XA-BakuuHubli wmramMm vFiraVax VZV  —
vFiraVax VZV;,

* JIaTCHTHBIN ponuTenbckuil BapuanT lpZel HZ —
IpZel HZ;

* XA-BakUMHHBIM BUpPYCHBIH ImTamMMm vZelVax
HZ — vZelVax HZ;

* BaKUMHHBIA BHpycHbIi wmTamMm vOka VZV,
BBIJICJICHHBI W3 BaKIMHBI A MPOQUIAKTHKH
VZV (CHIA) — vOka VZV (USA);

* BaKUMHHBIA BHpycHbIi wmTamMm vOka VZV,
BBIJICJICHHBI W3 BaKIMHBI A MPOQUIAKTHKH
VZV (Benuxo6puranus) — vOka VZV (UK).
ATTeHyallI0 JAWKMX BHMPYCHBIX BapHaHTOB —

pFira VZV u lpZel HZ — npoBoauiu KiiacCH4ecKUM
CHOCOOOM MyTeM MMAaCCHPOBaHUS KIMHUYCCKUX H30JIs-

TOB Mpu NoHWKeHHoU Temneparype (30°C) B kieTou-
HBIX KynbTypax: JIOU-3 — 12 naccaxeit, nk®@OMC —
6 maccaxeit, JIDU-3 — eme 2 maccaxa. [Ipogomku-
TEIBLHOCTH OJHOTO Maccaxa cocrasisuia 10 cyT.

Wndexnnonnyto axtuBHOCTE VZV  ompenens-
mu Ha knetoyHod KynbType KM 27 nmu ax®@OMC,
BBIPAIICHHBIX Ha 24-myHOuUHBIX maHmerax. Iloces-
Hasl KOHIIEHTPAIMs KIETOK cocTaisia 10° kieTok Ha
nyHKy. [OTOBUIIN JecSaTUKpaTHBIE Pa3BEeACHUS BUpPYC-
coaeprkareii xuarocta (BCXK) ¢ 10! 10 10 u mo
0,1 ma BCX BHOCHIM B JIyHKH IJIaHILIETA C KJIETOUHOM
tecT-KynbTypoil. Konrakt BCXK ¢ kieToyHsiM MOHO-
cnoem npopospkancs 1,0-1,5 g mpu 36,5°C. Ilo 3aBep-
LICHUHM KOHTAKTa BO BCE JIYHKH, BKJIIOUasi KOHTPOJIbHBIE
HEMH(UIUPOBAaHHBIE KJIETKH, BHOCKIHN 110 0,9 M moz-
nepkuBarorieit cpensl — DMEM ¢ 2% OTC. Pesyib-
TaTbl TUTPOBAHUS BUPYCa YUYUTHIBAIN Ha 7-€ CYyTKU C
MOMEHTa MH()UIMPOBAaHUS B PEaKkUUH IeMaacopOLuu
¢ 0,25% B3BeChHIO IPUTPOLUTOB MOPCKOW CBUHKHU WU
SPUTPOLUTOB YenoBeka «0» rpymiisl, pe3yc mioc. 3a
TUTP BUpYyCa MPUHUMAIIM MaKCHUMajbHOE pa3BeICHUE
BUpYcCa, BbI3bIBatoLIee reMaacoponuto B 50% nHdpuuu-
POBaHHBIX KYJBTYpP, IPU OTCYTCTBUH T'eMajicopOLiu B
KOHTPOJIbHBIX HEUMH(HUIMPOBAHHBIX KYJIBTYpax KIETOK.

T'otoBunmn 0,25% B3BeCh 3PUTPOLMTOB MOPCKOMN
CBUHKH WJIM YEJIOBEKA MyTEM TPEXKPaTHOrO OTMBIBa-
Hus spurpouutos 0,9% NaCl. ITo 0,3 mu B3Becu 3pu-
TPOLMTOB BHOCWJIM B JIYHKHU IUIaHIIETa ¢ MHOUIHPO-
BaHHBIMM M HEUH(QHUIUPOBAHHBIMU KOHTPOJILHBIMHU
KJIETKaMH, IPEABAPUTEIILHO OTMBITBIMH (pocdarHo-co-
neBbiM Oydepom (DPCB). Kiietku ¢ sputporuramMmu Bbi-
nepkuBanu 30 muH npu 4°C u nonoaHuTenbHO 30 MUH
NpY KOMHATHOH Temreparype. 3aTeM JIyHKH IIIaHIIeTa
TPEXKpaTHO oTMbIBaiK OT 3putpouuToB 0,9% NaCl n
PErUCTPUPOBATIH HAJTMYKME MM OTCYTCTBHE FeMaicopo-
LMK B CBETOBOM MHUKpOcKkore (X70).

Mopckue cBunku Maccorr 300—400 r ObLTH MM-
MYHU3HUPOBAHbI [IOJIKOKHO OJHOW IPUBUBOYHOMU JO30U
BaKIMHHBIMY mTaMmamu: VEiraVax VZV, vZelVax HZ,
vOka VZV (USA). KapnuansHast myHkuusi Obljia cie-
nana Ha 37-¢ u 8§0-¢ CyTKM ¢ MOMEHTa UMMYHH3AIUH.
[Tony4yeHHbIE MMMYHHBIC CBHIBOPOTKH OBLIM 00pabo-
tanbl npenaparoM RDE 11 («Seiken») mis ynanenus
TEPMOJIAOMIBHBIX U TEPMOCTAOMIBLHBIX WHTHOUTOPOB
CEpOJIOTNYECKUX PEAKLU.

Ilepexpecmuas peakyus Helmpanuzayuy IOCTaB-
JieHa Ha KJeTouHoi Kynerype KM 27, BrIpalieHHON Ha
24-nynounbix mnanmietax («Costar») B poCTOBOM cpesie
DMEM/F12 ¢ 5% OTC, ¢ 2 MM mrytamuHa u 40 MKIr/MI
rentamuiuHa. IIpuroroBunu 10 pa3BeneHuit UMMyH-
HOU BUpYCCHEUN(PUUECKON CHIBOPOTKH C JIBYKPATHBIM
marom, HaunHas ¢ 1 : 50. B kaxmoe pa3BefeHue M-
MYHHOH CBIBOPOTKH B 00beme 0,2 Mt o6asisiiu 0,2 Mo
1000 no3 Bupyca (1 mpuBuBounas nmoza B 0,1 mi),
CMeCh BOPTEKCHPOBAIM M OCTABISUIM Ha KOHTAKTE Ha
1 4 mpu 37°C, nepuoaudecku BOPTEKCUPYS KaxKIble
15 mun. Ilocne ynanenus pocToBoil cpeasl u3 24-iy-
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HOYHBIX TUIAHILIETOB C BBIPOCHIMMH KJIETKAMH B KaxK-
Jiple 2 JIYHKH OJTHOTO pa3BeneHus BHocuau 1o 0,1 mi
CMECH M OCTaBIISUIM Ha KOHTaKkTe Ha | 4 B mHKyOarope
npu 37°C u 5% CO,. [locne 3aBepuieHns KOHTAKTa B
KaKIYI0 JIyHKY BHOCKIIH 110 0,8 MII TOAIEPKUBAIOIICH
cpeast DMEM c 2% 3TC u KynsTUBUpOBaHHE TPOJIOII-
JKajau B TedeHue 7 cyT. Ha kaxJ1oM IUIaHIIETe CTaBUIIN
KOHTPOJIb 103bI BUPYCa U KOHTPOJIb KIETOK.

Knetounyto kynerypy axk®@OMC BelpamuBaiu B
3 KyneTypajbHbIX (akoHax momaaso 175 cm? Ilo-
cie (hopMHUPOBaHUSI CIIOMIHOTO MOHOCIIOS KIIETOK PO-
CTOBYIO cpely U3 (PIakOHOB ymajsiiv, KJIETOYHBIH MO-
Hocnou aBaxbl oTMbiBain OCB, comepKaium HOHBI
Ca’ u Mg?', 1 Ha KJICTOYHBIH MOHOCIONW BHOCHIIH IO
5 mu1 kietouHoi cycnensuun JIDY-3, nnpunupoBaHHoOi
vFiraVax VZV. KoHTakT nHOUIMPOBAaHHBIX KIETOK HA
KJIETOYHOM MOHOcJ0€e npopopkaics 2 4 npu 30°C. Ilo-
CJIe 3aBepLICHUsI KOHTAKTa B MH(HLIUPOBAHHBIC KYJBTY-
pasibHble (DIaKOHBI BHOCWIX MO 35 MII TOIIEPKUBAIO-
el murarensHol cpensl DMEM Ge3 chiBopoTkH |
KyasTuBHpoBanue npu 30°C mpoposkand B TeUeHHUE
14 cyt. 3areM KynbTypasibHble (UIAKOHBI ¢ MHQUIH-
POBaHHBIMH KJIETKAMU TPHXKABI 3aMOPAKHUBAIH IPH
—70°C ¢ nocnenyronmmM orrauBanueM. Maduimuposan-
HYIO KIIETOUHYIO CycreH3uio B oobeme 100 cm? nenTpu-
¢yrupoBasm nipu 4000 o6/mun («Gouan») B TeUeHHUE
15 mun npu 4°C. IlonydeHHbI HaJOCAI0K NTEPEHOCH-
T B UEeHTpU(YXKHbIE MPOOUPKU IJisi YIBTPALCHTPH-
¢yrupoBanuss Ha ueHtpudyre «Optimay, porop SW
32 Ti mpu 25 000 06/muH B Teuenue 3 4. CoOpaHHbBIH B
TpHc-Oydepe ocasok nocie onpeneseHust THPEKIHoH-
HOCTH MEpeAay Jisl 3JIEKTPOHHONH MUKPOCKOITUH.

Onexmponnas mukpockonus. Jias ucciaenoa-
HUSI T[IpernaparoB B DIEKTPOHHOM MHUKPOCKOIE ObLI
UCIIOJIb30BaH METOJ] HETaTUBHOTO KOHTPACTUPOBAHUSI.
B cooTBercTBHM ¢ yKa3aHHBIM METOAOM IPOU3BOAM-
Jach Heu3OWparenbHas ajacopOLus COIACPKAIIUKCI BO
B3BECU CTPYKTYP Ha 3JIEKTPOHHO-MUKPOCKOITUYECKYIO
CETOUKY, IOKPBITYIO (POPMBapOBOH TIICHKOH, CTaOMIN-
3UpOBAaHHON yrueponoM. [t yBeaudeHusl copepka-
HUSI Ha TUICHKE BUpPYycCHEIM(DUUECKUX CTPYKTYp ObLI
NPUMEHEH OAWH M3 METOAO0B HMMYHHOJIEKTPOHHOM
MUKpOCcKonHU. COTJIaCHO 3TOMY METOMY aJCOpOLHIO
Marepuana OCyIEeCTBISUIM Ha (OPMBApOBO-YIIIEPOI-
HYIO TUICHKY, IPE/IBAPUTEIILHO CEHCUOMIIN3UPOBAHHY IO
MMMYHHO# ChIBOpOTKOH K VZV. Bce npenaparsl Gpux-
cupoBaiu 4% napadopmansaeruaom pH 7,0, npomsl-
Bau O®CB u konTpactupoBanu 1% pactBopom ¢oc-
¢dopHo-BonbhpamoBoii kucnotsl pH 7,0.

[Ipenapatel nccneqoBagy B AIEKTPOHHOM MHKPO-
ckonie «GEM-100 CX» rpu HHCTpYMEHTAJILHOM YBEJIHU-
yeHnu 58 000 u potorpadupoBanu Ha mieHKY «AQFA».

Buvioenenue momanvnoii /JHK. Bupycnyto JJHK
u3 00pa3loB BBLACISUIM CTaHJAPTHBIM METOJ0M (e-
HOJI-XJIOPO(OPMHON IKCTpaKIMK [§] ¢ HEKOTOPHIMU
MOU(PUKAIMSIME, @ UMEHHO: 00pa3Iibl TIOCIIE OCaXK/Ie-
HUSI CIUPTOM OBUIH JIOTIOJTHUTENBHO OYHILEHBI OT PH-
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Mecell ¢ MOMOIIBI0 MUKPOIHAN3a C HCIOIb30BaHUEM
¢uerpoB «Centrifugal Filter Units» Ultra 0,5 ml 3K
membrane («Milliporey»). Ouuctka npooaunack 5 pa3
¢ no6asnenuem 480 Mk Tris 10 MM k 20 M1 oOpasiia
C MOCJICAYIOIUM LEHTPUPYTUPOBAHUEM.

Hecneyugpuueckyro  amniugpurxayuro JJHK s
yBEIMUEHHS CoepkaHus B oOpasuax BupycHor JJHK
IIPOBOJIMIIM C TOMOIIbI0 HaObopa peaktuBoB Ready-To-
Go GenomiPhi V3 DNA Amplification Kit, ncnonbs3yst
MIPOTOKOJT IPOU3BOJUTEIIS.

IIL]P ¢ peanvnom epemeHu NPOBOAWIA MO METO-
nuke [11]. Peakmmonnyio cmech anst [P roroBunm
Henocpeactsenno nepexa [P (na 1 peakunio HeoO-
xomumo: 10 mxn 2,5x Oydepa ¢ Tag-monmmepason,
1 Mk TagMan 3ox1a VZV 29 xonnentpanuei 10 MxM,
2 MKJI IIPSIMOTO U 00PaTHOTO paiMepoB KOHLICHTpael
5 mxM, 7 mxn Bozpl). [TLP npoBoannu na npudope DT
Prime 95 («/IHK-TexHomorus») 1o cieayromieMy mpo-
ToKONIy: ucxonuoe masienue mpu 95°C 120 c, 3arem
45 nukioB mpu 95°C 15 ¢ u 55°C 60 c. Pesynsrars pe-
aKUH YYUTHIBAIM MO MMOPOTOBOMY LIUKITY, UCHONB3YSI
porpaMMHOe o0ecreueHre IPOU3BOIUTENS TPUOOPA.

Knonuposanue u onpedenenue HyK1eomuoHwix no-
crne-0osamenvHocmell (cexkeenuposanue) supycrou JJHK.
O6pasupl JIHK wncrnonb3oBamy B KadecTBE MaTpUIL
Uil amr@uKanuy pparMeHTa TeHOMHOW BHPYCHOM
JHK, koaupyromero OTKpBITHIE PaMKH CUUTHIBAHUS
0 u 1, mmHOM 815 map HYKIEOTHIHBIX OCTaTKOB,
Uit yero ObUIM CKOHCTpyHpoBanbl npaiimMepsl CGC
CAGCCTTTAACAAAAC (mpsmoit) u TATTTTTGG
GATCCGCAATG (oOpartnsrit). TP npoomwiu Ha
tepmonukiepe « TProfessional Gradient» («Biometra») ¢
HCIIONIb30BaHUEM BBICOKOTOUHOM monumepasbl Phusion,
clieysl peKOMEHAALMSM TPOU3BOIUTEIIS.

Iponykrer IILP oOpabarbiBagn OAHOKpPATHO
Taq-nonumepazoil (nas momydeHust 3'-A-KOHIOB), 3a-
TeM Berasisuid B pAL2-T Bexkrop («EBporen») ¢ momo-
mpto T4 JHK-nurassl ¢ nocnenyromeit Tpancdopma-
uueit B mramm E. coli XL1-Blue u ot6opom KioHOB
MyTEM CEJIEKIUU C AHTUOMOTHUKOM aMIHUIUIUIMHOM,
a TaKke 0e0-ToNy0ol CEeNEeKIMHU C HMCIOJIb30BaHUEM
XpomoreHHoro cyocrpara X-Gal.

W3 oTnenpHBIX KIOHOB BBLACISUIA TUIA3MUIHYIO
JIHK, koTopyto aHaIM3upoBaid METOI0M 3JieKTpodope-
3a B arapo3HbIX reiisiX B MPUCYTCTBUH THIMYMa Opo-
MU/Ia, 3aTeM OIpPEACISUTM HYKJICOTHIHBIE MOCIe0Ba-
TEJILHOCTH BCTaBOK. CHHTE3 MpaitMepoB U CEKBEHUPO-
BaHME 3aKa3biBajn B pupMax «EBporen» u « CHHTOID.

Jns KOHCTpyHpOBaHMsS NpaliMEepOB U 30HJOB,
OTIPE/ICNICHNsI CTPATETUH KIOHUPOBAHHS, a TAK)KE aHa-
JH3a HYKJICOTHIHBIX MOCIIEJ0BATEIBHOCTEH HCIIOb30-
BaJIK nakeT nporpaMm «Vector NTD».

Tonyuenue MPM mbiwen. iccexanu mo3ruy 15—
20 rosoB 4-nenenspubix SPF mbrmeit muunn BALB/c,
ompenensin Bec (4,7-6,3 1), nobasmsumm 50 MM
Tpuc-Oydepa pH 7,6 u romoreHu3upoBasud B TOMO-
reanszarope JlayHnca. ['omorenar neHTpudyrupoBain
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Puc. 1. [JaHHble anekTpoHHoN Mukpockonum (x150 000), macwtabHas nuHerika cootBeTcTByeT 100 HM.
Fig. 1. Electronic microscopy (x150,000), the large-scale ruler corresponds to 100 nm.

npu 14 000 o6/mun B Teuenue 15 mun npu 4°C B
HacTonbHOM neHntpudyre. CooTHOLIEHUE BEC : 00b-
eM — 1 : 7. Hagocamok OeKaHTUPOBAIH, B OCAJIOK
JN00aBIIAIN aHAIOTUYHBINA 00beM Oydepa u 3TOT mpo-
1I€CC MOBTOPSUIA ABAXKABL. MexIy 2-M U 3-M IEHTPH-
¢yrupoBaHreM roMoreHar MHKyOuposanu mpu 37°C
B TeueHrne 10 muH. KoHeuHslif ocanok pecycrieHau-
poBanu B mutarensHoil cpene DMEM c 2% OTC u
BJIAQXHBIH MO3r XpaHunu npu —70°C g0 ucnomib3o-
BaHusi. KoHueHTpanuio Oellka B MO3TOBOH CMeEcCH
ompenemsii Ha crekrpodoromerpe «NanoPhoto-
meter NP 89-Touchy». Konnentparius Oenka B KOHEU-
HOM OCaJIKe JIOJDKHA ObITh B mpejaenax 20—40 mr/mi.
B skcniepumenTtax ucnonb3osanu 38—40 mr/mi npemna-
para MPM SPF wmpbimeit iunun BALB/c.
Onpedenenue 0cmamoyHou UHGEKYUOHHOU aK-
MUBHOCMU  NOCIe  CEA3bI6AHUA  6UPYCd C  Helpope-
yenmopamu moszea meiwer. K 100 mxn BCX mram-
MoB pFira VZV (2-ii maccax), vFiraVax VZV (20-i1
naccax), IpZel HZ (2-ii maccax), vZelVax HZ
(20-#1 maccax), vOka (USA), vOka (UK) moGasisiiu
o 900 Mk HelipopenentopoB mosra SPF mbiieit nu-
nun BALB/c. K 100 mxn BCXK BbimenepeyrcieHHbIX
BapuaHtoB VZV n06aeisun o 900 mMxn tpuc-Oydepa.
Kontpons: k 100 Mk Tpuc-Oydepa nodasmsumr 900 Mk
HEHUPOpPELeNTOPOB MO3ra Mblllled. Bce Belenepeduc-
JIeHHbIe 00pa3ubl HHKyOupoBanu npu 37°C B TeueHHe
30 MUH C TEPUOTUYECKUM BCTPSXUBAHUEM KaXKIIbIC
5 muH. 3areM Bce 00pa3lbl LEHTPU(YTHpOBaIM NpH
14 000 06/MuH B TeueHue 15 MUH Ui YIAJICHUS MEM-
OpaHHOTO MaTepuana U CBI3aHHOTO C HUM BUpYyca.
Onpenensin 0CTaTOYHYIO BHPYCHYIO HH(EKIH-
OHHOCTB 00pa310B B CyNEpHATAHTE MYTEM TUTPOBAHHUS
METOJIOM TPEIENbHBIX Pa3BEeACHUN Ha YyBCTBHTEIIb-
HBIX K VZV kieTounbix Kyasrypax akOOMC. Nndek-
LUOHHOCTh OLICHUBAJHM IO PEAKUUH TeMaicopOun C
0,25% B3BECHIO IPUTPOIIUTOB MOPCKUX CBUHOK.
AHanu3 pe3yabTaroB MPOBOAMIM C HCIOIb30Ba-
HHUEM CTaTUCTHYECKOro nakera «Prism — GraphPady.

PesynbraTtbl
Jlns monyuyeHust noaTBepKAeHUA Hauuus VZV B
HCCclielyeMOM Marepuaiie OblUT MPOBEJCH aHAJIN3 KOH-
nentpara BCXK mramma vFiraVax VZV B 371eKTpOHHOM

MHUKpoOcKorne. B mpenapare MeTo/1oM HEraTUBHOTO KOH-
TPacTUPOBaHUSI OOHAPYKEHBI TOJILKO HYKJICOKAIICH b
XA-mramMma vFiraVax VZV Ha 20-M naccakHOM ypoB-
He (puc. 1). Bupuons! BHexsierounoit BCXX VZV noka
10 HEBBISICHEHHOW NPUYUHE IIPU 3JIEKTPOHHON MUKPO-
CKOTIMH HE BBIABISIOTCS [12].

WneHTnuHOCTh BHpyca Takke IMOATBEPKIATN C
MOMOIIBI0 YaCTUYHOTO CEKBEHHPOBAHMS BBIAEICHHBIX
iasmMuaseix pparmentoB JTHK pamku orf () mrammos
pFira VZV u lpZel HZ na 8-m naccaxe. Y4acTok reHOMa

230 240 250
IpZel CCTCACGTCGTCCCCGAGCATGGATGACGTT
Dumas CCTCACGTCGTCCCCGAGCATGGATGACGTT
pFira CCTCACGTCGTCCCCQAGCATGGATGACGTT

pOka

vOka (UK)
vOka (USA)
Consensus

IpZel
Dumas
pFira

pOka

vOka (UK)
vOka (USA)
Consensus

IpzZel
Dumas
pFira

pOka

vOka (UK)
vOka (USA)
Consensus

Puc. 2. CpaBHUTENbHBIV aHanM3 HYKNeoTUAHbIX NocnefoBa-

CCTCACGTCGTCCCCCGGCATGGATGACGTT
CCTCACGTCGTCCCCCGGCATGGATGACGTT
CCTCACGTCGTCCCCCGGCATGGATGACGTT
CCTCACGTCGTCCCCCAGCATGGATGACGTT

268 280 290
ICCCTACCTACCCACATACGCCGAGGCCGT
ICCCTACCTACCCACATACGCCGAGGCCGT
ICCCTACCTACCCACATACGCCGAGGCCGT

TTCCCTACCTACCCACATACGCCGAGGCCGT

TTCCCTACCTACCCACATACGCCGAGGCCGT

TTCCCTACCTACCCACATACGCCGAGGCCGT

TCCCCTACCTACCCACATACGCCGAGGCCGT

560 570 580
CTCAACTACATGAAACTACTGTCCGGAAGGG
CTCAACTACATGAAACTACTGTCCGGAAGGG
CTCAACTACATGAAACTACTGTCCGGAAGGG
CTCAACT AC‘GAAACTACT GTCCGGAAGGG
CTCAACTACACGAAACTACTGTCCGGAAGGG
CTCAACTACACGAAACTACTGTCCGGAAGGG
CTCAACTACATGAAACTACTGTCCGGAAGGG

TenbHocTern BupycHon OHK wrammos VZV.
Dumas — eBponenckuin gukuii VZV.

Fig. 2. Comparative analysis (alignment) of the nucleotide

sequences of the viral DNA of strains of VZV.
Dumas — European wild VZV.
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5K-1 (-0.0300)

4N2 (0.0300)

5K-2 (-0.0174)

— Dumas_0-1 (0.0014)

Puc. 3. dunoreHeTnyeckni
aHanus wrtammoB VZV.
5K1 n 5K2 — KnoHbl nsonsata
pFira; 4N2 — knoH unsonsita IpZel.

Fig. 3. Phylogenetic analysis of
various strains of the VZV.
5K1 and 5K2 — isolate clones

pFira; 4N2 — isolate clone IpZel.

pOka_0-1 (-0.0003)

-vOka VzV (UK) (0.0018)

L vOka VzV (USA) (0.0008)

B pasMepe 580 HYKJICOTHAHBIX MOCIETOBATCILHOCTEH
JIHK yacTh4HO aTTeHyHMpOBaHHBIX INPH MOHUKEHHOH
TEMIIEpaType BUPYCHBIX BapuaHtoB VZV cpaBHUBaIU
C €BpOIEHCKUM BUPYCHBIM IITaMMOM Dumas u ¢ smos-
ckumu mrammamu pOka VZV u vOka VZV (puc. 2).

[IpeaBapurenbHplii  (QUIOTCHETUUECKUI aHAIN3
MoKa3aJj, 4T0 YaCTMYHO aTTEHYMPOBAHHBIE BapHAHTHI
pFira VZV u IpZel HZ, ucnionb3yemble Uit CO3MaHUs
OTEUECTBEHHBIX XA-BaKIIMHHBIX LITAMMOB, SIBJISIFOTCS
OmmKafIMMU cocemssMu mTamMma Dumas, 4To COoOT-
BETCTBYET €BPONEHCKOMY TUIly VZV, U HECKOJIBKO OT-
JIMYAOTCS OT SIIOHCKOTO TeHoTuna (puc. 3).

Myramust B nosuiun 567 (T567C, Stop-Arg)
(puc. 2) siBusieTcst OAHOW M3 MOJIEKYJISIPHBIX JE€TEPMH-
HaHT OcJabJeHUs] BUPyCa B BaKIMHHBIX IITaMMaXx IO
cpaBHEHUIO ¢ AMKUMH. CpaBHUTEIBHBIN aHAIN3 BUPYC-
HBIX HYKJICOTHIHBIX IOCIENI0BaTeIbHOCTEH IMoKa3al,
yro mraMMbl pFira u IpZel Ha paHHuUX maccaxax siB-
JISIOTCS] YaCTUYHO aTTEHYUPOBAaHHBIMU U HE COZIEpKaT
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37-e cytkun / 37" day 80-e cyTku / 80" day

MMmyHHas cbiBopoTka k VZV vFiraVax
Immune serum to VZV vFiraVax
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MyTallu{, XapaKTepHOW JUIsl aTTeHYHPOBAaHHBIX Bak-
IMHHBIX mTaMMoB [13—15].

CaMbIM BaKHBIM CBOMCTBOM >KHMBBIX aTTE€HYHPO-
BaHHBIX BaKIIMH SIBIIICTCS UX Oosiee BBICOKas d(dek-
TUBHOCTH IO CPAaBHEHUIO ¢ MHAKTUBUPOBAHHBIMU Bak-
LUHAMH, MTOCKOJILKY OHH CHOCOOHBI BBI3BIBATH OoJee
CUJIbHBIE BPOXKICHHBINA U aAlTUBHBINA I'YMOPAJIbHBIN U
KJICTOYHBII UMMYHHBIE OTBETHI.

NmmyHHas cbiBOpoTKa K XA-BUPYCHOMY INTaM-
My vFiraVax VZV, nonyuennas Ha 37-e u 80-e cyTku ¢
MOMEHTa UMMYHHU3aLlUH MOPCKUX CBHHOK, OJIMHAKOBO
BBICOKO HelTpanu3oBaia Bce 3 mramma VZV (puc. 4):
HanOombIIas HEHTpanu3yloas akTHBHOCTb OTMEUYEHA
C TOMOJIOTMYHBIM IITaMMOM M HauMEHbIAs — C BU-
pycHbIM BakmuHHBIM ImTammom vOka VZV (USA).
WmmyHHast cbIBOPOTKa K BakIMHHOMY mTammy vOka
VZV (USA) , nonyuennast Ha 37-¢ CyTKHM C MOMEHTa
MMMYHM3allUd MOPCKHUX CBHHOK, OJMHAKOBO HeHTpa-
JIM30Bajia Bce 3 mramMma VZV, BKIOYas TOMOJIOIHAY-
HbII BakiuHHbIH mtamMm vOka VZV (USA) .

Heckonbko omiinuanach HEUTpaIu3yrollasi aKTUB-
HOCTh UIMMYHHOM CBIBOpOTKM K mTammy vOka VZV
(USA), nonydenHnoii Ha 80-e CyTKM C MOMEHTa UMMY-
Hu3auuu. B BEICOKOM TUTpE OHA HEWTpalu3oBaia Bce 3
HCCIIENOBAaHHbIX IITaMMa VZV. Pe3ynbrarsl, Noay4yeH-
HBIE B [IEPEKPECTHON peaKLUM HEUTpanu3aluu, 4€TKO
MIPOAAEMOHCTPUPOBAIIHN, YTO OTEYECTBEHHbIE X A-IIITaM-
Mmbl VFiraVax VZV u vZelVax HZ no ummyHOreHHO-
CTH i1 Vivo HA MOPCKUX CBUHKAX HE YCTYIIAJIH MITAMMY
vOka VZV (USA).

CrienudpuyaHOCTb CBsI3bIBaHMS VZV ¢ Helpoperier-
topamu Mo3ra SPF meimeit iuann BALB/c onpenensuim
C TTOMOIIBI0 CPABHEHUSI BUPYCOB JIUKOTO THIIA U aTTEHY-
HMPOBaHHBIX BaKIIMHHBIX BUPYCHBIX IITaMMOB [16]. Ilpu
cpaBaeHnu XA-mramma vFiraVax VZV Ha 20-m nacca-

6400 6400

3200 3200 3200 3200

vZelVax vOka (USA)I vFiraVax

vZelVax vOka (USA) vFiraVax  vZelVax vOka (USA)

37-e cytkun / 37" day 80-e cyTku / 80" day

MmmyHHas cbiBopoTka k VZV vOka (USA)
Immune serum to VZV vOka (USA)

Puc. 4. MNMepekpecTHas peakums HeMTpanmusaummn aTTeHynpoBaHHbIX wrammoB VZV (1000 f03) € MMMYHHBLIMUW CbIBOPOTKaAMM

MOPCKUX CBMHOK, NOMy4YeHHbIMU Ha 37-e 1 80-e CyTKkM Nocne UMMyHM3aumn.
Mo ocu opanHaT — HerTpanuaykLwme TUTPbl UMMYHHBIX CbIBOPOTOK co 100% 3aLmTon.

Fig. 4. Cross-reaction of neutralization of attenuated strains of VZV (1000 doses) with immune serums of guinea pigs

130

on the 37" and 80" days from the moment of immunization.
Ordinate: Neutralization titers of immune serums: 100% protection.
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K€ C €ro IMKUM POJUTEIbCKUM BapUaHTOM Ha 2-M Tac-
Cake BBISIBIICHO, YTO AWKUI BUPYCHBIA BapuanT pFira
VZV cBa3biBacTCd € IpenaparoM HEWPOPELENTOPOB
mosra SPF wmbreit muanu BALB/c ¢ nHIeKcOM CBSI3bI-
Banusa 2,0 Ig TAJZIE, | (Tabuauua), npOUEHT CBA3bIBA-
Hust coctasisieT 25,03, B To Bpems kak vFiraVax VZV
MIOJTHOCTBIO YTPATHJI TPOIM3M K HEPBHOU TKaHHU.

Wnas xapTiHa HaOMIOOACTCS C JIATGHTHBIM POJIU-
TENbCKAM BHPYCOM OIIOsIChIBaIoNIero repmeca IpZel
HZ, xotopsrii Haxonuicst 6omnee 50 €T B 4yBCTBHTEIb-
HBIX HEPBHBIX TAHINIMAX ManueHTa 63 JeT, HOCTOSHHO
pPEaKkTUBUPYSICh W BBI3BbIBAS MOCTIEPIETHUYECKYIO HE-
BpaJITHI0. DTOT JIATCHTHBIA POIUTENIbCKUI BUpYC IpZel
HZ w ero XA-BakuMHHBIA BUpYCHBIN mTaMM vZel Vax
HZ ytparunu tpornusMm k HepBHOW TkaHM mosra SPF
Mblied tuaun BALB/c.

OO6parmaet Ha ce0si BHUMaHUE HAJIMYUE CBSI3bIBA-
Hus BakuuHHoro mramma vOka VZV (USA) ¢ mpe-
naparaMmu HeipopeuenTopoB mo3ra SPF Mmebrmeit au-
uuu BALB/c. Unnekc cszbiBanus cocrasiser 1,0 Ig
I“AﬂEso/O’1 > TIPOUEHT cBs3biBanus — 15,4. Onnako
BupycHbid mwtamm vOka VZV (UK) yrparun Tpo-
nu3M K Helipopeuentopam mo3ra SPF Mmbrieit nunun
BALB/c. Paznuunas cBs3bIBaIONIas CiocoOHOCTD T10
OTHOLLIEHHUIO K HEMpOpeLenTopaMm Mo3ra MbIIIEH Of-
HOTO M TOTO € SIMOHCKOTO BaKLMHHOIO BHUPYCHOTO
mramma vOka VZV, Ha Ham B3IIsi, OOBACHSIETCS
Pa3IMYHON UCTOPUEH MMACCAkKEN B KIETOUHBIX KYJIBTY-
pax y pasHbIX IPOU3BOJUTEIIECH.

Takum 00pa3oM, HCHOJB3YS] OTHOCUTEIBHO MPO-
CTOH METOJ] OIICHKU CBS3BIBAIOLICH CIIOCOOHOCTH Bak-
LUMHHBIX WTaMMOB VZV K Helpopeuenrtopam mosra
SPF mpimeii nuann BALB/c, MOXHO MOMy4uTh Mpen-
BapUTEIbHYIO XapaKTEPUCTUKY HEWPOTPOIMHOCTH HO-
BBIX BaKIIMHHBIX IITAMMOB.

B naHHBIX DSKCHEpUMEHTAaX YETKO HPOJEMOH-
CTPHUPOBAaHO, YTO CO3/aHHBIE HAaMU OTEUECTBEHHBIC
XA-mrammel vEiraVax VZV u vZelVax HZ ne cBsi3bI-
BaIOTCS ¢ HEWPOpELenTopaMi MO3ra IpbI3yHOB, B OTJIU-
YHe OT JUKUX POAUTEIBCKUX BapHaHTOB.

O6¢cyxaeHne

CoBpeMeHHbIE BaKIMHBI MPOTUB BETPSHOU OCIIBI,
SBJISSCH CYIIECTBEHHO OCJIa0JICHHBIMU, MOTYT COXpa-
HATh OCTaTOUHYIO HEHPOBUPYICHTHOCTh U MOBPEXKIATh
CEHCOpHbIE raHIuU. DaKTOPbI, yUACTBYIOIIIE B MHBA3UU
HEHPOHOB U YCTaHOBJIECHUH JIATEHTHOCTH, HE SICHBI [7].

Nsyuenue HeiporponHocty VZV ¢ UCHONb30Ba-
HUEM JKUBOTHBIX MOJICJICH SIBISETCSI MPOOJIEMOH, Io-
CKOJIbKY BHPYC BBI3BIBACT 3a00JIEBaHUSI TOJIBKO Yy JIIO-
ned u 00e3bsiH Makaka pesyc (Macaca mulatta) [17].
OTHU UCCIeIOBaHUS CIOKHBI U noporu [18-20].

Lenbto uccnenoBanyst sBUJIACh XapaKTepUCTHKA
BaKIMHHBIX BUPYCHBIX IITaMMOB Varicella zoster —
vFiraVax VZV u vZelVax HZ no ux ciocoOHOCTH CBSI-
3BIBATHCSI C TpernaparaMu MeMOpaHHBIX PELENTOPOB
mo3ra SPF mbimeit nuanun BALB/c.

Jlo TOCTaHOBKM OCHOBHOI'O JKCIEpUMEHTA I10
OLIGHKE CBS3BIBAIOIICH CHOCOOHOCTH  BaKIMHHBIX
mramMmmMoB VZV ¢ Helipopenentopamu mo3ra SPF MbI-
et inaun BALB/c MBI onipeiesuiiv 1o JaHHbIM 3JIeK-
TPOHHOW MUKPOCKONHMU HAJIMYHUE HYKJICOKAIICHUIOB B
konuenTpare BCXK BakiuaHOro mramma — vFiraVax
VZV u noxarsepauiau o pes3ysisTaTaM YaCTHYHOIO
CEKBECHUPOBAHUS BBIACICHHBIX MasMuaubix JIHK
(parMeHTOB paMKu orf () ©X aHAJIOTUYHOCTh EBPOIEH-
CKUM mTamMmmam VZV.

Jlasiee MbI CpaBHIJIM OCHOBHYIO U CaMyI0 BaXKHYIO
()YHKIIMIO BaKIIMHHBIX IITAMMOB — WMMYHOTEHHOCTb
in vivo. C 3Toll 1eipio OblIa MOCTaBICHA MEPEeKpecT-
Has peakiys HEUTpalu3allii BaKIMHHBIX IITAMMOB
vFiraVax VZV u vZelVax HZ B cpaBHeHuu c 3apy-
oexubpiM vOka VZV (USA) ¢ chIBOPOTKAMH MOPCKHX
CBHUHOK, UMMYHHU3HUPOBAHHBIX MOJKOKHO OHOU MPUBU-
BOYHOM J1030i. IMMYHOI€HHOCTb BCEX MCCIIEAOBAHHBIX
IITAMMOB ObLIa BEICOKOH, M OTEUECTBCHHBIC BAKIIMHHBIC
HITAMMBI 110 IMMYHOT€HHOCTH HE YCTyHaju 3apyOex-
HOMY BakIMHHOMY mtammy vOka VZV (USA).

B Hamux »skcnepuMeHTax MAUKUNA POIUTENb-
ckuii Bapuant pFira VZV cBs3biBaics ¢ npenaparom
MPM wMblieii B ominyre 0T XA-BaKIIMHHOIO IIITaMMa

CpaBHUTeNbHas oueHKa cBA3biBaHMA wtammoB VZV ¢ npenapatamu MPM SPF mbiwen nuium BALB/c
Comparative assessment of the binding of VZV strains to BMR preparations SPF BALB/c mice

MHdekunoHHocTb, Ig TALE
Infectivity, |g HAU

50/0,1 mn

BupycHbIli wutamm 50/0.1 ml

WHnekc cesasbisanus, Ig TAOE, . | CeasbisaHue, %

Viral strain BUpyG + Bychep (1= 4) | supyc + MPM (n = 4) The binding index, Ig HAU, ., . Binding, %
virus + buffer (n = 4) virus + BMR (n = 4)
vFiraVax VZV 7,5+0,029 8,5+ 0,036 <0,001 -1,0 0
pFira VZV 8,5+ 0,051 6,5+ 0,035 <0,001 2,0 25,03
vZelVax HZ 7,5 % 0,041 7,5+0,029 >0,05 0 0
IpZel HZ 8,0 £ 0,041 8,5 + 0,046 <0,05 -0.5 0
vOka VZV (UK) 7,0 £0,034 7,5+0,029 <0,05 -0,5 0
vOka VZV (USA) 6,5 £ 0,005 5,5+ 0,055 <0,001 1,0 15,4

MpumeyaHune. TAOE — remagcopbupytowias eauHuLa.

Note. BMR — brain membrane receptors; HAU — hemoadsorbtion unit.
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vFiraVax VZV. Oanako nateHTHBIA POAUTENBCKUMA Ba-
puant IpZel HZ n X A-Bakuunnseiii mramm vZel Vax HZ
He CBs3bIBAIMCH ¢ npenaparamu MPM mbiueit. IIpo-
JEeMOHCTPUPOBAHA Pa3iMyHasi CBSI3BIBAIOIIASI CIIOCO0-
HOCTh BakuuHHOrO mramma vOka VZV, noinydeHHOT0
U3 BaKLMUH Pa3HbIX IIPOU3BOJUTENICH: TaK BAKLUHHBIN
mramm vOka VZV (UK) He cBsizsiBaics ¢ MPM mosra
MBIIIEH, @ HHIEKC CBS3bIBAHUS JJI BAKIIUHHOIO ILITaM-
ma vOkaVZV (USA) 6bu1 pasen | Ig TAIE 50/0,1 m.

[TokazaHHble OTIIMYMSA, HA HAIl B3MJIAJ, CBS3AHbI
C Pa3IM4YHON TEXHOJIOTUEHN CO3/1aHMs BAKIIMH HA OCHO-
Be BakiuHHoOro mramma vOka VZV (BHyTpuKIieTOY-
HOTO BHpYCa, CBA3aHHOTO C KJIETOYHBIM MAaTEpPHaJIOM),
MCII0JIb30BAHNEM BHEKJIETOUHOTO BUPYCCOEPIKAIIETO
Marepuasa 3apyOeKHBIMH M OT€UECTBEHHBIMH pa3pa-
0OTYMKAMU, PA3IMUYHBIMU CIIOCO0aMK aTTeHyanuu [9]
Y TONY4YCHHs] BAKUMHHOTO LITAMMa, OCOOCHHOCTSIMH
poautensckoro Bupyca lpZel HZ, oOGycnoBieHHbIMH
JUIUTENBHBIM TpeObIBAaHUEM JIATEHTHOTO BHUpYyca B
HEpBHBIX TaHIIMAX 4yejoBeka. B pesynbrare wnccie-
JOBaHUH OBLJIO TMONTBEPKACHBI OTCYTCTBHE CBSI3bI-
BAIOLICH CIIOCOOHOCTH BaKIMHHBIX WITaMMOB VZV ¢
HelpopenenTopaMu Mo3ra MbIIIEH OTeueCTBEHHBIX
BaKIMHHBIX IITAMMOB MPU MMMYHOT€HHOCTH, COIIO-
CTaBUMOU C 3apyOeKHBIMU aHAJIOTaMH, a TaKkKe BO3-
MOYKHOCTh HCIIOJIb30BaHUS IPEAJIOKEHHOT0 MeEToja
JUIS IPEJIBAPUTENILHON OLIEHKU HEHpOTponHoCcTH VZV
BHOBb CO3/]aBa€MbIX BaKI[MHHBIX IITAMMOB U BaKI[1H-
HBIX [IpenaparosB.
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Characterization of Binding of Varicella zoster Virus Vaccine Strains
to Preparations of Mouse Brain Membrane Receptors

Firaya G. Nagieva, Elena P. Barkova, Alexandra D. Stroeva, Alexandr V. Sidorov,
Vera D. Lotte, Vitaly V. Zverev

Mechnikov Research Institute for Vaccines and Sera, 115088, Moscow, Russia

Purpose: characterization of vFiraVax (the causative agent of chickenpox — VZV) and vZelVax (the causative
agent of shingles — HZ) vaccine strains by their ability to bind to preparations of brain membrane receptors of
SPF BALB/c mice.

Materials and Methods. The study was performed on cold-adapted vFiraVax VZV and vZelVax HZ vaccine strains
developed by the authors on the basis of the wild-type parental pFira VZV virus (chickenpox causative agent) and
the latent parental IpZel HZ virus (shingles causative agent); vOka vaccine strains isolated from vaccines against
VZV infection from two manufactures (United Kingdom and USA); the HEL-3 strain of diploid cells from human
embryonic lung tissue, the MC 27 strain of diploid cells from human embryonic musculocutaneous tissue, primary
and diploid cells from guinea pig fetal fibroblasts. The VZV infectivity was estimated by the limiting dilution method
using MC 27 cell cultures or guinea pig fetal fibroblasts. The virus titer was measured by the hemadsorption
test performed with suspensions of red blood cells from guinea pig or human type 0 positive blood. Negative
staining and electron microscopy were used to study the virus preparation. The immunogenicity of vFiraVax VZV
and vZelVax HZ virus strains was compared with the immunogenicity of vOka VZV virus strains from different
manufacturers by using a cross-neutralization test with immune sera.

Results. The Russian cold-adapted vFiraVax VZV and vZelVax HZ vaccine strains, the latent parental IpZel HZ
virus and the vOka VZV vaccine strain (United Kingdom) did not bind to preparations of brain neuroreceptors of
SPF BALB/c mice as distinct from the wild-type parental pFira VZV variant and vOka VZV vaccine strains (USA);
the absent neurotropism of Russian vFiraVax VZV and vZelVax HZ vaccine strains is not connected with the
decreased immunogenicity in relation to foreign counterparts; the electron microscope study of the vFiraVax VZV
virus containing liquid concentrate detected VZV nucleocapsids.

Conclusion. The differences in the VZV ability to bind to preparations of brain membrane receptors of SPF BAL-
B/c mice can be explained by the differences in the technology of vaccine manufacturing, including attenuation
techniques, obtaining of the vaccine strain, specific characteristics of the latent parental IpZel HZ virus. The ab-
sence of the binding with brain neuroreceptors of SPF mice has been proved for the Russian vFiraVax VZV and
vZelVax HZ vaccine strains which was is not connected with a decrease in their immunogenicity. The method of
assessment of the binding ability of VZV vaccine strains can be used as a preliminary characteristic of neurotro-
pism for newly created vaccine strains and for vaccine products.

Keywords: varicella-zoster virus; wild-type parental virus; latent parental virus; cold-adapted vaccine strain; atte-
nuated vaccine strains; preparation of mouse brain membrane receptors; infectivity of the sample; neurotropism.
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Llenb paboTbl — oxapakTepun3oBaTb BakUuHHbIe WTammbl VFiraVax (Bo3byauTens BeTpsiHon ocnbl — VZV) n
vZelVax (Bo3byauTens onosicbiBatoLero repneca — HZ) no nx cnocobHoCTy Kk CBA3bIBAHUIO C NpenapaTaMu Mem-
OpaHHbIX peuenTopoB mo3ra SPF mbiwen nuHum BALB/c.
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MaTtepuanbl u metoabl. B pabote ncnonb3osanu paspaboTaHHble aBTOpamMmn Ha OCHOBE AMKOrO POAUTENBCKOro
Bupyca pFira VZV (Bo3byauTenb BETPSHOWM OCMbl) 1 NAaTEHTHOrO poauTensckoro Bupyca IpZe HZ (Bo3byautens
OMOSICLIBAOLLErNO repreca) XonogoaaanTMpoBaHHbIE BaKUUHHbLIE BUMPYCHble WwTammbl VFiraVax VZV n vZelVax
HZ; BakuuHHble wTammbl vOKka, BblgeneHHble U3 BakUMH Ang npodunaktukm VZV-uHgekuun aByX Npou3BO-
avtenen (Benukobputanus, CLIA); wtamm AMNNouaHbIX KNeTok nerkux ambpuoHa yernoseka JIOU-3; wramm
OVNINOUAHBIX KNETOK KOXHO-MbILLEYHOW TKaHu ambpuoHa yenoseka KM 27; nepBuYHbIE U OWNMOVAHBIE KMETKN
¢pubpobrnactoB SMOEPUOHOB MOPCKNX CBUHOK.

MHdekunoHHyto akTuBHoCcTb VZV onpegensinu MeTtogoM npedenbHbiX pasBefeHUn Bupyca Ha KNeTOYHbIX
kynbTypax KM 27 unu onbpobnactoB aMGPMOHOB MOPCKNX CBMHOK. TUTP BMpYyCa yCTaHaBnmMBanu no peakuum
remagcopOumm co B3BECHIO SpUTPOLIMTOB MOPCKOM CBUHKM MK YenoBeka «0» rpynnbl, pedyc nntoc. [Ansa ncene-
[OOBaHMs BUPYCHOro nNpenapaTta B 3M1EKTPOHHOM MWKPOCKOMNE MCMOoNb30Banu MeTo HeraTUBHOrO KOHTpPacTUpo-
BaHUSA. IMMYHOreHHOCTb BUpPYCHbIX WwTammoB VFiraVax VZV un vZelVax HZ cpaBHuBanM ¢ UMMYHOFE€HHOCTbIO
BMPYCHbIX wWTammoB vOka VZV pasHbix NpoM3BOAMTENEN B NEPEKPECTHOW peakumn HenTpanu3aunum MMMyH-
HbIX CbIBOPOTOK.

Pe3ynbraTbl. OTeYeCTBEHHbIE X0ON0o40aAaNTMPOBAHHbIE BaKUUHHBLIE WTamMMbl VFiraVax VZV n vZelVax HZ, po-
AVTENbCKUIA NnateHTHbIN BupYyc IpZel HZ v BakunHHbIM witamm vOka VZV (BenukobputaHus) He cBA3bIBaNuCh C
npenaparamu HerpopeLenTopoB mosra SPF mbiwen nuHnum BALB/c B oTnvymne oT UKOro poamnTENbCKOro Bapu-
aHTa pFira VZV n BakuuHHbIX wWtammoB vOka VZV (CLUA); oTcyTCTBME HEMPOTPOMHOCTM OTEYECTBEHHbIX Bak-
LUMHHBbIX WwTammoB VFiraVax VZV n vZelVax HZ He cBsi3aHO CO CHUXEHWEM UMMYHOTEHHOCTU MO OTHOLLEHUIO K
3apybexHbIM aHarnoram; B KOHUEHTpaTe BUpyccogepxallen xuakoctu vFiraVax VZV npu anekTpoHHO-MUKPOCKO-
NMYeCcKoM nccrnenoBaHun obHapyxeHbl Hykneokancuasl VZV.

BbiBogbl. CyLLecTBYOT pa3nuung B cnocobHocTn VZV K CBS3bIBaHMIO C NpenapaTtamMmm MeMOpaHHbIX peLenTopoB
Mo3ra SPF mbiwen nuHnum BALB/c, 06ycrnoBneHHble pa3nuumsamMm B TEXHOMNOMMSAX CO3AaHNs BaKLWH, B TOM Yucre
crnocobamu atTeHyaumm, Nnony4YeHnss BakKLUMHHOIO wTaMMa, 0COOEHHOCTAMU POAMTENBCKOrO NTAaTEHTHOro BUPY-
ca IpZel HZ. [lokazaHo OTCYTCTBME CBSI3bIBaHUS C MpenapaTtamun HenpopeLlentopoB mosra SPF mbiwen nuHum
BALB/c oTeyecTBeHHbIX BakLMHHbIX WTammoB VFiraVax VZV un vZelVax HZ, He cBA3aHHOE CO CHUXEeHMEM UX UM-
MyHOreHHOCTU. MeToa OLEHKM CBA3bIBatOLLEN CMNOCOOHOCTY BaKLMHHBIX LWTAMMOB VZV MOXET ObITb NPUMEHEH
B Ka4yecCTBe NpeaBapuUTENIbHOW XapaKTEPUCTUKM HEMPOTPOMHOCTM BHOBb CO34aBaeMbIX BaKLUMHHbBIX LUTAMMOB U
BaKLMHHBIX NpenapaToB.

Knrodeenbie cnioga: supyc aempsiHOU OCIbI U Orosicbi8arowe2o eepreca; Oukulti poOumerbCKull upyc; nameHm-
HbIl podumenbckull supyc; xon00o0adanmupoeaHHbIl 8aKUUHHBLIU 8UPYCHbIU WmamMM;, ammeHyUpOo8aHHbIE 8aK-
UUHHbIE 8UPYCHbIE WMaMMbl; rpenapam memMbpaHHO20 peyenmopa Mo32a Mbiwel; UHPEKUUOHHOCMb 0bpa3s-
ua; HellpompornHoCMe.

UcmovHuk ¢puHaHcupoeaHusi. ABTOPbI 3asBnAT 06 OTCYTCTBUM (hMHAHCUMPOBAHMSA NPY NPOBEAEHNMN NCChe-
OOBaHus.

KoHgbnnukm uHmepecos. ABTOPbI AEKNapUPYHOT OTCYTCTBUE SIBHbIX U MOTEHLMANbHbIX KOH(IUKTOB NHTEpPE-
COB, CBA3aHHbIX C MNyOnukaumen HacTosILLEN CTaTbMy.
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LienTopoB Mo3ra Mbllew. XKypHan mukpobuonoauu, anudemuornioauu u ummyHobuonoauu. 2020; 97(2): 125-133.
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Introduction

The varicella-zoster virus (VZV) is a highly
cell-binding neurotropic human a-herpesvirus that
causes chickenpox and shingles (HZ). After the pri-
mary infection, the VZV establishes persistent latent
infection in sensory ganglia of the peripheral nervous
system to become reactivated later at the induction of
neurological disorders. Primary and recurrent VZV in-
fections are hard to treat in patients with a weakened
immune system, as the outcome depends on an efficient
cell-mediated immune response. The VZV reactivation
from latency in sensory nerve ganglia is a direct conse-
quence of VZV neurotropism [1-3].

Several in vivo models have been developed to
study VZV neurotropism, latency and reactivation [4,
5]. While being informatively valuable, these in vivo
models are not suitable for mechanistic studies. Fur-
thermore, they are unavailable to the wider scientific

community, as they are technically challenging, costly
and are not ethically approved in some countries [6].

Experts are especially concerned about neurotro-
pism of VZV vaccine strains. The vOka VZV vaccine
strain and its ability to prevent reactivation are being
debated due to its characteristic neurovirulence [7].

Most commonly, neurotropism of virus vaccine
strains for cell culture-derived vaccines is studied by
infecting the brain of rhesus monkeys (Macaca mulat-
ta) susceptible to VZV.

The research paper [8] offers the method of attenu-
ation of viruses depending on their ability to bind or not
to bind to human, monkey or rodent brain membrane
receptors (BMR). The authors relied on the data that the
virus is not able to infect a susceptible cell, if its viral
protein does not bind to the surface molecule acting as
a receptor for the virus. The method of viral attenuation
implies screening candidates for live virus vaccines by
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selecting the virus variants that do not bind to BMR
preparations. The authors’ objective was to select the
virus variants that do not bind to BMR preparations out
of the mix of wild-type viruses and human, monkey or
rodent BMR preparations; in other words, the authors
offered a new method of producing attenuated viruses.

We decided to use the offered method for assess-
ment of the ability of traditionally attenuated VZV
vaccine strains to bind to preparations of mouse brain
neuroreceptors.

We obtained two cold-adapted (CA) VZV strains:
vFiraVax VZV and vZelVax HZ [9, 10]. The clinical iso-
late for vFiraVax attenuation was obtained from a healthy
6-year-old child; the isolate for vZelVax was obtained
from an adult 63-year-old man during the reactivation
of herpes zoster infection. For both CA viral strains, we
thoroughly studied their biological activity in different
cell cultures, biological markers of attenuation, and in
vivo immunogenicity in guinea pigs. The method of ob-
taining vaccine preparations is distinct in the specific at-
tenuation of strains at lower temperatures and in creating
vaccines from extracellular virus-containing materials.

Purpose: assessment of the ability of the Russian
CA VZV strains and their foreign counterparts to bind
to BMR preparations of SPF BALB/c mice.

Materials and Methods

The study was performed on the strain of diploid
cells from human embryonic lung tissue (HEL-3), the
strain of diploid cells from human embryonic mus-
culocutaneous tissue (MC 27), the primary cell cul-
ture of guinea pig fetal fibroblasts (pcGPFF) and the
strain of diploid cells from guinea pig fetal fibroblasts
(dcGPFF). Cell cultures were grown in a DMEM/F-12
(PanEco) medium with 10 mM HEPES, 5% fetal calf
serum (FCS; HyClone) with addition of 2 mM L-gluta-
mine and 40 pg/ml gentamicin.

The studied viruses were as follows:

» wild-type parental pFira VZV virus variant —

pFira VZV;

* CA vFiraVax VZV vaccine strain — vFiraVax
VZV;

* latent parental IpZel HZ variant — IpZel HZ;

* CA vZelVax HZ vaccine virus strain — vZelVax
HZ,

* vOka VZV vaccine virus strain, isolated from
vaccine against VZV infection (USA) — vOka
VZV (USA);

e vOka VZV vaccine virus strain, isolated
from vaccine against VZV infection (United
Kingdom) — vOka VZV (UK).

The wild-type virus variants — pFira VZV and Ip-

Zel HZ — were attenuated by using a traditional meth-
od of passaging clinical isolates at a lower temperature
(30°C) in cell cultures: HEL-3 — 12 passages, pcG-
PFF — 6 passages, HEL-3 — another 2 passages. The
duration of one passage was 10 days.
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The VZV infectivity was estimated by using MC
27 or dcGPFF cell culture grown on 24-well plates. The
seeding density was 10° cells/well. A tenfold dilution of
the virus-containing fluid (VCF) was performed from
10to 107'% 0.1 ml of VCF was added to the plate wells
with testing culture. The contact between VCF and the
cell monolayer lasted 1.0—1.5 hours at 36.5°C. Upon
completion of the contact, all the wells, including con-
trol wells with uninfected cells, were filled with 0.9 ml
of maintenance medium — DMEM with 2% FCS. The
virus titer was measured on the 7" day from the time
of infection by using a hemadsorption test performed
with 0.25% suspension of red blood cells from guinea
pig or human type 0 positive blood. The virus titer cor-
responded to the highest virus dilution causing hemad-
sorption in 50% of infected cultures, with no hemad-
sorption in control uninfected cell cultures.

The 0.25% guinea pig or human red blood cell
suspension was prepared by three-time washing of red
blood cells with normal saline 0.9% NaCl. 0.3 ml of
red blood cell suspension was added to each well with
infected and uninfected control cells prewashed with
phosphate-buffered saline (PBS). The suspension was
left for 30 min at 4°C and for another 30 min at room
temperature. Then the plate wells were washed three
times with normal saline 0.9% NaCl to wash away red
blood cells; the presence or absence of hemadsorption
was registered with a light microscope (x70).

Guinea pigs, 300400 g in weight, were immu-
nized subcutaneously with a single vaccine dose con-
taining VZV vaccine strains: vFiraVax VZV, vZelVax
HZ, vOka VZV (USA). Cardiac puncture was made on
the 37" and 80" days after the immunization. The ob-
tained immune sera were treated with RDE-11 (Seiken)
to remove thermolabile and thermostable inhibitors of
serological tests.

The cross-neutralization test was performed on
MC 27 cell culture grown on 24-well plates (Costar).
The cells were grown in a DMEM/F-12 medium with
5% FCS, 2 mM of glutamine and 40 pg/ml of genta-
micin. In total, 10 dilutions of the immune virus-spe-
cific serum were prepared in two steps, starting from
1: 50. 0.2 ml of 1000 doses (1 vaccine dose in 0.1
ml) was added to each immune serum dilution; then
the mixture was vortexed and left for 1 hour at 37°C,
being vortexed repeatedly every 15 minutes. After the
medium was removed from the 24-well plates with
grown cells, 0.1 ml of the mixture was added to every
2 wells of the same dilution and was left in an incuba-
tor for 1 hour at 37°C and 5% CO.,. After the contact
was over, 0.8 ml of DMEM maintenance medium with
2% FCS was added to each well, and the cultivation
continued for 7 days. Each plate received virus dose
control and cell control.

The dcGPFF cell culture was grown in 3 culture
flasks with a surface area of 175 cm?. After the uniform
cell monolayer was formed, the medium was removed
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from the flasks; the cell monolayer was washed twice
with PBS containing Ca** and Mg?*ions; 5 ml of HEL-3
cell suspension infected with vFiraVax VZV was added
to the cell monolayer. The contact between the infected
cells and the cell monolayer continued 2 hours at 30°C.
After completion of the contact, 35 ml of DMEM main-
tenance serum-free medium was added to the infected
culture flasks, and the cultivation continued for 14 days
at 30°C. Then the culture flasks containing infected cells
were frozen three times at 70°C and then thawed repeat-
edly. The infected cell suspension in a volume of 100 cm?
was centrifuged at 4,000 rpm (Gouan) during 15 minutes
at 4°C. The resulting supernatant was removed into cen-
trifuge tubes for further ultracentrifugation in an Optima
centrifuge, Rotor SW 32T, at 25,000 rpm during 3 hours.
The residue collected in the tris-buffer was checked for
infectivity and handed over for electron microscopy.

Electron microscopy. Negative staining was used
to study preparations with an electron microscope. In
the above method, we used non-selective absorption
of samples present in the suspension and an electron
microscopic grid coated with formvar film stabilized
with carbon. One of the immunoelectron microscopy
methods was used to increase the amount of virus-spe-
cific samples on the film. In compliance with this me-
thod, samples were adsorbed to a carbon-formvar film
pre-sensitized with VZV immune serum. All prepa-
rations were fixed in 4% paraformaldehyde pH 7.0,
rinsed with PBS and counterstained with 1% solution
of phosphotungstic acid pH 7.0.

The preparations were studied in a GEM-100 CX
electron microscope at a magnification of 58,000 and
photographed by using AQFA film.

Total DNA isolation. Viral DNA was isolated
from the samples by using the standard method of phe-
nol-chloroform extraction [9] with some modifications,
namely: After alcohol precipitation, the samples were
additionally purified through microdialysis by using the
following centrifugal filters: Ultra 0.5 ml 3K membrane
(Millipore). The purification was performed 5 times;
480 pl of Tris 10 mM was added to 20 pl of the sample
that was further centrifuged.

DNA nonspecific amplification. To increase the
amount of viral DNA in the samples we performed non-
specific amplification with the help of a Ready-To-Go
GenomiPhi V3 DNA Amplification Kit and using the
manufacturer’s protocol.

The real-time PCR was conducted by using the
described technique [11]. The reaction mixture for
PCR was prepared immediately before PCR (1 reac-
tion requires: 10 pl 2.5X buffer with Tag-polymerase;
1 pl TagMan probe VZV 29 at a concentration of
10 pM; 2 pl forward and reverse primers at a con-
centration of 5 uM; 7 pl water). PCR was conducted
with Prime 95 DT thermal cycler (DNA Technology),
following the protocol: Initial denaturation at 95°C for
120 sec, then 45 cycles at 95°C for 15 sec and at 55°C

for 60 sec. The reaction results were measured by the
threshold cycle, using the software of the thermal cy-
cler manufacturer.

Cloning and sequencing of viral DNA. The DNA
samples were used as matrices to amplify a 815 base-
pair DNA fragment of viral genome encoding open
reading frames 0 and 1; the following primers were
used: CGCCAGCCTTTAACAAAAC (forward) and
TATTTTTGGGATCCGCAATG (reverse). PCR was
performed with a TProfessional Gradient thermal cy-
cler (Biometra) and with the Phusion High-Fidelity
DNA Polymerase, following the recommendations of
the fragment manufacturer.

The PCR products were treated one time with
Tag-polymerase (to receive 3'-A ends); then they were
cloned in a pAL2-T vector (Evrogen) with the help of
T4 DNA-ligase to be further transformed into a E. coli
XLBlue strain to go further through screening by us-
ing the antibiotic ampicillin as a selection marker and
through blue-white screening with a chromogenic sub-
strate X-Gal.

Plasmid DNA was isolated from individual clones
and then analyzed by using agarose gel electrophoresis
in the presence of ethidium bromide, then nucleotide
sequences of insertions were identified. The synthesis
of primers and sequencing was commissioned to Evro-
gen and Syntol.

Bioinformatic methods. To design primers and
probes, to decide on a cloning strategy and to analyze
nucleotide sequences we used Vector NTI software.

Obtaining mouse BMR. Brains we dissected out
of 15-20 heads of 4-week-old SpF BALB/c mice, mea-
sured their weight (4.7-6.3 g), added 50 mM tris-buf-
fer pH 7.6 and homogenized in a Dounce homoge-
nizer. The homogenate was centrifuged in a benchtop
centrifuge at 14,000 rpm at 4°C during 15 min. The
weight-volume ratio was 1 : 7. The supernatant was
decanted, then the buffer was added in the same vo-
lume to the precipitate and the process was repeated
twice. Between the 2™ and the 3™ centrifugation, the
homogenate was incubated at 37°C during 10 min. The
final precipitate was resuspended in DMEM medium
with 2% FCS; the moist brains were stored at —70°C
until use. The protein concentration in the brain mix
was measured with a NanoPhotometer NP 89-Touch
spectrophotometer. The protein concentration in the
precipitate must be within a 20-40 mg/ml range. In
our tests, we used 38—40 mg/ml of the preparation of
BMR of SpF BALB/c mice.

Determination of residual infectioion activity af-
ter binding of the virus to mouse brain neuroreceptors.
100 pl of VCF of pFira VZV (2™ passage), vFiraVax
VZV (20" passage), IpZel HZ (2™ passage), vZelVax
HZ (20™ passage), vOka (USA), vOka (UK) strains
were used to add 900 pl of brain neuroreceptors of
SpF BALB/c mice. 100 pl of VCF of the above VZV
variants were used to add 900 pl of tris-buffer. Con-
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Fig. 1. Electron microscopy (x150,000), the scale bar corresponds to 100 nm.

trol: 900 pl of mouse brain neuroreceptors was added
to 100 pl of tris-buffer. All the above listed samples
were incubated at 37°C during 30 min, including re-
gular shaking every 5 min. Then all the samples were
centrifuged at 14,000 rpm during 15 min to remove the
membrane material and bound virus.

The residual viral infectivity of the samples was
checked in the supernatant through titration and using
the limiting dilution method in VZV-sensitive dcGPFF
cell cultures. The infectivity was estimated with the
help of hemadsorption test with 0.25% suspension of
red blood cells from guinea pigs.

The data were analyzed with the help of GraphPad
Prism statistical software.

Results

To confirm the VZV presence in the study material
we analyzed the vFiraVax VZV strain VCF concentrate
with an electron microscope. The negative staining tech-
nique detected only nucleocapsids of the CA vFiraVax
VZV strain at the 20" passage level (Fig. 1). For reasons
not yet understood, virions of extracellular VZV VCF
have not been detected by electron microscopy [12].

The virus identity was also confirmed by using
partial sequencing of isolated plasmid DNA fragments
encoding orf 0 of pFira VZV and IpZel HZ strains on
the 8" passage. The genome section equal to 580 nu-
cleotide sequences of DNA of VZV variants partially
attenuated at a lower temperature was compared with
the European strain Dumas and with Japanese pOka
VZV and vOka VZV strains (Fig. 2).

The preliminary phylogenetic analysis showed
that partially attenuated pFira and IpZel VZV variants,
which are used in creating Russian CA vaccine strains,
are closely related to strain Dumas, thus corresponding
to the European VZV type, and are slightly different
from the Japanese genotype (Fig. 3).

The mutation in position 567 (T567C, Stop-Arg)
(Fig. 2) is one of the molecular determinants of the
weakening virus in vaccine strains as compared to wild-
type viruses. The comparative analysis of viral nucleo-
tide sequences showed that pFira VZV and IpZel HZ
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strains are partially attenuated during earlier passages
and do not contain the mutation typical of attenuated
vaccine strains [13—15].

The most important feature of live attenuated vac-
cines is their higher efficiency as compared to inactiva-
ted vaccines, as they are able to produce stronger innate
and adaptive humoral and cellular immune responses.

The immune serum for the CA vFiraVax VZV vi-
rus strain, which was obtained on the 37" and 80" days

230 240 250

GCATGGATGACGTT
GCATGGATGACGTT
GCATGGATGACGTT

IpZel CCTCACGTCGTCCCC
Dumas CCTCACGTCGTCCCC
pFira CCTCACGTCGTCCCC
pOka CCTCACGTCGTCCCCCGGCATGGATGACGTT
vOka (UK) CCTCACGTCGTCCCCCGGCATGGATGACGTT
vOka (USA) CCTCACGTCGTCCCCCGGCATGGATGACGTT
Consensus CCTCACGTCGTCCCCCAGCATGGATGACGTT

268 280 290
IpZel TECCCTACCTACCCACATACGCCGAGGCCGT
Dumas TECCCTACCTACCCACATACGCCGAGGCCGT
pFira TGCCCTACCTACCCACATACGCCGAGGCCGT

pOka TTCCCTACCTACCCACATACGCCGAGGCCGT
vOka (UK) TTCCCTACCTACCCACATACGCCGAGGCCGT
vOka (USA) TTCCCTACCTACCCACATACGCCGAGGCCGT
Consensus TCCCCTACCTACCCACATACGCCGAGGCCGT

560 570 580
IpZel CTCAACTACATIGAAACTACTGTCCGGAAGGG
Dumas CTCAACTACATIGAAACTACTGTCCGGAAGGG
pFira CTCAACTACATIGAAACTACTGTCCGGAAGGG
pOka CTCAACTACATGAAACTACTGTCCGGAAGGG
vOka (UK) CTCAACTACACGAAACTACTGTCCGGAAGGG
vOka (USA) CTCAACTACACGAAACTACTGTCCGGAAGGG
Consensus CTCAACTACATGAAACTACTGTCCGGAAGGG

Fig. 2. Alignmemt of the nucleotide sequences of the viral
DNA of strains of Varicella zoster virus (VZV).

Dumas — European wild-type VZV.
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5K-1 (-0.0300)

4N2 (0.0300)

5K-2 (-0.0174)

— Dumas0-1 (0.0014)

pOka_0-1 (-0.0003)

L vOka(GSK) (0.0018)

L yOka(M) (0.0008)

Fig. 3. Phylogenetic analysis of various VZV strains.
5K1 and 5K2 — isolate clones pFira; 4N2 — isolate clone IpZel.

after the immunization of guinea pigs, equally efficient-
ly neutralized all the three VZV strains (Fig. 4): The
highest neutralizing activity was demonstrated with the
homologous strain, while the lowest activity was ob-
served with the vOka VZV (USA) vaccine strain. The
immune serum for the vOka VZV (USA) vaccine strain,
which was obtained on the 37" day after the immuni-
zation of guinea pigs, equally efficiently neutralized all
the three VZV strains, including the homologous vOka
VZV (USA) vaccine strain.

The immune serum for the vOka VZV (USA)
strain, which was obtained on the 80" day after the im-
munization, had slightly different neutralizing activity.
This high-titer immune serum neutralized all the three

6400 6400
6400

3200
3200 H

1600 -

800 -

400 A

200 -

100 A

T

50

vZelVax vOka (USA)I vFiraVax

37" day 80" day
Immune serum to VZV vFiraVax

vFiraVax

studied VZV strains. The results obtained from the
cross-neutralization test clearly demonstrated that do-
mestic CA vFiraVax VZV and vZelVax HZ strains were
as good as the vOka VZV (USA) strain in terms of their
immunogenicity in vivo testing in guinea pigs.

The specific characteristics of VZV binding to
brain neuroreceptors of SPF BALB/c mice were as-
sessed through comparison of wild-type viruses with
attenuated vaccine strains [16]. When the CA vFiraVax
VZV strain of the 20" passage was compared with its
wild-type parental variant of the 2™ passage, it was found
that the wild-type pFira VZV virus variant binds to the
preparation of brain neuroreceptors of SPF BALB/c
mice, having a binding index of 2.0 Ig HAU,  (Ta-
ble); the binding percentage is 25.03, while vFiraVax
VZV lost completely nervous tissue tropism.

A different picture is demonstrated by the latent
parental IpZel HZ virus of shingles, which existed for
over 50 years in sensory nerve ganglia of a 63-year-
old patient; it continuously reactivated and caused
post-herpetic neuralgia. This latent parental lpZel HZ
virus and its CA vZelVax HZ vaccine strain lost tropism
to nervous tissue of SpF BALB/c mouse brain.

Interestingly, the vOka VZV (USA) vaccine strain
can bind to preparations of brain neuroreceptors of SPF
BALB/c mice. The binding index is 1.0 lg HAU, |
. the binding percentage is 15.4. On the other hand,
the vOka VZV (UK) virus strain lost tropism to brain
neuroreceptors of SPF BALB/c mice. In our opinion,
the different binding ability of the same Japanese vOka
VZV vaccine strain can be explained by different back-
ground of passages in cell cultures from different ma-
nufacturers.

Thus, the relatively simple method of assessment
of the ability of VZV vaccine strains to bind to brain

6400 6400

3200 3200 3200 3200

vZelVax vOka (USA)I vFiraVax

vZelVax vOka (USA)

37" day 80" day
Immune serum to VZV vOka (USA)

Fig. 4. Cross-neutralization test of attenuated VZV strains (1,000 doses) with immune serums of guinea pigs on the 37"
and 80" days since the immunization.

Ordinate: Neutralization titers of immune serums: 100% protection.
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Comparative assessment of the binding of VZV strains to BMR preparations SPF BALB/c mice

Infectivity, Ig HAU

50/0,1 ml

Viral strain p The binding index, Ig HAU,, ; Binding, %
virus + buffer (n = 4) virus + BMR (n = 4)
vFiraVax VZV 7.5+0.029 8.5+0.036 <0.001 -1.0 0
pFira VZV 8.5+ 0.051 6.5+0.035 <0.001 2.0 25.03
vZelVax HZ 7.5+0.041 7.5+0.029 >0.05 0 0
IpZel HZ 8.0 £ 0.041 8.5+ 0.046 <0.05 -0.5 0
vOka VZV (UK) 7.0 £0.034 7.5+0.029 <0.05 -0.5 0
vOka VZV (USA) 6.5 £ 0.005 5.5+ 0.055 <0.001 1.0 15.4

Note: BMR — brain membrane receptors; HAU — hemoadsorbtion unit.

neuroreceptors of SPF BALB/c mice can be important
for preliminary evaluation of neurotropism of new vac-
cine strains.

The tests clearly demonstrated that the Russian
CA vFiraVax VZV u vZelVax HZ strains, which we
created, do not bind to rodent brain neuroreceptors in
contrast to their wild-type parental variants.

Discussion

Although the present-day varicella vaccines are
substantially attenuated, they can retain residual neuro-
virulence and damage sensory ganglia. The factors par-
ticipating in invasion of neurons and in establishment
of latency are still not clear [7].

In vivo studies of VZV neurotropism involve
problems, as the virus causes diseases only in people
and rhesus monkeys (Macacca mulatta) [17]. These
studies are challenging and costly [18-20].

The purpose of our study was to characterize vari-
cella zoster virus vaccine strains — vFiraVax VZV and
vZelVax HZ — by their ability to bind to preparations
of brain membrane receptors of SPF BALB/c mice.

Prior to performing the main test for checking the
ability of VZV vaccine strains, which we created, to
bind to brain neuroreceptors of SPF mice of the BAL-
B/c line, we used the electron microscopy data to check
for the presence of nucleocapsids in the VCF concen-
trate of vFiraVax VZV vaccine strain and we used the
findings of partial sequencing of the isolated plasmid
DNA fragments encoding orf 0 to confirm their simila-
rity to the European VZV strains.

Then we compared the main and the most im-
portant function of vaccine strains — immunogenicity
in vivo. For this purpose, we conducted a cross-neu-
tralization test by using vFiraVax VZV and vZelVax
HZ vaccine strains as well as foreign vOka VZV
(USA) strains and sera from guinea pigs immunized
subcutaneously with a single vaccine dose. The immu-
nogenicity of all the studied strains was high, and the
Russian vaccine strains were as good as the foreign

131

vOka VZV (USA) vaccine strain in terms of immu-
nogenicity.

In our tests, the wild-type parental pFira variant
bound to the mouse BMR preparation as distinct from
its CA vFiraVax VZV vaccine strain. On the other hand,
the latent parental IpZel variant and the CA vZelVax HZ
vaccine strain did not bind to the mouse BMR prepara-
tions. The tests demonstrated difference in the binding
ability of the vOka VZV vaccine strain obtained from
vaccines from different manufacturers: vOka VZV (UK)
vaccine strain did not bind to mouse brain membrane re-
ceptors, while the binding index for vOka VZV (USA)
vaccine strain was 1 1g HAU 50/0.1 ml.

The above differences, in our opinion, can be ex-
plained by differences in the technology of manufactur-
ing vaccines based on the vOka VZV vaccine strain: the
intracellular virus bound to the cell material, the extra-
cellular virus-containing material used by foreign and
Russian manufacturers, different methods of attenua-
tion [9] and obtaining of the vaccine strain, the specific
characteristics of the parental IpZel HZ virus due to long
staying of the latent virus in human nerve ganglia. The
study confirmed the absence of binding to mouse brain
neuroreceptors for the Russian vaccine strains boasting
immunogenicity comparable with the immunogenicity of
the foreign counterparts; it also proved that the proposed
method can be used for the preliminary assessment of
VZV neurotropism in newly created vaccine strains and
vaccine preparations.
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beckneTroyHana KOKNOLWHaA BaKUHa U3 aHTUreHOB
CBeXXeBblfie/IeHHOro WwTamma B. pertussis cepoBapa 1.2.3

3anuyes E.M.®, baxxaHoBa W.I., bpnynHa M.B., Mepuanosa H.Y., OzepeukoBckaa M.H.

OIBHY «HayuHo-uccnegoBaTenbCKMm MHCTUTYT BakUMUH 1 CbIBOPOTOK UMeHU V.U, MeuHukoBa», 105064, MockBa, Poccus

Uenb paboTtbl — paspaboTka TEXHONOrMM M3roToBneHnst 6eCkneTodHON KokmnoLwHom BakumHbl (BKB) ns ceexe-
BblAENeHHoro wramma B. pertussis cepoBapa 1.2.3 1 n3y4eHue ee NpOTEKTUBHON aKTMBHOCTM 1 Ge30MacHOCTU B
CpaBHEHMU C NpenapaToM U3 BakLUMHHbIX LLITaMMOB.

MaTtepuanbl u meToAbl. Vicnonb3oBanu WTammbl B. pertussis: cBexeBblgeneHHbI wtamm Ne 211, cepoBapuaHT
1.2.3; BakumHHble wtammbl Ne 305, cepoBapuaHT 1.2.0 u Ne 475a, cepoBapuaHT 1.2.3. o opurnHansHom MeTo-
OVKe U3 cynepHaTaHTa XUAKOW cpefbl KynbTuBUMpoBaHus B. pertussis wutamma Ne 211 nonyyeHa BKB 1 nsyyeHsl
€€ NPOTEKTUBHbIE Y TOKCUYECKME CBOMCTBA.

PesynbraThl. ViccnegoBaHust nokasanu, 4to Ana nonyveHunss BKB, cocTosillen u3 aHTUreHoB CBEXEBbIAENEH-
HOro wTamma, TpebyeTcst ncrnonb3oBaHne oboralleHHbIX NUTaTenNbHbIX CPEA NMPU KyNbTMBMPOBAHUN LUTaMMa U
yBENMYeHne cpoka AETOKCMKaLUN KOMMIIeKca NPOTEKTUBHBIX aHTUTEHOB, BbIAENEHHOrO U3 cpeabl KynbTMBUPO-
BaHus Wwtamma. BKB, nonyyeHHas n3 cBexeBbIAENeHHOro Wwramma, obnagana npoTekTUBHLIMY CBONCTBaMM, B
1,7 pasa npesblWaLWMMN NPOTEKTUBHbIE cBoNcTBa BKB, nony4eHHoOM 13 BakUMHHbLIX LUTAMMOB, NpY OTCYTCTBUMU
TOKCUYECKNX CBOWCTB M HU3KMUX CEHCUOMMM3NpyoLWmnX cBoMCTBax. [onyyeHHble pe3ynbraThl CBUOETENbCTBYOT
0 NepPCMNeKTUBHOCTY UCMONb30BaHUS CBEXEeBbIAeneHHoro wrammMa Ne 211 Anst nony4YeHnst KOKMOLHbIX BaKUMH.

Knrodeenie cnioga: wmammbl B. pertussis; obozaweHHble numameribHble Cpedbl; KyrbmuguposaHue; 0emoKcu-
Kayusi; beckriemoyHasi KOK/IIoWHas 8akyuHa; npomekmusHbie ceolicmea, nelikoyumo3scmumMynupyrowasi akmus-
HOCMb, 2ucCmMamMuHceHcubunu3upyouas akmugHoCms.

UcmoyHuk ¢puHaHcupoeaHusi. ABTOPbI 3asBNSIOT 06 OTCYTCTBUM (PUHAHCUPOBAHWS MPU NPOBEAEHWN UCChe-
[l0BaHus.

KoHgpriukm uHmepecos. ABTOpbI AEKNapUPYIOT OTCYTCTBUE ABHbIX U NOTEHLManNbHbLIX KOHMMMKTOB UHTEpe-
COB, CBSI3aHHbIX C Nybnunkaumen HacTosLwen cTaTbu.

Ansa yumupoeaHusi: 3anues E.M., BaxaHoBa W.I"., BpuuyuHa M.B., Mepuanosa H.Y., OsepevrkoBckas M.H.
BeckneToyHas KokMOLWHAasA BaKLMHA U3 aHTUTEHOB CBEXEBbIAENEHHOro WwraMmma B. pertussis cepoBapa 1.2.3.
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Cell-free pertussis vaccine from antigens of freshly isolated strain
of B. pertussis serotype 1.2.3

Evgeniy M. Zaitsev=, Irina G. Bazhanova, Marina V. Britsina, Natalia U. Mertsalova,
Mariya N. Ozeretskovskaya

Mechnikov Research Institute for Vaccines and Sera, Moscow, 105064, Russia

Aim. Development of technology for the manufacture of cell-free pertussis vaccine (CPV) from a freshly isolated
strain of B. pertussis No. 211 serotype 1.2.3 and the study of its protective activity and safety in comparison with
the preparation of vaccine strains.

Materials and methods. Following B. pertussis strains were used: freshly isolated strain No. 211, serotype 1.2.3;
vaccine strains No. 305, serotype 1.2.0, and No. 475a, serotype 1.2.3. According to the original method, a CPV
was obtained from the supernatant of the liquid culture medium of B. pertussis strain No. 211 and its protective
and toxic properties were studied.

Results. Studies have shown that the use of enriched nutrient media for the cultivation of the strain and the
increase in the duration of the the detoxification period of the protective antigen complex isolated from the culture
medium are needed to obtain a CPV vaccine consisting of antigens of a freshly isolated strain. CPV obtained
from the freshly isolated strain had protectivity 1.7 times higher compared to those of CPV obtained from vaccine
strains, was nontoxic and had a low sensitizing properties. The results indicate that the freshly isolated strain
No. 211 is a promising candidate for use in the development of pertussis vaccines.
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BeBepeHune

Koxmromr — 3a0oieBaHue, BBI3BIBAEMOE OaKTe-
pusimu Bordetella pertussis, Hanbonee omaceH ajs He-
MMMYHM3UpPOBaHHbIX MiajaeHues [1, 2]. Ilo naHHBIM
BO3, B 2016 r. 3a60meBaemocts Ha 100 TBIC. HETEN B
Bo3pacte 10 14 net cocrapmsuia 30,392. Bakuunanus
MPOTUB KOKJIIOIIA, HayaBIasics ¢ 1940 r., pe3ko cHU3U-
J1a YpOBEHb 3a00JI€BaEMOCTH, OJIHAKO B MOCIICIYIOLINE
roJibl CHOBA HA4YaJloCh MOCTENIEHHOE YBEJINYCHUE YHC-
JIa BCTIBIIIEK KOKJIIOIIA BO BCEM MHpPE, OCOOCHHO B I0-
clle/iHee JeCSITUIETHE, HECMOTPS Ha BBICOKHI YPOBEHb
BaKIIMHAIIMK HaceleHus [3—6].

Bo MHOrMX cTpaHax Mupa TIpPOBEICHO HM3y4YCHHUE
reHoma B. pertussis, oKa3aBLIEE, YTO OJHON U3 PUUUH
MPOJOJDKAIOIIETOCS SMUIEMUIECKOTO IpoLiecca KOKIIo-
1Ia SBJISETCS HECOOTBETCTBUE T'€HOTHUIIOB BAaKIMHHBIX
LITaMMOB B. pertussis TEHOTUIAM LUPKYIUPYIOIIUX B
HacTosIIee BpeMsl IITaMMOB. MoJeKyisipHO-TeHeTHYe-
CKHIi aHaJIM3 WITaMMOB B. pertussis BbISIBUI aJUlCIIbHbBIC
BapUaHTBl TCHOB, KOAMPYIOIIMX MpoAayKuuio S1 cyOb-
CIMHUIBI KOKJIIOITHOTO TOKCHMHA (pixA), TMepTakThHA
(prn), bumOpuanbHBIX O0enKoB (fim2 u fim3) U HEKOTO-
PBIX APYTHX (PAKTOPOB BUPYICHTHOCTH.

[Monmymsinus HUPKYIUPYOLUX IITaAMMOB B. per-
tussis B OONBIIMHCTBE CIy4yaeB MMeEET aJjielbHbII Ba-
pHaHT ptxP3 reHa IpoMOTOpa KOKJIIOUIHOTO TOKCUHA U
ptxAl annenp reHa KOKJIIOIIHOTO TOKCHHA; JOMUHHPY-
IOT LITAMMBI, UMEIOIINE prin2 U prn3 ajjlelid TeHa mep-
TaKTHUHA; OTMEYACTCsl TCHIACHIUS K YBEJIWYCHUIO JION
TaMMOB ¢ fim2-2 u fim3B annensmu GpuMOpHUaTbHBIX
reHOB. Y BaKIMHHBIX IITAaMMOB Ipeo0OianarT pixA2
U ptxA4 amienu reHa KOKIIOIIHOTO TOKCHHA, ajjielb
ptxPI npoMoTOpa KOKJIIOUTHOTO TOKCUHA, prinl ajnens
reHa MepTakTHHa, fim2-1 u fim3A4 annenu reHoB QpuM-
Opuii. Beiienennsie B 2006-2012 rr. B Poccuu uzoss-
THI coepxkanu 14 reHoTUoB, U3 KOTopsix 98,6% cooT-
BETCTBOBAJIM HOBBIM HEBAKLIMHHBIM T€HOTHUIIAM pixP3,
fim3B, fim3A, prn2/prnd/prn3/prn9 — mrammer Ne 322
u Ne 329 1 cMelIaHHbIM TeHOTUIIAM HEBAKITUHHBIX prn9
W BaKUMHHBIX ptxP2/ fim3A anneneii — mwramm Ne 219;
HEBAKIMHHOTO ptxP3/prn2 W BakIMHHOTO fim3A ai-
nenet — mramm Ne 312. B 2013-2015 rr. mrraMMbl
B. pertussis Ne 329 u Ne 322 nomunupoBanu B Poccun,
BBI3bIBasI TSDKEJIbIC KIIMHUYECKHe (hopMbl KokJtoma [1].

135

Received 25 November 2019
Accepted 12 January 2020

CBexeBblelIeHHbIHN mTaMM Ne 211, ucrons30BaH-
HBIH B HACTOSILEH paboTe s N3rOTOBICHUST KOKJIIOILI-
HOM BaKIMHBI, ObUI BBLAEIEH OT OOJILHOIO KOKIIIOLIEM
pebenka B 2003 . 1 xapakTepusyeTcsi aJuleIbHBIM Ba-
puaHTOM ptxAl TeHa KOKJIIOIIHOTO TOKCHHA, ajlieib-
HBIM BapHaHTOM pixP3 rena mpoMoTOpa KOKJIIOIIHOTO
TOKCHHA, aJJIeIbHbIM BapUaHTOM prn2 TeHa NepTak-
TUHA, aJUIeJIbHBIM BapHaHTOM fim2-1 reHa fim2, an-
JeNbHBIM BapuaHToM fim3B reHa fim3. B BakuuHHOM
mramMe Ne 305 reH ptxA xapakTepusyeTcs ajjienbHbIM
BapuaHTOM pixA2, a B mramme Ne 475a — annenbHbIM
BapUaHTOM pixA4; TeH IPOMOTOPA KOKJIIOLTHOTO TOKCH-
Ha — aiyeneM ptxPl; TeH nepTakThHa — aJIebHBIM
BapuaHToM prnl, reHbl GuMOpHii — aJiesIbHBIMHU Ba-
puantamu fim2-1 u fim3A4 nns oboux mramMmmoB [8].

Takum 00pa3oM, IUPKYIUPYIOLIME B HACTOSIICE
BpeMsl IITaMMBI COJIEpXKaT M3MEHEHHbIC MOCIe0Ba-
TEJIHOCTH T€HOB KOKJIIOIIHOTO TOKCHHA, GUMOpHH U
MEePTaKTHHA, OTIIMYAIOMINECS OT MOCIeA0BaTeIbHOCTEH
B IITaMMax JOBAaKIWHAJIBLHOTO nepuopaa. V3meHeHus
reHoMa BO30yAWTeNsl KOKIIOLIA CTaBiAT BOIPOC O He-
00XOIMMOCTH CO3AaHUsI BaKIIMH HOBOTO MOKOJCHUSI U
3aMEHBI CTapbIX BaKIMHHBIX ITAMMOB Ha HOBbIC [7].
B cBsI3u ¢ 3TUM aKTyaJbHBIMH SIBISIIOTCSL OTOOP M Xa-
PaKTEpPHCTHKA CBEKEBBIACICHHBIX IITAMMOB B Kade-
CTBE KaHAMJATOB AJIsl IPOU3BOJCTBA COBPEMEHHBIX KO-
KIIIOIIHBIX BakUH. [Ipu 5TOM BaxkHOE 3HaUE€HHE UMEET
0TOOp ITaMMOB, UMEIOLIMX TOJHBIA HA0Op armIroTH-
HoreHos: 1.2.3.

Leas uccnenoBanusi — pa3paboTKa TEXHOIOTUH
HM3rOTOBJIEHUSA OECKIETOYHON KOKIIIOMIHOW BaKIIMHBI
(BKB) ©3 CBEXEBBIIEICHHOTO MITaMMa B. pertussis
Ne 211 ceposapa 1.2.3 u uzyueHue ee IpOTEKTUBHOMI
AKTUBHOCTH M 0€30MacHOCTH B CPaBHEHHU C Iperapa-
TOM M3 BaKLIIMHHBIX ILITAMMOB.

MaTepman bl N MeTOobl

B ombiTax ucnonb3oBaHbl MbIIM-THOpUb F
Mmaccoit 10-12 u 14-16 1.

Iltamm B. pertussis Ne 211, cepoapuant 1.2.3
BbIJIeJIeH y OonbHOro peOeHka. M3ydeHbl BaKIWHHBIE
mrammbel No 305, cepoBapuant 1.2.0 u Ne 475a, ce-
poBapuant 1.2.3 (CeneKUUMOHUPOBAHHBIM M3 IITaMMa
Ne 475).
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OPUTMHAJIbHBIE MCCNEAOBAHNA

[IurarenbHbie Cpenbl:

* Ka3eMHOBO-yrojbHbIl arap (KYA);

« arap bopae—Xanry ¢ 20-30% kpoBu yesoBeKa;

* JKUJKasg CHHTETHYeCKas MNHTaTellbHas cpena
(KCC), comepxariasi aMUHOKUCTIOTBI, COJU U
BUTaMUHBI;

* JKUJKas MOJyCUHTETUYECKas MUTaTeNIbHas cpe-
na (OKIIC) — mommudpukanus cpensl Kosna—
Bunnepa ¢ noGaBieHreM IPOTEMHOBOTO HHIPE-
JMeHTa (Ka3eMHOBBIN THAPOIN3AT).

[TpoBepky MOp]OIOTHUECKUX, CEPOIIOTHUECKUX U
KyJbTYypaJbHBIX CBOMCTB IITaMMa IPOBOJIMIN B COOT-
BETCTBHU ¢ MeToauueckumu ykazanusmu'. Jis oreH-
KM CepoBapa IITaMMOB HCIIOJIb30BAIN CHIBOPOTKH JTU-
arHOCTHYECKHE KOKJIIOLIHBIE K armiroTHHOreHam 1.2.3
U MAPAKOKIIIOIIHBIC K armIlOTHHOTeHy 14 ajcopOupo-
BaHHbIE, JUIsl peaklMy arnioTHHAM — «Mearaman,
cepusi 92, cepus 78, cyxue.

Hnst monmydyeHusi HEOOXOIMMOTO KOJIMYECTBA
Onomacchl cBexeBblaeaeHHoro mramma Ne 211 Obuin
anpoOupoBaHbl 3 cxeMbl KynbTuBHpoBanus. [Ipu cxeme
I MUKpOOHBIE KIIETKH KYJIBTUBUPOBAJIH B YCIOBUSIX, UC-
MOJIb3yEMBIX JUIS BBIpAILIUBAHHSI BAKIIUHHBIX IITAMMOB.
[lItaMM BOCCTaHaBIMBAJIM U3 CYXOIO COCTOSHUS Ha
10THBIX cpenax bopne—Kanry ¢ 20-25% kpoBu uerno-
Beka (1-i maccax). Kynbrypsl nmocne 6akrepronoruye-
CKOTO KOHTPOJISL HA YHCTOTY HepeceBaii Ha MPOOUPKH
co cpenoit KYA u BeipamuBanu B Teuenue 16—18 u (2-it
naccax), 3areM KyibTypsl Belpamusain B JKCC ¢ uc-
MOJIb30BaHMEM LIyTTeNb-alnmnapara B TedeHrne 16—-18 u
(IMHaMu4eckoe KylnbTHBHpOBaHME, 3-i maccax). Ha
KOHEYHOM dTane MHUKPOOHbBIE KICTKH BbIpAIlUBAU B
JKCC B cranmoHapHbIX yCIOBUSIX B TeueHHe 5 cyT (4-i
MAacCax).

ITo cxeme II 2-i1 maccax KyJapTyp MPOBOJMIM Ha
cpene KYA ¢ 5% xpoBu uenoBeka.

B cooterctBuu co cxemoii III 2-if maccax Taxke
npoBoann Ha cpene KYA ¢ 5% kpou yenoseka, a 3-if
racca)< OCyIECTBIISUTN B AMHAMHYECKUX YCIOBUSX C HC-
nosp3oBanueM JKIIC. YeTBepThlii maccaxk 3aKiIroyacs B
KyisTHBHpoBaHUY B JKCC B CTallMOHAPHBIX YCIOBUSX.

BupyneHTHOCTb CBEXKEBBIACIEHHBIX U BAKIIMHHBIX
HITAMMOB OIPEEIIAIN Ha MOAETH dKCIIEPUMEHTAIBHO-
ro MEHUHTOZHIe(anuTa y Mbleil. MplliaMm BBOTUIN
MHTpanepeOpaibHO TPU 036l KYIBTYpHL B. pertussis B
oobeme 0,03 MIT ¢ MOCTCIYIOIIUM YYETOM KOJIMYECTBA
MaBLIMX )KMBOTHBIX B TeYeHUe 2 Heal U pacuetom LD, .

BKB 6bl1a monyyeHa mo opuruHaibHONW METOMH-
K€ U3 CyNepHaTaHTa >KUJKON CpeJibl KYIbTUBUPOBAHMS
B. pertussis mmrammon Ne 211, 305 u 475a [9, 10].

[IporextuBHyto axtuBHOCTh BKB mnccienosanu
Ha MOJENU JKCIEPUMEHTAIBLHOTO MEHUHrodHIeda-
JUTa y MBILICH MPH MHTpaLepeOpalbHOM 3apaskeHun

MVK 4.2.2317-08. Ot6op, mpoBepka U XpaHCHHE TIPOU3BOICT-
BEHHBIX IITAMMOB KOKJIIOIIHBIX, IAPAKOKIIIOLIHBIX U OPOHXH-
CENTUKO3HBIX Oaktepuii. M.; 2009.

MMMYHU3UPOBAHHBIX MBbILIEH BUPYJICHTHON KYJIBTYPOU
mramma B. pertussis Ne 18323. Pe3ynsraTsl yUuTHIBAIU
B TEUCHHUE 2 HeJ| ocuie 3apaxeHus’. KOHTpOIbHBIX MbI-
mield 3apaxkalid MHTpalepeOpaibHO JBYKPATHBIMH J0-
3aMH MHUKpPOOHBIX B3BECEH KyJBTypHl IITaMMa B. per-
tussis Ne 18323 B oObeme 0,03 M ¢ MOCIEAYIONIHM
HaOmrofeHueM B TedeHue 14 CyT, y4eToM KOIU4ecTBa
MaBIIKX )KUBOTHBIX U pacyeToM LD, .

JlelikoumTo3cTUMYHPYIOILYI0 aKTUBHOCTD (JICA),
TOKCUYHOCTh M THCTaMHUHCEHCHOMIU3UPYIOIIIE CBOM-
CTBa INpenaparoB NPOBEPSIN B COOTBETCTBUU C Ipa-
BHUJIAaMH TIPOBEJCHMS JOKIMHUYECKUX HCCIIEIOBaHUI
JIeKapCTBEHHBIX cpencTB [11].

LD,, u M3E/Mn  (MexayHapoaHas 3alluTHas
eauHuIa B 1 MJI BakIMHBI) PACCUUTHIBAIM 110 METOLY
Bunbcona n Bycrepa ¢ ucnosnb3oBanuem Tabnun Ha-
LIMOHAJILHOTO MHCTUTYTA 370poBbs CILIA.

PesynbraTbl

N3zyyenne MOp(hOIOrHYECKHIX, CEPOTIOTHUECKUX U
KyJbTypajbHbIX cBOMCTB mTaMMa Ne 211 nmokazaso, 4to
OH OTBEYAET TPEOOBAHMSM, IPEABSBISIEMBIM K ITIAIKOH
dhopme (Paza 1) bakrepuii 1 MOKET OBITh UCIIOIL30BAH
JUTSL IPOM3BO/ICTBA KOKJIIOIIHBIX BakIUH. KoKITtonHbIe
Oakrepun mramma Ne 211 — HemoaBHXKHBIC, TPaMO-
TpULATEIbHbIC, OBOMTHON (OPMBI MEJIKHE TTaJIOUKH —
pacrnonarajiuck B Ma3kax OTJENbHO MM mapamu. Ha
cpene bopne—Kanry konoHum Kpyrible, CE€pOBaTOro
LBeTa, MeJKue, Onecrsmue, Boimykible. [Ipu mocra-
HOBKE Pa3BEPHYTOH peakIMH arnioTHHALMM KYJIbTypa
mramMMa Ne 211 ¢ QMarHoCTUYECKUMHU KOKJIIOIIHBIMH
CBIBOPOTKaMHM K BUJOBBIM arritoTHHoreHam 1.2.3 mpo-
SIBJISIa aKTUBHOCTH B pasBeneHusx 1:1280, 1:160 u
1:640 cooTBETCTBEHHO, KyJIbTypa arrIlOTHHHPOBAJIach
KOKJTIOIIHOW aHTHOAKTEPUATbHON CHIBOPOTKOM.

CaexeBbiaeneHabld mrTamm Ne 211 B. pertussis
OTIIMYAJICd BBICOKUMHU BHMPYJIEHTHBIMH CBOHCTBaMH
(LD, < 4,8 MiH MUKpOOHBIX KJIETOK) U B 3,7 pasa npe-
BBILIAJ BUPYJICHTHOCTh BAKIMHHBIX ITaMMOB (LD, =
18,2 + 2,6 MIH MUKPOOHBIX KIIETOK).

BaxubiM 3Tanom TexHosoruu urorornenus bKB
SIBIISIETCS KYJIbTUBMPOBAHNE IITAMMOB JIJIS TTOJTyYEHUs
OMoOMacchl, JAOCTaTOYHOM MJISi BBIICICHUS KOMILICK-
ca MPOTEKTUBHBIX aHTUIeHOB. [Ipu BhIpamuBaHUM Ha
mwiotHou cpeae KYA (cxema [) cBexeBbLIeICHHBIN
IITaMM JIaBaJI CKYAHBII POCT, a IIPY JaJIbHEUIIEM KyJlb-
tuBrpoBanuu B JKCC HakoruieHre Onomacchl ObLIO He-
JIOCTATOYHBIM JUISl BBIACIICHUS] KOMILJIEKCA MPOTEKTUB-
HbIX aHTUreHoB (15,6 + 0,5 MOE/mn). Mcnonb3oBanue
cxembl 1] TO3BONIMIIO YIyYIINTh POCT KYJIBTYp Ha IJIOT-
HOW cpeze, OAHAKO BBIXOJ OHMOMAacchl OCTaBaJiCsl He-
nocrarounbM (37,1 + 3,8 MOE/mi). [nst BeiaeneHus
KOMITJIEKCa MPOTEKTUBHBIX aHTHICHOB U3 HAJ10Ca/I04-
HOH KMJIKOCTH Cpelbl KyJIbTUBUPOBAaHUA B. pertussis

2 MVYK 4.1/4.2.588-96. MeTozibl KOHTPOJISI MCAMIIHHCKHX HMMMYHO-
OMOJIOTMYECKUX MPerapaToB, BBOAUMBIX JIFomsiM. M.; 1998.
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BBIX0J] OMOMAacCChl, B COOTBETCTBUU C PAHEE IMOJIyYCH-
HBIMU JaHHBIMH 110 u3rotoBneHnio bKB u3 BakunHHbBIX
[ITAMMOB, T0bKEH ObITE He Hinke 50 MOE/mit.

Haubosiee BbICOKHIT BBIXOJ OMOMacchl ObUI OT-
MEYEH IPU UCIOIb30BaHUU cxeMbl Il — HakomieHue
Oromacchl ObUIO JOCTATOYHBIM JUUISl BBIJICIICHUS KOM-
IJICKCA QaHTUTCHOB U3 HAJ0CAJAOYHON KUAKOCTU KyJb-
Typhbl 1 coctaBisuio 68,7 £ 4,6 MOE/mi.

OmHuM U3 3TAIoB TeXHOIOruu u3rorosiennss bKB
SIBIISICTCSL JICTOKCUKAIMS KOMIUIEKCA AHTHUICHOB, BBI-
JICIICHHOTO U3 HaI0CAJ0YHOM KUIKOCTU CPEIbl KYJb-
TUBUPOBAHUS INTAMMOB. Pe3ynbTarbl ETOKCHKAIIUU
OIICHMBAJIM Ha MBIIIAX B TecTe mo onpeaencuuio JICA,
kotopas 1o TpeboanusiMm BO3 He nomKHA NPEBbIIaTh
1 EJI. Ha 1-m 3Tane uccnenoBaHuii ObUIa UCIIOIb30BaHA
METOJIuKa, paHee oTpadoTaHHas Ipu u3roroeieHnu bKB
13 BaKIIUHHBIX IIITAMMOB, COITIACHO KOTOPOU JIETOKCHKA-
LU0 aHTUTEHHOTO KOMIUIEKCa B. pertussis IIPOBOIUIN B
teuenue 17 cyt. JICA aHTUTeHHOTO KOMIUIEKCA U3 IIITaM-
ma Ne 211 o neroxcukanuu cocrasisiia 10,2 + 2,4 EJI,
a nocne nerokcukaimu — 1,2 EJI. B cBsi3u ¢ 3TuM ObLI
YBEJIMUEH CPOK JETOKCUKAIMK KOMIUTekca 1o 19-21 cyT.
[Ipu nerokcuxarmu B Teuenue 19 cyt ungexc JICA co-
crapisl 0,49 EJl u mpakTtudeckn He U3MEHsUICA TNpU
JANbHEHIIIEM YBEIMUCHUN CPOKA ICTOKCUKAIIIH.

C uCmonb30BaHUEM JCTOKCHULIMPOBAHHBIX KOM-
IIJICKCOB AaHTUT€HOB, BBIJICTICHHBIX U3 CPEbl KyIbTHBU-
pOBaHUS CBEXKEBBIJCIICHHOTO U BAKIIMHHBIX IITAMMOB,
ObUIM IPUTOTOBJIEHBI 1Ba BapranTa BKB:

ORIGINAL RESEARCHES

* bKB1 conmepxana B 1 uMmmyHu3upyrouieit n1o3e
JUISL 4esioBeKa 25 MKT Oeika aHTUT€HHOTO KOMII-
JIeKca CBEXKEBBIJICNICHHOTO TaMMa B. pertussis
Ne 211;
* bKB2 conepxana B 1 uMmmyHu3upyrouieit 1o3e
JUIS 4yesioBeka 25 MKT (B cooTHomeHuu 1:1) 6en-
Ka aHTUTCHHBIX KOMITJICKCOB BAaKLIMHHBIX IITAM-
MOB B. pertussis Ne 305 u 475a.
Bce uccrnenoBanHble BapuaHThl BakKIUH 001aa-
JIM BBIPAKEHHOM 3alUTHONW aKTMBHOCTBIO (HE MeHee
8 M3E/mn) u coorBeTcTBOBanmM Tpeboanusm BO3
(tadauna). CrnenyeT OTMETHTh, YTO MPOTCKTHBHAS
aktuBHoCcTh BKB1 (17,1 M3E/mn) B 1,7 pa3za npeBbl-
nrana takoByto y BKB2 (10,2 M3E/mi). TokcH4HOCTB
npenaparoB Oblla MCCIEOBaHA B TECTE€ M3MEHEHUS
Macchl Teja Mblel B 103e 25 MKT (peKkoMeHayeMoil
U yenoBeka). Bee mpenapartsl Obuin Oe3BpeqHBI B
UCTIBITYeMOM J103¢ (mprubaBKa Macchl Tela MbIIICH 110
OTHOILEHUIO K KOHTPOJIO cocTaBisuia Oonee 60%),
YTO CBHJICTEILCTBYET 00 OTCYTCTBHHM TOKCHYHOCTH Y
UCTIBITYEMBIX BaKIMH.
[Homy4yenue mprmamu BKB B no3ax 25, 50 u 100
MKI' HE BBI3BIBAIO TMOETH KMBOTHBIX MOCIE BBEICHUS
JUTHAPOXJIOpUIa TUCTaMHUHA. | MCTaMUHCEHCHOMITU3H-
pyromas no3a (I'C/L,) 6bu1a 6onee 100 mxr. I'CJL, otpac-
JICBOTO CTaHJapTHOro obpasua tokcuunoctu (OCO-5)
KOKJIFOIIHBIX BakiuH cocrasisuia 4,8 MOE/Min. Taxum
00pa3oM, B OJIHOW MMMYHHU3UPYOIIEH 03¢ (25 MKT)

BKB conepxures 0,25 FCIIsO, 470 B 8,4 paza HUXKE, 4eM

FeHoTUNUMYecKasa xapakTepucTuKa WTamMMmoB B. pertussis n 6uonornyeckue CBOMCTBa 6eCKNeTOYHbIX KOKMIOLWHbIX

BaKUUH, U3rotoBJfieHHbIX Ha UX OCHOBe

Genetic characteristics of B. pertussis strains and biological properties of cell-free pertussis vaccines manufactured

on their basis

leHeTuyeckasn
XapaKTepuCTUKa LITaMMOB
Genetic characteristics

Mpenapar BKB of the strains

(wtammbl)
CPV (strains)

Buonornyeckne cBoncTBa BakLUH
Biological properties of the vaccines

6e30MacHOCTb B TECTE U3MEHEHWS
Macchbl Tena mblllen
safety in the test of changes
in the mice body weight

NPOTEKTNBHAsA aKTUBHOCTb
protective activity

novooct | MPYPOCT, % No OTHOLLEHUIO
B EM,. , mn B M3E/mn Mzcgbl r | X KoHTPOMO (pmavonorm-
fim2, 3 | ptxA/ptxP prn h EDSO‘ | i IPU/m ; h’ Yeckuin pacteop 260%)
N EDs. M n m Waeilr? ! weight gain, % relative
gain. g to control (PBS 260%)
BKB1 (cBexxeBblaeneHHbI fim2-1  ptxA1/ptxP3  prn2 0,021 171 3,0+£0,1 93,7
wramm Ne 211) fim3B (0,014-0,032)
CPV1 (211 strain freshly isolated)
BKB2 (BakuMHHbIE LWUTaMMbI fim2-1  ptxA2/ptxP1  prn1 0,035 10,2 2,6+0,1 81,2
Ne 305, 475a) fim3A  ptxA4/ptxP1 (0,021-0,041)
CPV2 (305, 475a vaccine strains)
OTpacneBon cTaHaapTHbIN 0,012
obpasel, uMmyHoreHHocTn (OCO-3) (0,009-0,019)
Industry standard
of immunogenicity
dusmonornyeckuii pactsop 3,2+0,09

PBS

137



KYPHAJ1 MUKPOBNOOTUW, SNMTMAEMNONOTUU U UMMYHOBWUOJTOTUN. 2020; 97(2)

DOI: https://doi.org/10.36233/0372-9311-2020-97-2-134-139

OPUTMHAJIbHBIE MCCNEAOBAHNA

B OCO-5, conep:xaliieM B OIHOM MMMYHHU3HPYIOILEH 10-
3¢ (10 MOE) 2,1 T'CJl,. [Tony4ennble pe3ynbraTsl CBU-
JETENILCTBYIOT O HHM3KHX CEHCHOMIM3HUPYIOLIMX CBOM-
crBax BKB n3 cBekeBbIIEIEHHOIO ¥ BAKIIMHHBIX IIITAM-
MOB, COOTBETCTBYIOLIHMX TpeboBanusM BO3.

O6cyxpeHune

st usrotosnenus KB Obu1 Hcmonp30BaH mraMm
Ne 211, Beigenennsiii B 2003 1. 0T 60JbHOIO KOKJIIOII-
eM peOeHKa, COOTBETCTBYIOMIMH MO TCHOTUIIHYECKUM
XapaKTepUCTUKaM COBPEMEHHON LIMPKYIUPYIOLIEH 10~
MYJISIIUA BO3OYIUTENS KOKJIIONIA U, KaK OOJIBIINHCTBO
LHUPKYJIUPYIOIIMX HITAMMOB, OTJIMYAIOIIMNCS 110 TeHO-
TUITUYECKUM XapaKTEepPUCTUKaM OT IITaMMOB, HCIIOJb-
3yeMbIX B IIPOM3BOJICTBE KOKJIIOIIHBIX BaKUUH. OTHUM
U3 KpUTEpHEB OTOOpa AAHHOIO HITaMMa Kak HCTOY-
HUKa TMPOTEKTHUBHBIX AHTUTECHOB JJIS1 M3TOTOBJICHUS
BKB sBnsiercst ero npuHaaiexHOCTh O T€HOTUILY K
mTaMMaMm B. pertussis, JOMUHUPYIOLIUM B HACTOsIILIEE
BpeMms B Poccun v HeCcymuM NpoMOTOp KOKJIIOIIHOTO
ToKcuHa ptxP3 u cepoBapuanT 1.2.3. OgHako BUpy-
JIEHTHOCTh LITAMMOB OIPEJEISETCS YBEIUUEHUEM He
TOJIBKO MPOAYKIIMH KOKJIIOLUTHOTO TOKCMHA, HO U ajre-
3UBHBIX CBOMCTB IITAaMMOB, O YE€M CBUJETEJIbCTBYET
npeumymiectBo mramma Ne 211, ceposap 1.2.3. Jlns
pelIeHus] MOCTABICHHON 3a7auu ObLIM pa3padoTaHbl
ONTUMAJIbHBIE YCIIOBUS KYJIbTHMBHUPOBAHUS CBEKEBbI-
JICJIEHHOTO IITaMMa M PEXHUM JAETOKCUKALHUHU KOM-
IJIEKCa MPOTEKTUBHBIX AHTUT€HOB, OLIEHEHA NMPOTEK-
THUBHAsl aKTUBHOCTH U Oe3omacHocTh BKB u3 anture-
HOB 3TOro mramMma. lcronb3oBaHue OOOTAIEHHBIX
MUTATENBHBIX CPEJ] O3BOJINIIO MOITYYUTh JOCTATOYHO
BBICOKHMI YpOBEHb BbIxoaa Onomacchl. [Ipu netokcu-
Kallud KOMIUIEKCA aHTUT'€HOB M3 CBEKEBBIIEJIEHHOTO
HITaMMa B YCJIOBUSIX, OTPaOOTaHHBIX JJIS1 BAKLIMHHBIX
mrtammoB, JICA cocraBnsma 1,2 EJ[. YBenuuenue
CpoKa AeTOKCHKanuu A0 19 nHel mo3BONUIO CHU3UTH
JICA no 0,49 EJL.

C ucnonp30BaHUEM JIE€TOKCULIMPOBAHHBIX KOM-
TUIEKCOB MPOTEKTUBHBIX AHTUI'€HOB, BBIJEICHHBIX U3
Cpeabl KyIbTUBUPOBAHMS CBEKEBBIIECICHHOIO U Bak-
OUHHBIX ITAMMOB, OBIJTH IPUTOTOBJICHBI IBa BApPHAHTa
BKB. N3yueHne npoTeKTUBHBIX CBOMCTB MOJYyUYEHHBIX
[IpernaparoB M0Ka3auo, 4YTO BCE UCCIIEJOBAHHbIE BapU-
anThl BKB o0namanu BeIpaKeHHOU 3alllUTHON aKTHB-
HOcThIO (He MeHee 8 M3E/Mi), a Takke OTCyTCTBUEM
TOKCHYECKUX M CEHCUOWIM3MpYIOIUX cBoicTB. Ilpu
atoMm 1o conepkanuro M3E/mn BKB, usrororiennas
M3 KOMITJIEKCAa AaHTUT€HOB CBE)KEBBIIEJICHHOIO IITaM-
Ma, B 1,7 pa3za mpeBocxomwia bKB, nomyuennyo u3
BaKIMHHBIX MITAMMOB, YTO CBHUJETENBCTBYET O BBHICO-
KOM mpoTeKTuBHOM akTuBHOCTU NaHHOM BKB. Omnoii
M3 BO3MOXKHBIX IPUYUH YBEJIWYEHHUS MPOTEKTUBHOM
AKTUBHOCTH SBJISIETCSl IOBBIIIEHHAs! BUPYIEHTHOCTb
mramMMa Ne 211, HecyI1ero HOBbIH aJlIeNIbHBIA BapuaHT
MIPOMOTOpa IeHa ptxP3, CBI3aHHOIO C MOBBIIIEHHOM
MPOAYKIHMEH KOKIIONIHOIO TOKCHMHA M YBEIMYEHUEM

a/IFe3MBHBIX CBOWCTB, CBSI3aHHBIX C MPOAYKLUEH QuM-
Opwmii 2 u 3 [3, 12].

[IpeumymectBamu mramma Ne 211 sgBustoTcs
BBICOKas BHPYJIEHTHOCTb, B 3,7 pa3a IpeBbIIIAONIAs
BHUPYJIEHTHOCTb BaKIMHHBIX IITaMMOB, COOTBETCTBHE
€ro reHoTUNa LHUPKYIMPYIOIIUM B HACTOSILEE BpeMs
B Poccun mrammam B. pertussis, SKCIIPECCUS IOJTHOTO
Ha0Opa arrIrTHHOTEHOB 1, 2 U 3, BRICOKUH BBIXO]] OHO-
Macchl NPU KyJIBTUBUPOBAHUU B KUAKON NMUTATEIbHON
Cpe/ie U MOBBILIEHHbIE IPOTEKTUBHBIE CBOMCTBA MOJTY-
yeHHol n3 Hero bKB. Illtamm Ne 211 nenonuposan B
«HayyHoM 1eHTpe KCIepTU3bl CPesICTB METULIMHCKO-
ro npumenenus» nog Ne 317 or 15.09.2017. [Tomyuen
maredT Ne 2689903 «CBeKeBbLAEIECHHBIN IITAMM OaK-
tepuii Bordetella pertussis — TPOIYIIEHT KOMILJICKCA
MIPOTEKTUBHBIX aHTUTEHOB JAJISI IPOU3BOJCTBA OECKIIe-
TOYHOM KOKJIIOIIHOM BaKLUHBDY. B 1IEJIOM MOIy4Y€eHHbIE
pe3yabTaThl CBUAETENBCTBYIOT O MEPCIEKTUBHOCTH HC-
MO0JIL30BaHUs CBEKeBbIIeAeHHOro mramma Ne 211 mis
npousBoscTea bKB.
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Lenb. N3y4nTb ponb BMPYCOB rpunna B pa3BUTUM THXENbIX OPM OCTPbIX pecnnpatopHbix nHdekuuii (TOPW) y na-
LIMEHTOB, rOCNUTann3nMpoBaHHbIX B cTaumoHapbl EkatepuHbypra B nepuog annaemmyeckoro cesoHa 2017-2018 rr.

MaTepuanbl u meToAbl. [NpoBeAeH peTPOCNEeKTUBHbIN ANMAEMMNONOrM4eckuii aHanus 3abonesaemMocTy rpumnnom
B I. EkaTtepuHbypre, ndyyeHsl 403 nHaMBMayarnbHble KapTbl 60MbHBIX, FOCMMTanM3npoBaHHbIX ¢ rpunnom u TOPU
B CTauMOHapbl ropofa, NpoBeaAeHb! ANarHoCTUYECKNE NCCrea0BaHNS PECNMPATOPHbLIX BUPYCHbBIX MHPEKLMn me-
TOAOM NONMUMEPA3HOW LIENHOW peakLum.

Pe3ynkTraTbl. 3a nepuog anvaemuyeckoro nogbema nepeboneno 27,0% HaceneHus r. EkatepuHbypra, rocnu-
TanuauposaHo 1,8%. B uccnegosaHue BknioyeHo 5,6% rocnutanuanpoBaHHbIX NaLumMeHToB. YacTtoTa obHapyxe-
Hust PHK Bupycos rpunna A u B B matepuanax oT rocnutannanpoBaHHbix 6onbHbix ¢ TOPU coctaBuna 28,3%.
YacTtota MNUP-geTekunm Bupycos rpunna B nuHunm Amarata, A(H1N1)pdm09, A(H3N2) coctaBuna 46,5, 20,2 n
10,5% cooTBETCTBEHHO.

3akntoveHue. Pe3ynstaThl NpOBEAEHHbIX MCCNEAOBaHNI CBUAETENBCTBYIOT O TOM, YTO BUPYChI FpMMna ocTatTcs
3HauumbIMK Bo30yauTenamu TOPWU, Tpebyowmx rocnvtanusauun. Cpean nauneHtoB ¢ TOPW, BKITHOYEHHbIX B
nccrnegoBaHune, Hanbonbluasa 3abonesaeMoCcTb 0OTMeYanach cpeauv AeTen MnaaLen Bo3pacTHoW rpynnbl 1 6bina
obycnoBneHa nNpenMyLLecTBeHHO Bupycamu rpunna B nuHum Awmararta un rpunna A(H1N1)pdm09. Mo pe3ynb-
Tatam MONeKynsapHo-reHeTnyeckoro nccnegosanHus supycel rpynna A(H1N1)pdmO09 npuHagnexanu k knaugy
6B.1, Hecnu xapakTepHble aMUHOKUCIOTHbIE 3aMeHbl B remarrniotuHuHe S84N, S162N (c npruobpeTteHmem no-
TeHUManbsHoro canTa rmuko3unnpoBanus) u 1216T n 6binu nogobHbl BakumMHHOMY witammy A/Michigan/45/2015.
WccneposaHHble BMpYChl rpunna B oTHocunuce k nuHun Amarata, knangy 3. Bupyc rpunna B/Ekaterinburg/RII-
4723S/2018 otnunyancs ot pedepeHc-wtamma B/Phuket/3073/2013 gByMA aMUHOKUCNOTHBIMU 3aMeHaMu B re-
He remarrmoTuHmHa M251V n L172Q.

Knroueenle criosa: supychi 2purna; pecrupamopHbIe 8UPYChl; MOMIEKY SIPHO-2eHeMUYecKUll aHanu3,; msxesible
ocmpble pecrupamopHble UHgeKyuu; 3aborneeaemocms.

UcmoyHuk ¢puHaHcupoeaHusi. ViccnegoBaHue BeINOSIHEHO B paMKax MexayHapoaHon nporpaMmbl «Imo-
GanbHbIV rocnuTanbHbI Hag3op 3a rpunnom» (GIHSN) npy nopaepxke ®oHAa nNo anMaeMuonoruy rpynna
(PpaHums).

KoHgbnnukm uHmepecoe. ABTOPbI AEKNAPUPYHOT OTCYTCTBUE SIBHbIX U MOTEHLMANbHbIX KOHITUKTOB MHTEPE-
COB, CBA3aHHbIX C MNybnukaumen HacTosILLEN CTaTby.

Ans yumupoeaHus: Anuvos A.B., CmupHoBa C.C., JleneHkosa E.B., MapkapsiH A.}O., Bsinbix /.B., BepeBLuu-
koB B.K., Komuccapos A.B., ComuHuHa A.A. Pornb BUpYCOB rpumnna B pa3BuUTm TsXKeNbiX hOpM OCTPbIX pecnu-
paTopHbIX MHAEKUMIA Y MaLMEeHTOB, rOCIUTaNn3NpoBaHHbIX B CTauMoHapsl . ExkatepuHbypra B anvaemuyeckuin
ce3oH 2017-2018 rr. XKypHan mukpobuonoauu, anudemuonoauu u ummyHobuonoauu. 2020; 97(2): 140—149.
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Objective. To study the role of influenza viruses in the development of severe acute respiratory infections (SARI)
in patients admitted to Yekaterinburg hospitals during 2017—-2018 epidemic season.

Materials and Methods. A retrospective epidemiological analysis of influenza incidence in Yekaterinburg was
conducted, 403 influenza and acute respiratory viral infections case sheets were studied, and PCR analysis of
clinical samples from the patients for respiratory viral infections was performed.

Results. During the epidemic period a total 27.0% of the Yekaterinburg population were reported with influenza
and other SARI, with 1.8% patients hospitalized. 5.6% of the total number of patients admitted with influenza and
SARI in Yekaterinburg hospitals were included in the study. The rate of the detection of influenza A and B viruses
RNAin the clinical samples from the patients with SARI was 28.3%. The rates of the detection in PCR of influenza
B/Yamagata, A(H1N1)pdm09 and A(H3N2) were 46.5, 20.2 and 10.5%, respectively.

Conclusion. The study results indicated that influenza viruses remain significant pathogens of respiratory
infections that required hospitalization. Among patients with SARI the highest incidence was observed in children
of a younger age group and was mainly associated with influenza B virus of Yamagata lineage and influenza
A virus (H1N1)pdm09. According to the results of a molecular genetic study, influenza A (H1N1) pdmQ9 viruses
belonged to clade 6B.1, carried characteristic amino acid substitutions in hemagglutinin S84N, S162N (with the
acquisition of a potential glycosylation site) and 1216T and were similar to the A/Michigan/45/2015 vaccine strain.
The influenza B viruses studied belonged to the Yamagata lineage, clade 3. The influenza B/Ekaterinburg /RII-
4723S/2018 virus differed from the reference strain B/Phuket/3073/2013 by two amino acid substitutions in the
hemagglutinin gene M251V and L172Q.

Keywords: influenza viruses; respiratory viruses; molecular genetic testing; severe acute respiratory infections;
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BeBepeHune

Ha cerogHsmHu{ JeHb TpUIN SBISETCS WHQEK-
LUe, KOTopasi UIMEET XapakTep I00albHOTO pacmpo-
cTpaHeHusi. EsxerogHo B MHpe TPUMIN YHOCHUT KU3HH
nopsiaka 550 TeIC. 4yenoBek, B ToM uucie okono 100
TBIC. CMEPTEJIbHBIX HCXOJIOB PErHCTPUPYETCS Cpeau
JIeTeii, 0coO0eHHO B Bo3pacte 110 5 jet. M3BecTHo, 4TO
yacTasi CMEHa aHTUTCHHBIX BAPHMAHTOB BUPYyCa IPUIINA,
MOSIBJICHUE PEaCCOPTAHTOB YBEIMUMBAIOT PHCK BO3HHUK-
HOBEHUSI MaHAEMUYECKOr0 BUPYyCa IPUIINA, YTO BICUET
3a cO0OH CTpEMUTENbHBIA POCT 3a00JEBAEMOCTH Cpe-
I PA3IUYHBIX BO3PACTHBIX IPYIII HACENEHHS C OOJIb-
IIOW BEPOSITHOCTHIO HeOnaronpustHoro ucxoxaa [1-5].
Takum o0pazoM, aHanu3 NpUYMH U (HAKTOPOB pUCKA
Pa3BUTHS TSDKENBIX (OPM TpUINa B LEISAX CHIKCHHUS
3a00JIeBAEMOCTH M PA3BUTHSI THKEIBIX (POPM OCTPBIX
pecnuparopubix nHpeknuii (TOPU), ocobenno y ne-
TEH, SABJISETCA ONHOW M3 BaXXKHEHIIMX 3aJad 3/paBOOX-
paunenus [6, 7].
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B Poccuiickoii denepanuy OJHUM M3 HaIpPaB-
JICHUH ONTHMHU3ALUU CHUCTEMBI 3MHUIEMHOIOIMYECKO-
ro Hagzopa 3a rpunmnoM u OPBU crano BHeapeHue B
2009 r. cucTemMbl CUTHAJIBHOTO HajJ30pa B pamkax [o-
OanpHOI cucTeMbl Haj30pa 3a rpurinoM (GISRS). 3ana-
YaMM 3TOM CHCTEMBbI CTaJH BBISBICHUE M PErHCTpaIs
ciayuyaeB TOPU, ananu3 ux 3THOJIOTUHU, KIMHUKO-ITIH-
JIEMUOJIOTHUECKUX 0COOCHHOCTEW W (DaKTOPOB pHUCKa
passutus [7-11].

B Hacrosee Bpemsa B Poccum B cucteme cur-
HaJILHOTO Haa3opa padortatoT 10 pernoHOB CTpPaHBI.
MHoroneTHue 1aHHble OKa3aJd, YTO PE3yIbTaThl CHUT-
HaJBHOI'O HAJ30Pa 3HAYUTENIBHO JONOIHSIOT TpaJnuLU-
OHHYIO CHCTEMY HaJ[30pa U UMEIOT CYIIIECTBEHHYIO B3a-
MMOCBSI3b C JIaHHBIMHU, MOJIYYEHHBIMH B JIPyTHX CTpa-
Hax mupa [8, 10]. B macmrabax Ypanbckoro peruosa
MoAO0OHBIC UCCIIE0BAHHS HE TPOBOAMIHCE.

Heanb paboTel — HM3y4UTHh POJb BUPYCOB B pas-
Butun TOPH y nanueHToB, rocnuTaiu3upoOBaHHbBIX B
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OPUTMHAJIbHBIE MCCNEAOBAHNA

craunoHapsl . ExarepunOypra B mepuos smnujaeMuye-
ckoro cezona 2017-2018 rr.

MaTepman bl N MeToAbl

Habnronenust mpoBeaeHbl COIIACHO MEKAyHa-
POAHBIM IIpaBHJIaM U peKOMeHaanusM EBponeickoro
otopo BO3 ¢ o0uienpuHATOi METOJAMKOMN 10 Ompe/e-
JeHuIo crtangaptHeix ciaydaes TOPU [12], a Takxke
C 3alO0JHEHHEM YHU(UIUPOBAHHBIX WHAMBH]Yallb-
HBIX KapT OOJBHBIX COMIACHO MpoToKosy [nobanb-
HOM cHCTEMBbI FOCIIUTAIBHOTO HaJ130pa 3a TPUIIIOM U
CTaHJapTHBIM OINEepalluOHHBIM Ipoueaypam. Kaprsl
3aloJHsUIM  OTBETCTBEHHBIE BpayU-HCCIIEOBAaTEIN
OonbHHUL, 3aTeM ux nepenasanu B ®BYH «EHUMU-
BUW» PocniorpeOHaa3opa BMecTe ¢ KITMHUYECKUMH 00-
pasuamu oT OONBHBIX. AHaNM3UpyeMas 0a3a JaHHBIX
coJiepalia CIeAyIoUyl0 HH(POPMAIIHIO: TI0JI, BO3PACT,
Jarbl 3a00eBaHus, cOoOpa KIMHHYECKOTO Marepuala
Ui ucclienoBaHui, pesynbrarsl [IIP-guarHoctuky,
KJIMHUYEeCKas CUMIITOMATHKa, AMArHO3bI MPHU MOCTY-
IJIEHUH U BBIMHMCKE, COMYTCTBYIOUINE COMATHYECKHE
3a00neBaHysl, YUCIO TOCIUTANM3AINN, BaKIUHAIb-
HBIW CTaTyc, UCXoA 3ab0seBaHusl.

Kputepuu BKiItOu€HHUs B HCCIEI0BAHUE!

* TOCHUTAIN3ALNA NAIMEeHTa IPEATOIOKUTENBHO

CBsI3aHa C TPUIIIO3HON HH]EKLnel;

* MAIMEHT sBJIsIeTCs KuTeaeM I. EkarepunOypra;

* MalMEeHT Aall JMYHOE MHChbMEHHOE HHPOPMHUPO-
BaHHOE COIVIaCHE€ Ha y4yacTHe B HCCIIEI0BaHUH;

* KJIMHUYECKHE 00pa3lbl B3SATHl B TeueHHE 24—
48 9 OT AaThl TOCIUTAIU3AINH;

* 3a00yieBaHME BO3HMKIIO B TEUCHHE MPEILIECT-
BYIOLLIUX 7 JTHEW C TAKUMU MPOSIBICHUSMHU, KaK
muxopajyika Oonee 38°C, Kailenb, OJbIIIKA WK
3aTPY/IHEHHOE JbIXaHUE.

KonupoBky 1narHo3oB OCymecTBISIIA B COOTBET-

ctBun ¢ MKb-10:

* JO6 — ocTpble HHPEKIMU BEPXHUX JbIXaTEIIb-
HbIX IyT€d MHOKECTBEHHOW M HEYTOYHEHHOU
JIOKaJIM3aluy;

J20.9 — ocTpblii OpOHXUT HEYTOUHEHHBIH;

* J18 — nmHEeBMOHUS HEyTOUHEHHas;

* JOO — ocTpslii Ha30(papUHTUT, HACMOPK;

J45.8 — cMmemnranHast actMa;

J44.8 — npyrasi yTOUHEHHAsE XpOHHYECKasi 00-
CTpyKTUBHas Jerounas 6omne3nb (XOBJI);

J44.1 — XOBJI ¢ oboctpennem (HEYTOUHEH-
Has).

Kputepuu nckioueHus U3 UCCIEeJOBaHUsA: MallU-
EHTBl U3 YUPEeXKIECHUI 3aKpbITOro THIA, HAJU4YUE JIaH-
HBIX O TOCIHUTAIM3alMK B CTAllMOHAP B TEUEHHE Ipe-
neiynmx 30 aHel 10 3a0oseBaHusl.

B coorBeTcTBUHM ¢ KpuTepusMH OTOOpa M CTaH-
JIapTHeIM ompenenenuem ciydas TOPU B uccnenosa-
Hue Obuto BrirodeHo 403 mamuenta ¢ TOPU, cpenu
Hux 245 (60,8%) nereii u 158 (39,2%) B3pocibix. Cpe-
I TIALMEHTOB Mpeodnagany AeTH Mialiield Bo3pact-

Tabnuua 1. Bo3pacTtHas CTpyKTypa NauueHToB,
BKIIOYEHHbIX B uccnepoBaHue (EkatepuHoypr,
anupgeMmunyecknun ce3oH 2017-2018 rr., %)

Table 1. The age structure of patients included in the
study (Yekaterinburg, epidemic season 2017-2018, %)

[lons Bo3pacTHbIX
BospacrT, rogpl Yucno nauneHTos rpynn, %
Age, years Number of patients Share of age
groups, %

0-2 123 30,5
3-6 72 17,9
7-14 32 7,9
15-17 18 4,5
Oetn, Bcero 245 60,8
Children, total
18-64 109 27,0
65 u cTapwe 49 12,2
65 and older
B3pocneble, Bcero 158 39,2
Adults, total
Bcero 403 100,0
Total

Hoii rpynmsl 0-2 net (30,5%), 17,9% cocraBuiu aetu
B Bo3pacte 3—6 net. Jlonsg geTeil mKoIbHOrO BO3pacTa
(7-14 ner) 6bu1a 7,9%, noapocrkoB — 4,5%. Cpenu
B3POCIBIX MAlMEHTOB 3HAUUTEIbHYIO 4YacThb (27,0%)
COCTaBWIM JIMIIa TPYIOCHOCOOHOTO Bo3pacTta 18—64
net. Jlons nui crapuimx Bo3pactoB (65 yer u crapiie)
cocraBmwia 12,2% (tada. 1).

B renepHoli CTpYKType NaUEHTOB J0JIsI MY>KUHH
cocraBmwia 52,6% (212 uenosex), ke — 47,4%
(191 ugenogek). ['ocnuranuzanus TAIMEHTOB OCYIIECT-
BJsIIaCh B MH(EKLMOHHBIE CTAllMOHAPHI TOPOAA, B TOM
gucne 1,7% (7 4enoBek) — B OTACICHUS PEaHUMAIINU
U MHTEHCHUBHOM Tepanuu. JleTanbHbIX UCXOAO0B CpEAU
OOJIbHBIX, BKJIIOYCHHBIX B MCCIICIOBAHUE, HE 3aperu-
CTPHUPOBAHO.

Jns  mpoBeneHus nabopaTopHOH AMArHOCTHU-
KM y TAlMEHTOB Opaju Ma3Kd CO CIM3HCTOH IIIOTKU
u Hoca. 3a00p KIMHHYECKUX OOpa3LoB MPOU3BOAHU-
au B TpaHcmopTHylo cpeay «Copan» («Copan Italia
SpA»), UX TPAaHCIOPTUPOBKY OCYIIECTBISUIN COMIACHO
CIT 1.2.036-95".

1H1[P-ouaenocmuka. Beinenenne PHK npoBou-
a1 u3 100 MK KIMHUYECKOro MaTepuajia ¢ MCIOJb-
3oBaHueM Habopa pearentoB «PHUBO-mpem», cunte3
kJIHK npoBoawiu ¢ ucnonk3oBaHueM Habopa pearcH-
ToB «PeBepra-Ly» B COOTBETCTBMM C MHCTPYKLHUSIMHU
npousBoauTend. KnuHuueckuid Mmarepuas Hccleno-

! Canurapusle npasuia 1.2.036-95 «ITopsiok y4eTa, XpaHeHHs,

nepeadd U TPaHCIOPTHPOBAHMS MUKpOOpraHm3mMoB [-1V rpymn
narorenHocT» (yTB. [locTanosnenuem ['ockomcansnuanazopa
P® ot 28.08.1995 Ne 14).
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BajJil C IICJIbIO BBISIBIICHUS U TUIIUPOBAHMS BO30YIH-
teneit rpunmna u OPBU meronom OT-IILIP B pexume
peanbHOrO Bpemenu Ha npuodope «Rotor-Gene 6000y
(«Corbett Research») ¢ wucnonb3oBaHHeM Ha0OPOB
pearentoB: «AmmuCenc Influenza virus A/B-FLy,
«AmvmmuCenc Influenza virus A-tun-FLy», «Awmmin-
Cenc Influenza virus A/H1-swine-FLy», « AMmmCenc
OPBU-ckpun-FL» (OBYH « [ THUU DnunemMuonorum»
Pocnorpebnanzopa, Poccust). O0pasiibl, copepxaiiue
Bupyc rpunna, nepecsutanu B ®I'bY «HHUHM rpunna
uM. A.A. CmoponunueBa» MunsapaBa Poccun ans
MOJICKYJISIPHO-TEHETHYEeCKOro aHanu3a. beiio orobpa-
HO 87 00pa310B BBIACICHHBIX BUPYCOB TPHIIIA, U3 HUX
Bupyc rpurimna B — 53 o6pasua, A(HIN1)pdm09 —
18, A(H3N2) — 16.

Cexgenupoganue. JInsi CEKBEHUPOBAHHS HCIIONb-
30BaJIM AMIUTMKOHBI, TIONyYEHHBIE ITyTEM ITOJIHOTCHOM-
Holi ammunukanuu no metony Koy [13, 14]. bubnuo-
TEKy JAJsl CeKBEHHPOBAHMs HOBOTO MOKOJEHUSI TOTO-
BWIM C momoulpio Habopa peareHToB «Nextera XT»
(«Illuminay). HykiieoTuaHbIC 1TOCIICA0BATEILHOCTH I'e-
HOMOB BUpYCOB rpunmna A u B onpenensiiu Ha npudope
«Illumina MiSeq» («Illuminay).

Qunozenemuveckull ananu3 MPOBOJUIN C MTOMO-
upio mporpamMmbl RAXML [15] ¢ ucmonb3oBanueM
TreeSub. Jlns moctpoenus (uiaoreHeTH4ecKux je-
PEBBEB UCIIONIB30BAIH METO MaKCUMAaJILHOTO TIPaBJIO-
noA00OusI.

CrarucTudeckyto 00padOTKy AaHHBIX TPOBOAMIIH
C TIOMOII[LIO IPOTPAMMHOT0 MakeTa «Statistica 6». s
CpaBHEHHS JIByX OTHOCHTEJILHBIX IMOKa3aTeseH, Xapak-
TEPU3YIOLIUX YaCTOTy OIPEICIICHHOTO MPHU3HaKa, pac-
cuuThIBanu Kputepuiit duiepa (¢); 3aauenue p < 0,01
CUUTANM CTATUCTHYECKH 3HaYUMBbIM. [ KauecTBeH-
HBIX [1APAMETPOB JBYX HE3aBUCUMBIX I'PYIIIT PACCUUTHI-
BaK KpuTepHii x%; 3Hadenue p < 0,05 cunranu craru-
CTHYECKH 3HAUUMBIM.

ORIGINAL RESEARCHES

PesynbraTbl

B ExarepunOypre 3a SnuaeMHYECKUI Ce30H
2017-2018 rr. B smuAEMUYECKUN MPOLIECC TPUIIA U
OPBU 6wu10 BoBiteueHo 27,0% wnacenenus. OOuiee
KOJIMYECTBO TOCIUTAIN3UPOBAHHBIX MALIUEHTOB C AHa-
rao3zoMm «rpunm» i OPBU cocrasuno 1,8% ot uncna
3aperiucTPUPOBAHHBIX CIIydaeB 3a00JIeBaHU, HANOOIIb-
1ree KOJMYECTBO TOCIUTAIU3UPOBAHHBIX OTMEUCHO B
Bo3pacTHbIX Tpynmnax 0-2 ner (3,8%) u crapuie 65 et
(2,1%).

B uccnenosanue ObL10 BKIIIOYEHO 5,6% rocmmra-
JU3UPOBAaHHBIX MALMEHTOB B ropoje. MccienoBanue
npojoinkaiock B Tedenue 18 Hen. (¢ 22.01.2018 r. o
27.05.2018 r).

[lo pesynasraram 5abOpaTOpHON TUATHOCTUKH
ooneHbIX ¢ TOPU ycranoeneno, uro 55,1% ciyuyaes
ObuTH 00YCIIOBIICHBI BUPYyCaMU TPUIIA M PECIUpPATOp-
HBIMU BHPYCaMH HETPHIINO3HON STHOJIOTHH, A0JIS KO-
TOpBIX OblIa MpakTHYecKu ofuHakoBa (28,3 u 26,8%
COOTBETCTBEHHO). Cpeau BUPYCOB IpUIINa B aHAJIU3U-
PYEMOM SIHUIEMHYECKOM CE30HE TOMUHUPOBAIN BUPY-
cel rpunna B nunun SImarara (46,5%) u BbIcOKoIaTo-
renubii Bupyc rpunmna A(HIN1)pdmO09 (20,2%). dons
Bupyca rpunna A(H3N2) cocraBuna 10,5% (Tad.. 2).
Cpeny pecruparopHbIX BUPYCOB Mpeodiagain pecu-
paTopHO-CUHIMTHAIIbHBIE BUPYCHI (26,0%), puHOBUpPY-
¢l (25,0%), metanneBMoBHUpYCHI (21,3%).

Cpenu nereii noiist il ¢ uHpeEKIuei, o0yciioB-
JIeHHOW BUpycamu rpunma (66,5%), Obla 10CTOBEpHO
BBIIIIC [T0 CPABHEHUIO cO B3pocibimu (29,7%) (¢ = 7,39,
p < 0,01). Haubonpiuas nons BUPYCOB Tpumma Oblia
BbIjIeTIEHa B Bo3pacTHBIX rpynnax 0-2 u 3—6 net (30,7
u 27,2% COOTBETCTBEHHO), HAUMEHBIIAS IO — Cpe-
JIA TIOJPOCTKOB U JIUII cTapiie 65 geT — mo 6,1%.

JloMUHMpYOIIMI B aHAIU3UPYEMOM 3IIHJIEMUYE-
CKOM Ce30He BUpyC rpumnmna B nunuun fImarara Bblie-
nscst ot nanuenToB ¢ TOPU Bcex BO3pacTHBIX TPy,

Tabnuua 2. 3Tnonornyeckas ctpykrypa TOPU (EkaTepuHOypr, anuaemuyeckuin cesoH 2017-2018 rr., %)
Table 2. The etiological structure of SARI (Yekaterinburg, epidemic season 2017-2018, %)

Bupyc
Bospacr, net punn Virus Apyrve [)B?/I(;F;/I/(I:{;?TOprle Bmp)_/c He BbleneH
Age, years Influenza & varm AHINT) AHON2) Are - Other respiratory viruses Not identified virus
pdm09

0-2 30,7 22,6 43,5 25,0 63,6 20,0 55,6 14,5
3-6 27,2 28,3 34,8 33,3 9,1 20,0 16,7 11,9
7-14 13,2 15,1 8,7 25,0 9,1 6,7 3,7 6,7
15-17 6,1 57 - - - 26,7 3,7 3,6
18-64 16,7 22,6 8,7 - 18,2 20,0 16,7 37,3
65 1 cTaplue 6,1 57 43 16,7 - 6,7 3,7 19,7
65 and older
Bcero 28,3 46,5 20,2 10,5 9,6 13,2 26,8 47,9
Total

143



KYPHAJ1 MUKPOBNOOTUW, SNMTMAEMNONOTUU U UMMYHOBWUOJTOTUN. 2020; 97(2)

DOI: https://doi.org/10.36233/0372-9311-2020-97-2-140-149

OPUTMHAJIbHBIE MCCNEAOBAHNA

OJIHaKO HanboJee yacto — y AeTeil MIaImx Bo3pacT-
HBIX rpynn (3—6 get — 28,3%, 0-2 roma — 22,6%), a
TaKxe y B3pocibix 18—64 ner — 22,6%. Bupycsl rpur-
na A(HIN1)pdm09 u A(H3N2) takxe BbISIBISUIN Tpe-
UMYyIIeCTBEHHO y aeteir 0—-6 net. Equnuuneie ciydyan
JIETEKIMH 3TUX BUPYCOB OTMEUYEHBI CPEH MOAPOCTKOB
(15-17 ner) u nuu TpyaocmnocodHoro Bo3pacrta (18—64
roga). [nst pecnupaTopHBIX BHUPYCOB HErPUIINO3HOMN
STHOJIOTUH OBUIH XapaKTepHBI T€ )K€ TeHACHIIH.

B nponecce nccnenoBanus BbISIBIEHBI MUKCT-HH-
(dexuun, BbI3BaHHBIE PECIUPATOPHBIMU BUPYCaMH He-
TPUIIIIO3HON ATHONOrMU. Bee 3Tu citydan ObLiu 3ape-
TUCTPUPOBAHBl B BO3PACTHOM Ipymime AeTed 10 5 jer
1 00yCIIOBIICHBI COYECTAaHMSIMA METAlTHEBMOBUpYCa H
pecnupaTopHO-CUHIIUTHANBHBIX BUPYCcOB (3 ciydas),
PUHOBUPYCOB M PECIIUPATOPHO-CUHIIUTHAIBHBIX BUPY-
coB (2 cioyyas).

Hons manmentoB ¢ TOPU, moctynuBmux B OT-
JeNiCHHUs peaHMMali 1 MHTEHCHBHOM Tepanuu, Obuia
HeBenuKa (7 MalMeHToB), OTHAKO 3HAYUTENIbHAS YacTh
9THX cllyyaeB Obl1a 00ycIOBJI€HA TPUIIIO3HON HH(DEK-
nueit (5 nmanueHtoB). Cpeau BBISIBICHHBIX BHUPYCOB
uaeHTuduuuposansl Bupychl rpunmna A(HIN1)pdmO09
(2 cnyyast), rpunna B nuaum SImararta (2 cinyvas) u
rpunma A(H3N2) (1 ciyuait). AHaMHe3 JaHHBIX Maly-
€HTOB OBLIT OTATOLICH HAJTMYUEM COMYTCTBYIOIIUX XPO-
HUYECKHUX 3a0o0sieBaHuit (B cpeqHeM — 10 2 u Ooiee).
V 5TUX HAaUMEHTOB OTMEUEHO HajJuuue 3a00JIeBaHUN
cepaeuHo-cocynuctoit cuctemsl (7 ciydaeB, 100%),
caxapHoro quabera (4 cimyuyas, 57,1%), XOBJI (3 ciy-
vasi, 42,9%), HOBoOOpasoBanuii (2 ciyuyas, 28,6%),
OponxuaibHOM acTMbl (1 cimyyvaid, 14,3%), HapylieHuit
¢ynknum novek (1 cmyyaii, 14,3%), uupposza/zadose-
BaHus neuenu (1 ciydait, 14,3%). Hecmotps Ha Hanu-
YKe COMYTCTBYIOIIMX XPOHUYECKHX 3a00JI€BaHUM, yKa-
3aHHBIC MAIUEHTHl HE ObLIM BaKIMHUPOBAHBI IPOTUB
TPHUIINA B TEKYIIEM SIHIEMUYECKOM CE30HE.

B nanHOM uncciieoBaHUM Cpeu BCEX MALMEHTOB
¢ TOPU comyTCTBYIOIIYI0O COMaTUYECKYIO MMaTOIOTHIO
umenu 145 (36,1%) venosek. B ocHoBHOM OHa Oblia
Npe/ACTaBlIeHa CEPeYHO-COCYJUCThIMU 3a00JICBaHuU-
amu (31,4%), XOBJI (22,2%), OpoHXuanbsHOH acTMOR
(11,8%) u caxapubim auabetom (9,4%), B TOM 4ucie
48 (33,1%) yenoBeKk MMENH HECKOJIBKO XPOHMYECKHX
3a0osieBaHmi ojJHOBpeMeHHO. [1o pe3ynbraram nadopa-
TOPHBIX UCCIIEIOBAaHUH yCTaHOBICHO, UTO Y 53 (36,6%)
3a00J1eBIIMX OBLIM BBISIBIICHBI PECIUPATOPHBIC BUPY-
Cbl, 3HAYUTENIBHYIO YaCTh KOTOPBIX COCTABIISIA BUPYCHI

Puc. 1. dunoreHetuyeckoe aepeBo no
reHy remarrnioTuHMHa BuUpyca rpunna A
nogTtvna (H1N1)pdm09, noctpoeHHoe
METOAOM MaKCUMaIbHOro
npaegononobus

Fig. 1. The phylogenetic tree based on
the hemagglutinin gene of influenza A
virus subtype (H1N1) pdm0Q9 built by the
maximum likelihood method

1404M, E506D

rpunna (32 ciydas; 60,4%). D10 Mo3BOIAET MPEATO-
JIOKUTh HAJIMYUE 3HAYMMOI'O BIIMSHHUS COMAaTHYECKOTrO
cocTosiHuA nanuenta Ha pazsutue TOPU, ognako gan-
HBII BOIPOC HYXKIAECTCS B JAJIBHEUIIEM U3yUYEHUN.
[TanMeHTOB, BKJIFOUEHHBIX B HUCCIIENOBAaHUE, IOC-
MUTATU3UPOBAJIH C PA3IMYHBIMU 3200JIeBaHUSIMH BEPX-
HUX M HIDKHHX JbIXaTelbHBIX NMyTei. Haubonee yacto
(52,9%) 6611 octaBien auaruo3 JO6 (octpole nHpEK-
LMK BEPXHMX JIbIXaTeJIbHBIX MyTel MHO)KECTBEHHOW U
HEYTOUHEHHOM JIOKaJI3alliu ), C MEHBIIEH YacTOTONH —
J18 (15,9%), J20.9 (12,7%), J44 (7,5%), JOO (5,5%),
J45.8 (5,5%). Bupycel rpunmna u pecrnuparopHble BU-
PYChI IOCTOBEPHO Haliie Bbieasuin y 0oibHbix TOPU
C IMarHO3aMHU «OCTpasi MHPEKIHs BEPXHUX JbIXaTellb-
HBIX TyTei» (64,8%) u «octpeiid 6ponxur» (17,6%).

AlEkaterinburg/RII-47735/2018
AlSaint-Petersburg/RII-30165/2018
AT73V, 12677, E283G | [~ AfEkaterinburgiRIl-4770/2018
A/Moscow/101/2018
— AJParis/370/2018
[ A/S,_Petershurg/RI1-228/2018
AJSt._Petershurg/RI1-368/2018
AlSaint-Petersburg/RI1-366/2018
[ AlS._Petersburg/RI1-252/2018
AlSaint-Petersburg/RII-16895/2018
A/Moscow/161/2018
A/Moscow/86/2018
A/Paris/643/2018
Al/Moscow/RII-7795/2018
AlSaint-Petersburg/RII-381/2018
AlSaint-Petersburg/RII-433/2018
—  A/Norway/3333/2017
A/Saint-Petersburg/RII-7/2018
A/Belgium/S0017/2018
A/Egypt/799/2017
AfSaint-Petersburg/RI11-9155/2018
A/Hong_Kong/4985/2017
A/Moscow/164/2018
A/Saint-Petersburg/RII1-6485/2018
AlSaint-Petersburg/RII-5655/2018
AlMoscow/48/2018
AlMoscow/26/2018
-—____{ A/Moscowf121/2018
A/Moscow/139/2018
-___[ AlSaint-Petersburg/RII-245/2018
A/Saint-Petersburg/RII-444/2018
A/Denmark/17/2018

T — A/Moscow/1/2018
| - A/Saint-Petershurg/RII-291/2018

AJS._Petersburg/RI1-266/2018
Tzsai}:

P137S, N451T
el

E235D, N260D, V5204
5183P|

V2504

6B.1

~ A/Saint-Petersburg/RII-365/2018
AfPalestine/7B/2017

[— A/Saint-Petersburg/RII-9/2018

| N38S| A/Moscow/22/2018
A/Moscow/23/2018

AJEngland/69/2017

A/Moscow/101/2017
AlMoscow/RII-7815/2018
A/Moscow/102/2017

AJSaint-Petersburg/RI1-164/2018

S69P|  aJsaint-Petersburg/RII-440/2018

1 AJSaint-Petersburg/RI1-211/2018
AlMoscow/97/2018
AlSaint-Petersburg/RII-278/2018

AJS._Petersburg/RI1-416/2018

—— A/Paris/1447/2017

—— A/Florida/99/2017

AJSaint-Petersburg/RII-450/2018

A/Slovenia/2903/2015

AlMoscow/138/2018

1418V, S534G AlEkaterinburg/RII-46935/2018

AlMichigan/45/2015

——————— Allsrael/Q-504/2015

— A/South_Africa/3626/2013

A/Dakar/04/2014

A/Hong_Kong/5659/2012

L416M
e |

K302T, N496S|

S74R, S164T, 1295V

AJSt._Petershurg/27/2011
A/California/07/2009

0.003
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Cpenu manueHTOB C JMAarHO30M «ITHEBMOHUS» J0JA
JIMLI, Y KOTOPBIX OblJIa YCTaHOBJICHA BUPYCHASI STHOJIO-
rust 3a0oneBanus, cocrasmwia 10% (p < 0,05).

Bupychl rpunmna u pecrnuparopHble BUPYCHI BbI-
SIBISUTM U3 Ouomarepuaia ot 6onbHeix TOPH Ha mpo-
TSHKEHUU BCETO MCCIIEOBAHU, MUK JIETEKIIUU 3aperu-
ctpupoBaH Ha 9-10-i1 Henene 2018 r. JlnuTenpsHOCTD
MepuoAa aKTUBHOM LMPKYJSMKA BUPYCOB TpHIINA B
MOMYJISALMY 3aBHCeNa OT UX TUIA U BapbUpoBaja oT 5
1o 14 uen.

Haubosiee 1yiuTeNbHBINA IEPHO LUPKYIISIUU OT-
MeueH y Bupyca rpunna A. Tak, PHK Bupyca rpunna
A(HIN1)pdmO9 BpisiBisinu Ha mpoTsokenuu 14 Hen.,
nuK npuxoawics Ha 9-10 Henento 2018 r. Makcumab-
Has J10J1s oNlokuTenbHbIX Haxoqok PHK Bupyca rpun-
na A(HIN1)pdmO9 cocraBuna 15% ot o0iero koJiu-
yecTBa oOcnenoBanHbIX B Heaeno. PHK Bupyca rpur-
na A(H3N2) Beinensuin Ha IPOTSHKCHUH JUIIb S5 HEL.,
MUK TpuxoAwica Ha 13-10 HeAemnto rojaa, a MaKCUMasb-
Has J0JIs OJI0KUTENBHBIX HaX0A0K cocTaBmia 9,3% ot
o01ero kojauyecTBa o0cieoBaHHbIX B Heaemto. [lepu-
O]l UMPKYJISIMK BUpyca rpunna B smaum fImarara no
CPaBHEHUIO C MEPUOAOM LUPKYJISALUN BUpyca I'pUINa
A(HIN1)pdm09 Obut MeHee auTelbHbiM — 9 He.,
MUK PETUCTPALIUH TPUXOAUIICS Ha 12-10 HElemo, O/1Ha-
KO MakcMMallbHas dYacToTa JETEeKIMH BHpyca IpUINa
B Obuta B 2 pa3a OoJibliie IO CPAaBHEHHUIO C BUPYCOM
A(HIN1)pdmO09 u cocrauna 31,7% ot o01iero KoJu-
4yecTBa 00CIeJOBAaHHBIX HA HEJlelle MUKa.

Cpean pecnupaTopHBIX BHPYCOB Hambojee ax-
TUBHAsl LUPKYJSALMS OTMEYEHa y PeCNUpaTOpHO-CHH-
LUTHAJIBHOIO BHpYyca (MEepHON LUPKYISLMHU COCTaBHI

T131K, R142K, R261Q —— A/Hong_Kong/4018/2017

N171K, 1406V, GAB4E|

L3I, N144S, F159Y, K160T, N225D, Q311H

D489N

N128T, N145S, V186G, P198S, F219S
T128A, R142G
—]

AfTexas/50/2012

ORIGINAL RESEARCHES

14 Hen., MUK BBIABISAEMOCTH — 8—9-s1 Heaens roja),
puHOBHpYca (epro UUPKYIIUY 11 Hexl., MUK BBIABIA-
emoctu — 20-51 Hesens ToAa) U MeTarHeBMoBUpyca (Tie-
puon uupkymsauuu 10 Hex, MUK BBIABISIEMOCTH — 11-5
Henensa roja). Bupycel maparpurina M ajeHOBHPYCHI,
HECMOTps Ha JUIMTENIbHYI0 LUpKyssinuio (12 Hex., mHMK
BbIsBIIsIeMOCcTH — 10—11-51 Henens roga), He UMENHU 3Ha-
YUMOTO pacipocTpaHeHus y namuento ¢ TOPU. Mak-
CUMaJIbHAs JI0JIsl TIOJIOKUTEIBHBIX HAaXOJO0K COCTaBMIIA
9,4% ot 00111eT0 KOIMYeCTBa 00CIICIOBAHHBIX B HENIEIIO.
KoponaBupyc u 60KkaBUpyc perucTprupoBaii B HEOOIb-
IIOM KOJIMYECTBE B pa3HbIe HENIEIN UCCIIE0BaHMS.
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AlEkaterinburg/RII-4717S/2018
A/Moscow/61/2018
S144R A/Moscow/149/2018

A/Moscow/89/2018
AlFlorida/100/2017
A/Moscow/147/2018
A/Moscow/91/2018
A/Moscow/RII-7825/2018
_| A/England/80340463/2018
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A/Saint-Petersburg/RI1I-148/2018
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A/Maoscow/1/2017
A/Moscow/100/2017
A/Saint-Petersburg/RI1-490/2018
A/Saint-Petersburg/RI11-3085/2017
AlFinland/804/2017
AlHong_Kong/4119/2017
AlGalicia/2467/2017
AlSingapore/INFIMH-16-0019/2016
AlGreece/4/2017
A/Bolzano/7/2016

3c.2a1b

R142G A/St._Petersburg/RI1I-419/2018
AlEKkaterinburg/RII-47745/2018
A/Saint-Petersburg/RII-86S/2017
AlNorway/4849/2016

AlCote_Dlvoire/544/2016
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AfHong_Kong/4801/2014
A/Hong_Kong/146/2013
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0.002

Puc. 2. dunoreHeTuveckoe AepeBo Mo reHy remarrmioTMHuHa Bupyca rpunna A noatuna (H3N2),
NMOCTPOEHHOE METOAOM MaKCMMarbHOro npasgonogobus

Fig. 2. The phylogenetic tree based on the hemagglutinin gene of influenza A virus subtype (H3N2)
built by the maximum likelihood method
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MOﬂeKyﬂﬂpHO-ZEHemU‘-I€CKCIﬂ
Xapakmepucmuka supycos epunna

Bupychl rpumma, uccieoBaHHbIE MOJIEKYJISP-
HO-TCHETUYECKUM METOJIOM, OBUIN BBIJCJIICHBI KaK OT
neteit (68 ob6pasinos; 78,2%), Tak u ot B3pocibix (19
00pa3ios; 21,8%) ¢ KIMHUYSCKUMU JIUATHO3AMHU:

» J06 — 68 uenosek (78,2%);

* J18 — 10 uenosek (11,5%);

* J20.9 — 6 yenosex (6,9%);

* J44 — 3 yenogexa (3,4%).

Bce uccnenoBannsie Bupychl rpunmna A(HINT)

u3 ExarepunOypra He BoisiBieHo. Bupyc knaiina 3C.2a3
u3 ExarepuHOypra, HOMUMO CTaHIAPTHBIX aMHHOKHUC-
notubix 3amMeH N121K u S144K B aHTHUTreHHOM caiite
A, conepxaln AOTOJHUTEIbHBIM Habop 3amen: T135K
(c moTtepeil MOTEHLMATBLHOTO CalTa TIMKO3WIUPOBA-
nus), R150K u R261Q.

HccnenoBanHble BUpychl rpunmna B oTHocu-
nuck K auHUM Slmarata, knadgy 3. Bupyc rpumma
B/Ekaterinburg/RI1-4723S/2018 otnuuancs ot pede-
perc-mramma B/Phuket/3073/2013 aBymsi aMUHOKHC-

o _L— B/Saint-Petersburg/RI1-51/2018
pdm09 npunauiexkanu k kinaiiny 6B.1, Hecin xapak- B/Paris/1531/2017
TEpHbIE aMUHOKHCIIOTHBIE 3aMEHbl B reMarritoTHHHHE THIALR  Bisaint Petersburg/RIl-393/2018
1 B/M 17172018
S84N, S162N (¢ npuoOpeTeHHEeM MOTEHIMAILHOTO B,Sam;?:;’;tmg,m,,7175,2018
caiita mmko3uaupoBanus) U 1216T u ObuIM MOJOOHEI —  B/Saint-Petersburg/RII-85/2018
. . B/Saint-Petersburg/RI1-303/2018
BakMHHOMY wmTamMMy A/Michigan/45/2015. Tlo nan- 1 Bis. PetombugRIF280/2018
HBIM (UIJIOTEHETHYECKOTO aHaik3a, OOJbIIas 4YacThb 512011 BjMoscow/100/2018
MCCIIEIOBAHHBIX BUPYCOB (pOPMHpOBAia eUHbIN Kia- ::g";if_”&ﬁ?ﬁﬁ;m|_3?mma
CTep, XapaKTepH3yeMblii 3aMeHaMH B aHTHICHHBIX BiSaint-Petersburg/RI-5/2018
caiirax Cb (S74R, 1295V) u Sa (S164T). Bmecte ¢ [ Béf;‘t'"';Zf;f;f;fé%‘?l'_';ﬁ;;gﬁB
TEM CpE€au BUPYCOB I'pUIIla A(HlNl)pdl’nO9, IocTy- — Bi’Sain_l-Petersburng|I-BD,’2D],B
NUBIIMX I MCCIIEN0BaHUs, ObLT OOHAPYKEH BHUPYC PHQUEESL = bist PetershugRI-44u2013
. o yivi
A/Ekaterinburg/R11-4693S/2018, coumepxamiuii 3ame- L /Lithuania/37089/2017
Hbl V3211 B niepBoii cyObeAnHNIIE reMarrIlOTHHUHA 1 B/Saint-Petersburg/RII-49/2018
o B/Saint-Petersburg/RII-7475/2018
I77L, 191V u S207G — Bo BTOpOii. PYHKIHOHAIBEHOE stimpm:rzzr:;g||-312013
3HaYEeHHE JJaHHBIX 3aMeH He u3BecTHO. Cienyer oTMe- B/Saint-Petersburg/RII-10/2018
THTh, YTO BHUPYCHI, 0OPa3yIOIHe TaHHYIO MOArPYIILY B,ﬁ@;;if;‘;ﬁg’j;‘fI’:';;Zg’ff 18
Ha (DUIOTEHEeTHYEeCKOM JiepeBe MO I'eHy I'eMarrIioTH- B/Estania/111442/2018
HHHA, TAK)KEe IPYNIUPYIOTCS M 110 PE3yJbraraM aHa- Béf’s"":;f:;f;f:g’f;:'f’g;ﬁf; v 3
JU3a reHa HeWpaMHHU[A3bl (JJaHHBIC HE MPHUBEIICHBI). | BisaintPetersburg/RI-6325/2018
B HelipamuHHIa3€ 3THX BUPYCOB OOHApyKeHa 3aMeHa sant Pelers O/ RIATS2018
o uritiu:
S70N, mpuBondias K MOTepe MOTCHIIMAIBHOTO CalTa | iMoscowr2018
mMko3wipoBanus. Bupycsl rpunmna A/Ekaterinburg/ 1 IBfMDSCOW’fmeEOlS
. - B/Moscow/67/2018
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) SIS3P ~ B/Saint-Petersburg/RII-474/2018
3aMeHOI B TeMarrIlOTHHUHE, Ha JIOJI0 KOTOPO- BiSaint Petersburg/RIl.52/2018
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o B/Moscow/101/2018
A(H3N2) u3 ExarepunOypra npuHajjiexaliy K Kiaiiam B/Saint-Petersburg/RIl-28635/2018
3C.2a2 (A/Ekaterinburg/RI1-4717S/2018, A/Ekaterin- BiSaint-Petersburg/RIl-268/2018
. B/Saint-Petersburg/RI1-8145/2018
burg/R11-4740S/2018) u 3C.2a3 (A/Ekaterinburg/ L 5/s. petersburgRil-a02/2018
RI1-4774S/2018). IlpencraBureneii knaitna 3C.2alB, | BNorwayi4155/2017
6 K K B/Ekaterinburg/RII-47235/2018
MOXOOHBIX PECKOMCHIOBAHHOMY BaKIIMHHOMY IITaMMY | Moscow123/2017
A/Singapore/INFIMH-16-0019/2016, cpeau Bupycos B/ONtario/RV2679/2017
M251V B/S._Petersburg/RII-303/2018
B/Norway/3244/2017
L172 B/Finland/799/2017
Puc. 3. dunoreHetnuyeckoe pepe- N116K, K298E, E312 B/St_Petersburg/118/2017
BO MO reHy remMarrmioTHUHA BUpyca D196N, N2025 i
rounna B, nocTpoeHHoe MEeToOoM S1501, N165Y; G229D B/Wisconsin/01/2010
MakcumarnbHOro npaegonogobus K88R, S229G, E478D '— B/Bangladesh/3333/2007
R48K, P108A

Fig. 3. The phylogenetic tree based on
the hemagglutinin gene of influenza B
virus built by the maximum likelihood
method

B/Florida/4/2006

B/Brisbane/03/2007
B/Massachusetts/02/2012

0.002
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JIOTHBIMHM 3aMEHaMH B I'eHe reMarrioTuauHa M251V
n L172Q (pmue. 3).

HecMmotps Ha uMeroIuecs 0COOCHHOCTH, CYIIECT-
BEHHOM CBSI3M MEKIY TSDKECThIO 3a00JICBaHMSI IMalld-
CHTOB U BBIJICJICHHBIMU BUPYCAMH T'PHIIA HA JTAaHHOM
ATare UCCIIC0BaHUsI HE OOHAPYKEHO.

O6cyxpeHune

N3yuenue ponm BUPYCOB TpHINIa B pa3BUTUU
TOPU B ExarepunOypre B 3NHMIEMHUYECKHN CE30H
2017-2018 rr. moATBEpAMSIO MX BBICOKYIO KIMHHYE-
CKYI0 3HaYMMOCTb.

Tak, 1o pe3ynpraraM HUCCIIEI0OBaHUS YCTaHOBIICHO,
4ro B Oonee uem nojoBuHe ciydaeB TOPU obycosie-
HBI BUPYCaMH, CPEAM KOTOPBIX 3HAYUTENBHYIO J0JIIO CO-
cTaBisitoT Bupycsl rpunna. Cnydan TOPU game peru-
CTPUPOBAJIUCH CPEAM ACTEN MIIaIlIed BO3PACTHOU IPyII-
el ¥ ObUTM OOYCIIOBJIEHBI BUPYCOM Tpuiina B nuHumn
SImarara u Bupycom rpunma A(HIN1)pdm09. Hapsiny
¢ Bupycamu rpunmna y naruentoB ¢ TOPU nocrarouno
4acTO BBIJENIAIOT U JAPYTHE PECHUpPATOPHBIE BUPYCHI,
TaKkhe Kak pecnupaTropHO-CUHIUTHAIBHBIN BUPYC, PU-
HOBHUPYC U METAITHEBMOBHPYC, Ha YTO TAK)KE yKa3bIBa-
IOT aBTOPHI AHAJIOTUYHBIX UccaenoBanuii [4, 10, 12].

Heobxoaumo ormeTuth, 4to 36,1% mamuenTos ¢
TOPU nmenn conmyTCTBYIOIIYIO COMaTHYECKYIO MMaTo-
soruto (cepueuHo-cocynucteie 3adoneanus, XOBJI,
OpoHXHWasbHasl acTMa, caxapHblii auader u np.). Ya-
CTOTa JIETEKIIMM BUPYCOB TpUIINIA Y HUX COCTaBHJIA
60,4% oT 4ucia MOJIOKUTEIbHBIX PE3YyIbTAaTOB HC-
cinenoBanusi. OgHako HamOojee 3HAYMMOE BIUSTHHE
BHPYCOB I'PHUIINA Ha TSYKECTh KIIMHUYECKOTO Ipolecca
pecnupaTopHOil MHPEKIUH OTMEYCHO Cpeau Malu-
€HTOB OT/EJIeHUs peaHuMalnuu. Tak, 3HaYUTeNbHas
4acTh cllydyaeB rocnutaiu3anuu nanueHTos ¢ TOPU
B OTJIEJICHHE peaHMMaluu Obula 00ycloBlieHa Hallu-
YHEeM y HUX TPUMIO3HOH HH(PEKUHWH B COYCTAHHHU C
CONYTCTBYIOIIEH COMaTHYECKOM maroioruei (cepaed-
HO-cocyaucthie 3a0osneBanusi, XOBJI, OpoHxuanbpHas
acTMa, HOBOOOpa3oBaHHMs, 3a00JIeBaHUS MOYEK U Iie-
yeHu). OTCyTCTBHE Yy MAIMEHTOB C TSAXKEIOW COMaTH-
YECKOM IaTOJOTMEed BaKIMHALUUW IIPOTUB TPUIIIA B
MECSIIbl, MPEAIIECTBYIOLIUE SMUIEMUYECKOMY IOIb-
eMy 3a00JIeBaeMOCTH TPHIIIIOM, HEOOXOIMMO paccMa-
TPUBATh KakK JOMOJHUTEIbHBINA (PaKTOp, BIUSIONIHNN HA
BeposITHOCTH pazButus TOPU.

IIpy aHaynn3e neTEKUUU BUPYCOB IPUIIIO3ZHOM U
HETPUIIIO3HOM ITHOJIOTMH OTMEYEHO, YTO JOCTOBEPHO
yarie BUpychl ompenaensui y 6onsabix TOPU ¢ Takumu
JMarHO3aMH, Kak OCTpast ”H()EKIHsl BEPXHUX JbIXaTeb-
HBIX MyTeH U ocTpblil OpoHxuT (64,8 1 17,6% coorser-
CTBEHHO), YeM Y MAIMEHTOB C JUarHO30M «ITHEBMOHUS,
y KOTOPBIX BUPYCHI BbIENIH Uik B 10% ciydaes, 4To
MO3BOJISIET MPEATOIOKUTE 00Jiee 3HAYMMYIO pOJb Oak-
TEpUANIbHBIX areHTOB B THOJIOTMH THEBMOHUI.

ITo mamHbiM HanuoHaIBHOIO LEHTpPa IO TI'PUII-
ny BO3 npu ®I'bY «HUU rpunna um. A.A. Cmopo-
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nuHIeBa» Mun3apaBa Poccumn, aHTUIE€HHBIA M TeHE-
TH4eckuil ananu3 Bupycos rpummna A(HIN1)pdmO09 u
A(H3N2), nupkynupoBaBuux B cezod 2017-2018 rr,
MOKa3all, YTO BCE MCCIIENOBAaHHBIC BUPYCHI rpumma A
[0 CTPYKTYypE MOBEPXHOCTHBIX T€HOB COOTBETCTBOBA-
U IITaMMaM, PEKOMEHIIOBAaHHBIM JJi BKIIOYCHUS B
cocTaB BakllMH B ce30H 2017-2018 rr. Bmecte ¢ Tem Bo
BHYTPEHHUX T'€HaX [UPKYJIUPYIOIIMX BUPYCOB ObLI 00-
Hapy>XeH psiJ 3aMEH, YTO COOTBETCTBYET JAHHBIM, IO-
nyuyeHHbIM B EkatepunOypre [7]. Cutyaius 1o rpuriry
B Obla mpoTHUBOMONOKHOM, MOCKOJIBKY B Poccuu j1o-
MUHHPOBAJIM BUpYCHI rpunma B pazHoBugHocTH SMa-
rara, B TO BpeMs KaK B BaKIMHY ObUI BKJIFOYCH IITAMM
B/Brisbane/60/2008 BUKTOpHaHCKOW Pa3HOBUIHOCTH.
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HapoB ropozaa ExarepuHOypra, NpUHSBILIUM Y4acTUE B
BbIITOJIHCHHUH Hay‘{HO-I/ICCHCZ[OBaTCJH)CKOI\/II pa6OTI7L
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Knewesown 3Huedannt B laibHEBOCTOYHOM O4aroBOM pervioHe
eBpPa3nNiNCKoro KOHTHeHTa

JleoHoBa I H.®

OIBHY «HayuHo-uccneaoBaTenbCKUn MHCTUTYT SNUAEMUONOTN U MUKPOoOronorim nmenn M. ComoBay,
690087, BnagnBocTokK, Poccua

MpoBeneH aHanM3 akTMBHOCTM NMPUPOAHbLIX O4aroB krewleBoro aHuedanuta (KQ) B JanbHeBocTouHOM dhene-
panbHom okpyre (Mpumopckom 1 XabapoBckoM kpasix, EBpeiickoi aBTOHOMHOM 1 AMypckoln obnacTsx), npea-
CTaBMEHHOro eanHbIM CUXOT3-ANUHBCKUM O4aroBbiM permoHoM. K Hemy npuMbIKaoT S3HAEMUYHbIE TEPPUTOPUN
Kutasa, Kopen, AnoHnn. B nocnegHee gecatunetve, no cpaBHeHUo ¢ 1990-Mu IT., NPOM3OLLO CHUXXEHME MO-
KasaTernen MHPULMPOBAHHOCTN MKCOOOBLIX Krelen n 3abonesaemoct KO. Hacto nokasatenu 3apaxeHHOCTU
MKCOAOBbLIX Knewen no AaHHbIM UMMYHOMEPMEHTHOrO aHanvaa, NonmmMmepasHon LIenHOW peakumm 1 n3onaumm
Bupyca K3 (BK3) He coBnaganu. AktuHas uupkynsaumsa BKO ¢ yyactnem JOMUHMPYIOLWMX M AONOMHUTENbBHBLIX
BMOB MKCOOOBLIX KMELen N MbILLEBUAHBLIX MPbI3yHOB cTana nssectHa ¢ 1952 r. B Kutae, ¢ 1990-x rr. — B AnoHum
n c 2011 r. — B OxHou Kopee. Ha Bcex Tepputopmax onpegeneHa umpkynauus wrammos BKO ganbHeBoCTOY-
Horo cy6Tuna. VckniodeHne coctaBunu 7 M3onsaToB, BblaeneHHble B KOxHon Kopee, KOTopble No Monekynsp-
HO-TEHETUYECKOW XapaKTEPUCTUKE OKasanuch LTaMMamMmu eBponenckoro cyotmuna. B 2017 r. ctano nssectHo o6
n3onauumn AByx HoBbIX WTaMMoB BK3 13 opraHoB aukux rpeidyHoB Marmota himalayana Ha Tepputopusix paHee
HEeM3BECTHbIX NPUPOAHbLIX o4aroB Ha TaHb-LaHe (KuTai). MonekynsipHo-reHeTu4Yeckne OTnmMyms 3TUX U30NSTOB
oT wrammoB BK3 Tpex cyb6TnnoB no3Bonmmnm KOHCTAaTUPOBATh MOsIBIEHME HOBOIO rMMarnanckoro cyotuna BKO
(Him-TBEV), koTOpbIN, MO MHEHMIO aBTOPOB, OblN «CKPbIT» B Te4eHNe coTeH net. MoxHo Takke caenatb npeano-
NoXeHre o npoLeccax BuaoobpasoBaHus HoBbIx cybTunos BKO. Hanbonee nonHoe npeacraeneHne o AanbHe-
BOCTOYHON nonynsiumn BKO nonyyeHo B nocneaHee gecsitunetme XX B., YTO SIBUNTOCb OCHOBOW U TOMYKOM 1S
N3y4YEeHUS 1 CPaBHUTENBHONO aHann3a MHOroYMCNEeHHbIX WTtammoB BKD, BbiAeneHHbIX Ha TeppuTopun espasmn-
CKOFO KOHTUHEHTA.

Knrodeenie croga: kreuwesol sHUeganum, sabornegaeMocms, QuazHOCMUKa 8upyca, pacrnpocmpaHeHHOCMb;
80CMOK €8pa3ulickoeo KOHMUHeHma.
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Tick-borne Encephalitis in the Far East Focal Region
of the Eurasian Continent

Galina N. Leonova™

Somov Institute of Epidemiology and Microbiology, 690087, Vladivostok, Russia

The analysis of the activity of natural foci of tick-borne encephalitis (TBE) in the Far Eastern Federal District
(Primorsky and Khabarovsk Territories, the Jewish Autonomous and Amur Regions), represented by a single
Sikhote-Alin focal region was performed. Endemic territories of China, Korea, Japan are adjacent to this focal
region. In the last decade the decrease of the infection rate in ixodid ticks and the morbidity of TBE compared
to the 1990s was observed. Data on the infection rates in ixodid ticks based on ELISA, PCR and TBEYV isolation

150



KYPHAJ1 MUKPOBNOJIOTUW, SNTUMAEMNONOTUU N UMMYHOBWUOJTOTUN. 2020; 97(2)
DOI: https://doi.org/10.36233/0372-9311-2020-97-2-150-158

OB30PbI

are often discrepant. Active circulation of TBEV that involved dominant and less significant species of ixodid ticks
and mouse-like rodents has been demonstrated since 1952 in China, since the 1990s in Japan and since 2011 in
South Korea. The circulation of TBEV strains of the Far Eastern subtype was determined in all these territories.
The exception was 7 strains isolated in South Korea, which appeared to be the European subtype based on
the results of molecular genetic analysis. Two new strains of TBEV from the organs of wild rodents Marmota
himalayana were isolated in 2017 in the territories of previously unknown natural foci in the Tien Shan, China.
The genetic divergence of these strains from three TBEV subtypes allowed us to establish the existance of a new
Himalayan TBEV subtype (Him-TBEV), which, according to the authors, has been "hidden" for hundreds of years.
One can also speculate the processes of emergence of new TBEV subtypes The most complete picture of the Far
Eastern population of TBEV was obtained in the last decade of the twentieth century, which served as the basis
and impetus for the study and comparative analysis of the differences in numerous strains of TBEV isolated on

the territory of the Eurasian continent.

Keywords: tick-borne encephalitis; morbidity; virus diagnosis; prevalence; east of the Eurasian continent.
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BeBepeHune

JanbHuii BoCTOK ABIISIETCS TEPPUTOPHUEH, I
BriepBbie B 1937 . OBLI OTKPBIT KJICIICBOU 3HIIC(a-
nut (K9Q) [1]. Benen 3a stum BoiaeneHue Bupyca KO
(BKD) u onucanue KIMHUYECKUX MPOSBICHUH 00j1e3-
HU 4esoBeka ObIcTpo cHOPMHUPOBAIIO MPEJCTaBICHUE
0 BXHOCTH 3TOH mpoOiieMbl. B Hacrosimiee Bpems
KJICIIEBO BUPYCHBIN SHICPAIUT CYUTACTCS LIMPOKO
pacnpocTpaHeHHON HH(EKIMEH Ha eBPa3UiiCKOM KOH-
TUHEHTE U SBISETCA AJI 3[paBOOXpaHEHUs OJHOM M3
aKTyaJbHBIX IIpobiem [2, 3].

OcCHOBHas yacTb

B JlambHeBOCTOUHOM (peniepalibHOM OKpyre Pd
ogyarn KO Haxonmsarcs Ha teppurtopusix [Ipumopcko-
ro u XabapoBcKoro kpaes, EBpeiickoll aBTOHOMHOW U
Amypckoii obnacteid, mpeactaBisis eauHblii CHXOT?-
AJNVHBCKUM 04aroBblif PErMOH COIVIACHO pallOHMpPOBa-
Huto apeasia KO [4]. YuurhiBas OMOXOPOJIOTUYECKYIO
CTPYKTYypy apeana TaexHoro kiema, J.U. Kopen-
Oepr mompaznenui 3ToT peruod Ha CeBepo-Cuxora-
ANMHBCKHN, OrpaHUYEHHBIN pekamu AMyp U bukum,
u FOxuo-Cuxor>-Anunsckuii [5, 6]. Ha 3anazne k He-
My IIPUMBIKA€T O4aroBblii peruoH Masoro XuHrana
n BocTouHo-MaHBWKYpCKUX Trop, 0003HAYCHHBIH B
Kurae kak ceBepo-BOCTOUHBIE IHIEMHUUYHBIE pailOHbI
(BuyTpennsis Mounronusi, XaWnyHu3sH u L[3ununb)
[7]. Bcro 3Ty TeppuTOopuIo 3aHUMAIOT TOPHBIE IINPO-
KOJINCTBEHHBIE, KEPOBO-IINPOKOIUCTBEHHBIE U TOp-
HO-TaeKHbIE TEMHOXBOWHbIE Jieca CHUXOT3-AIUHB-
CKOTO 04YaroBOTO peruoHa M ceepo-BocToka Kuras.
B nocnennee gecsatuieTne Ha APYroll TeppUTOPHUH,
NPUMBIKAIOLIEH K FKHBIM rpaHunaMm IIpumopckoro
kpas (Kopelickuii momyocTpoB) U BOCTOUYHBIM I'paHU-
uam Kurasi, Takke BO3HHKIA HEOOXOIUMOCTb H3yye-

151

Received 5 November 2019
Accepted 12 January 2020

Hus KD. 31eck k HacTosieMy BpeMeHH cliy4aeB 3a00-
JICBAHUS HE 3apErUCTPUPOBAHO, HO U3BECTHBI JIAHHBIC
10 U3O0JISIIIUK OT MEJIKUX MJICKOIUTAFIINX 7 IITaMMOB
BKD [8]. Kpome Toro, k Kypunsckoit rpsae u o. Ca-
XalluH TNpHUMBbIKaeT 3HAeMuuHas 1o KO Ttepputopus
0. Xokkaiino, Amonus [9].

Jlyis moHUMaHUs TPOIIECCOB U3MEHYMBOCTH BO3-
OyauTesnei MpUPOIHO-04aroBbIX 00JIe3HEH PUPOIHBII
ouar CleAyeT paccMaTpuBaTh KaK CHUCTEMY HJIM Kak
OHOTreo1eH03, B KOTOPOM JUTHTEIILHOE BpeMsi 0e3 3aHoca
W3BHE BO30YIUTENh HHPEKIIMA MOXKET LIUPKYJIUPOBATH
camocrostensHo [10]. I BKD cucremy Ouoreorre-
HO3a COCTAaBJISIOT TNIABHBIM 00pa30M MEPESHOCUYUKHU BU-
pyca — HMKCOJIOBBIC KJICIIIH — M MX TPOKOPMUTEIH —
miekonurawmue. Ha tepputopun Bcex yanmadToB
J1aIbHEBOCTOYHOTO PErMoHa JIOMUHHUPYIOIUME BUJIa-
MU MBIIICBUIHBIX TPHI3YHOB, OCHOBHBIX MPOKOPMHUTE-
JIeH JTUYMHOYHON M HUMQAJILHOW CTaJui MKCOIOBBIX
KIICLICH, SBISAIOTCS: BOCTOUHOA3UATCKAs MBI (Apo-
demus peninsulae, Thomas, 1906), kpacHO-cepas 10-
neBka (Myodes rufocanus), xpacHas noneBka (Myodes
rutilus), a Takxe nosneBas Mblillb (Apodemus agrarius,
Palls, 1971).

Ha Teppuropun CuXOT3-AJIMHBCKOTO 04YaroBO-
rO peruoHa BBIABICHO 22 BHIA KICIIECH ceMeicTBa
Ixodidae. K 4ncny OCHOBHBIX NMEPEHOCUHMKOB BHpYyCa
OTHOCSITCSL CJICYIOIUE BHJbI HMKCOMOBBIX KIICIICH:
Ixodes persulcatus P. Sch., Haemaphysalis japonica
douglasi Nut. et Warb., Haemaphysalis concinna Koch,
Dermacentor silvarum Ol., Ixodes nipponensis Kitt.
et Saito, Ixodes pavlovskyi B. Pom., Haemaphysalis
longicornis n np. [11, 12]. B ceBepo-BOCTOYHBIX H]IC-
MUYHBIX palioHax KuTas ¢ MOMOIIbIO MOJCKYJISPHBIX
METO/IOB KJacCU(DUIMPOBaHbI 5 BHJIOB SHIACMHYHBIX
MKCOJIOBBIX KJIeIIeH. 3/1eCh, TOMUMO OCHOBHOTO BEKTO-
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REVIEWS

pa 1. persulcatus, BKD MoxeT nepeHOCUTbCS Kiela-
mu Dermacentor silvarum, Haemaphysalis concinna n
Haemaphysalis japonica [7], a taxxe Haemaphysalis
longicornis [13]. Ha o. CaxanuH 3aperucTpupoBaHbIl
3 BuIa MKCONOBBIX Kietel (1. persulcatus, H. concinna
u I. angustus Neumann), COOPaHHBIX C JUKHX MEJIKUX
miekonutaomux [12]. B FOxnoit Kopee kak moten-
nuanbHele nepeHocunkun BKD paccmarpusarorcs He-
xapaktepHblie BekTopsl BKD — kneuw H. longicornis,
H. flava, H. japonica v I. nipponensis [8]. B npuponu-
HBIX ouarax 0. XOKKaiiJJo OCHOBHBIM INEPEHOCUMKOM
BKD sBsiercs ke Ixodes ovatus, a ero mpoKOPMHUTE-
nsimu — Clethrionomys rufocanus v Apodemus specio-
sus [14, 15], a Takke CTOpOKEBBIE COOAKH, U3 KOTOPHIX
ObUTH BBIIETCHBI TIepBhIe mTaMMbl BKO B Smonun [9].

JnHaMuKa 4YMCIEHHOCTH WKCOAOBBIX KIICLIEH W
MEJIKMX I'PBI3yHOB KOJIEOJIETCS 10 TOjiaM, BIIUsS Ha aK-
TUBHOCTH BUpYycHOH nomyssiuu [10, 16], yto oTpaxka-
eTcsl M Ha TIoKazaresisix 3aboneBaemoctu KO.

Ha npotsoxkenunn 1990-2018 rr. Ha Teppuropuu
OxH0-CuxoTr>-Anunbckoro pernona (IIpumopckuii
Kpaii) 3abosieBaemMocTh KO Bcerma Obuia BbIIE 10
cpaBHeHHUIO ¢ Tepputopusimu Ceepo-CHUxoTr-ANnuHs
(pucyHoOK). 3nech HaOMOaAeTCs [TIaBHAS TCHICHLIUS —
JUHAMUYHOE CHIKEHHE IoKa3aTesneil 3aboneBaeMocTi
KO (skcnoHeHmanbHas JUHAMUKA), KOTOpas XapakTe-
pHU3yeT WICHTUYHOCTh SMU300THYSCKHUX IMPOIIECCOB B

(DYHKIIMOHUPYOIIUX MIPUPOJHBIX OYarax Ha BCEX Tep-
putopusix CuxoT3-AJIMHBCKOTO pEerroHa.

CIOXUIIOCH CTOMKOE MPEACTaBICHUE O TOM, UYTO
knaccuueckass gopma ganpbHeBocToyHoro KO xapak-
TEpU3yeTCsl 0CO00H TIKECThIO MH(EKIIMOHHOTO IPO-
1ecca C BBICOKMMHM IOKA3aTeIIsIMU HEOJIArOMpPHUsITHBIX
ucxojoB [17-19]. [logoOHast kapTHHA HAOIIONASTCS HA
Tepputopun npuieratomero Kuras. Opunmansao KO
OBUI 3apPErUCTPUPOBAH B IPOBUHIUKM XAHIYHI3SH elle
B 1952 r, Toraa 3aboseBaeMOCTh B ATOH MPOBUHIIUU
cocraniuia 3,2 Ha 100 ThIC. HaceJIeHUs, a JICTAIbHOCTh
nocrurana oosnee 25%. PeructpupoBanu peryssipHbie
HOBEMBI 3a00JIEBAEMOCTH C IIMKAMU KaXKble 5—7 JIeT
[20]. Xorst 10 1994 1. GONBIIMHCTBO CIy4YacB ObLIN 3a-
pEerUCTpUPOBAHBI HA TEPPUTOPHUH MPOBUHIIUU MyTaHb-
13sH (pexu CyHrapu u MuyHb), B JajbHEHIIEM o4aru
K3 pacnpocrpanunucs 10 ropoaos 1[3ucu u XapOun
[20, 21].

B 1990-1999 rr. Ha Bceil oyaroBoil TeppuTOpUU
€BPA3UICKOT0 KOHTHMHEHTA HACTYyNWIO YXYIIICHHE
snuaemMudeckoi curyanuu mo K3. Otmedeno MHOro-
KpaTHOE YBEJIMUCHUE MoKa3aTelieli 3a00JieBaeMOCTH HE
TOJIBKO Ha TeppuTopuax 3amaaHoi u Bocrtounoit Cu-
OupHu, HO U B EBPONCHCKUX 00JACTIX U cTpaHax [3].
JanbHEBOCTOYHBIN PErMOH HE CTaJl UCKIIIOUEHHUEM,
3a0oeBaeMocTh KD B HEM JOCTHINIA CAMBIX BBICOKHX
rokasarelsei (pucyHok). B ator nepuos ypoBeHs 3a00-
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[vHamuka 3a601eBaemMoCTU KrelleBbIM 3HLedannMToM Ha pasHbiX aAMUHUCTPATUBHBIX TEPPUTOPUSX
[anbHeBocTouHoro pernoHa Poccuiickon ®enepauum B 1990-2018 rr.

The dynamics of the tick-borne encephalitis incidence in different administrative territories
of the Far Eastern region of the Russian Federation from 1990 to 2018.
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neBaemoctu KO B [Ipumopckom kpae ObLI BBIIIE, YeM
B Jpyrux pernonax Jlamsaero Boctoka, — 3,80-9,88
Ha 100 TbIc. HaceneHus. CpeqHUi MoKa3aTelp JeTalb-
Hoctu coctaBun 15,3%. YxynmieHue smnuaeMudecKon
curyauuu o KO u npyrum unpekumoHHbIM 3a0051eBa-
HUSIM Ha BCEX JHACMHUYHBIX TeppuTopusix PD mHorue
HCCIIeIOBATENM CBS3BIBAJIM HE TOJBKO € 00I1eOnoo-
FUYCCKUMH 3aKOHOMEPHOCTSMH PETYJISIIIUUA  DIIHJIe-
MHYECKOT0 MpOIecca, HO U C COIUAIBHBIMH (PaKTO-
pamu. Hacenenue, He 3aHATOE MOCTOSSHHOW TPYIOBOM
JIESITeIILHOCTBIO, [P HU3KOM YPOBHE IMPOKUTOYHOTO
oOecriedeHus! 10 HACTOSLIETO BPEMEHHU MpPEACTaBIISET
co00H rpymily MOBBIILICHHOTO PUCKA 3apakeHHs BO30y-
JUTEIISIMU KJICIIeBIX HHpekmii [22—24].

B 2000-2009 rr., HanpoOTHUB, CIOXKUIACH CTONKAs
TEHJICHIIUS BBIPAKCHHOTO CHIDKEHUSI YPOBHs 3a0osie-
Baemoctu K3, nmpuueM HauMeHbIIIee 3HaUCHUE €ro Obl-
110 otMeueHo B 2008 . — 1,25 na 100 ThIC. HaceIeHHs.
Ho cpennuii moka3zarens 3aboneBaemoctu (3,8 £ 2,0 Ha
100 ThIc. HaceneHUs1) OCTABAJICS BbIIIE OOIIEPOCCHN-
ckoro (3,1 ma 100 Teic. Hacenenus). [lokazarens ne-
TaJIbHOCTHU Takke cHu3miIcs — 110 10,5%.

B 2010-2018 rr. camxenue 3adoneaemoct KO
npoaoikmiock. Tak, B 2014 u 2018 rr. oTMeueHb! kpaii-
He HM3KHeE noka3arenu 3adoneBaemoct (0,85 1 0,43 Ha
100 ThIC. HaceCHHS), IOKA3ATEIU JICTAIBHOCTH ObLIH
TaK)ke HU3KUMH — oT 3,4% B 2012 u 2013 rr. 10 0%
B 2015 r. [22]. [TomoOHast AuHaMuKa 3a00JIEBACMOCTH
KD nabnromanach B coCeHUX CEBEPHBIX MPOBUHIHAX
Kurtass — moBBIIIIEHHBIC [TOKA3aTeu 3a00JIeBACMOCTH
ormeyanuch B 2009-2011 rr. u cHUXaNKUCh B IOCIETY-
FOIIUE AIUICMUYESCKUE Ce30HbI. [IpuueM JieTanbHOCTh
npu KD Obuia Takxe Hu3koit u cocrasisuia 0,9% [25].

B cpennem 3a Bech 80-1eTHHI mepuon u3zyue-
uus KD moxaszarenp netanbHOoCcTH B IIpumopckom
kpae cocraBui 17% [26], B XabapoBCkOM Kpae — 10
10,9% [27].

Kpome Toro, xapakTepHbIM ISl ATHX JIET SIBUJIOCH
CHIDKCHHE TIOKa3aTejel 3apa’keHHOCTH HKCOAOBBIX
KJIeliel Ha Bce TeppUTOPUHU MPUPOIHBIX odaroB Cu-
XOT3-AJIMHBCKOTO peruoHa. CremayeT OTMETHTh, UTO
ecii B 1990-2010 rT. 0CHOBHBIM METOIOM BepH]UKa-
uun BKD 6bu1 uMMmyHnodepmenThsiii ananuz (MDA),
TO B MOCJeTHEE ACCATUICTHE B J1a0OPaTOPHYIO IHa-
THOCTHKY MPOYHO BHEJAPUIUCH METOJIbI MOJICKYJISIPHON
muarsoctuku (OT-IILP). Oba st Merona sBISAIOTCS
OCHOBHBIMH B IUIAHE M3YYCHUS BUPYCOPOPHOCTU HK-
COJIOBBIX KJIEIIEH, a TakKe AuarHoctuku KO.

3a 2007-2016 rr. nHabmonenus, ucrnonssys DA,
A.T'. lparomepenkasi ¢ coapT. [28] mokazaiu JUHAMU-
Ky BbIsABIeHUs aHtureHa BKD B wiemax mocne npu-
cachIBaHUs UX K 4elloBeKy B XabapoBckoM kpae. [Ipo-
LIEHT ITHX IOKa3aTeJeil He Bcerja ObUl CUHXPOHHBIM
OTHOCUTEIBHO YpoBHS 3abonmeBaemoctu K3J. Taxk, B
2007 r. orMeueH MUKOBLIN moka3zatens (9,4 + 1,13%),
Mociie KOTOPOTO MPOMCXOAMIIO 3HAYUTEILHOE CHUKE-
Hue BupycodopHoctu kiemierd (B 2008 . — 3,1%, B
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2009r.—2,4%,82010 . — 1,01%, B 2011 . — 0,8%,
B 2012 . — 1,2%, B 2013 . — 3,6%). Cnenyromuii
noabeM BHpycodopHocTu Kiemeld ormedeHn B 2014 1.
(10,3+0,72%), a cHrxenne — B 2016 1. 10 5,9 £ 0,45%.
OpHako o0mas 3apaXeHHOCTh KIelIel, COOpaHHBIX B
9TOT K€ MEPUO/] B JICCHBIX OMOTOINAX M UCCIICAOBAHHBIX
¢ nomomipto OT-IILP, coctaBmia Bcero juib 1,3%.
B T0 >xe BpeMs pacripeneneHne reHeTHUEeCKOro MapKe-
pa BKD y B3pocinbix kiemieil pa3HbIX BHIOB, COOpaH-
HbIX B 1999-2014 1T, moKkasano, 4To CPEeAHUI YPOBEHb
BUpycodopHOCTH Kieweld [ persulcatus cocTaBui
7,9 £0,7%, H. concinna — 5,6 = 1,0%, H. japonica —
2,0+£2,0% u D. silvarum — 1,3 £ 1,3% [29].

B 2008-2018 rr. B IIpumopckoM Kkpae ¢ To-
Motbto MDA ObUM NPOBEIEHBI UCCICIOBAHUS 10
ONPENCIICHUIO AHTUTCHA B KJIEIIaX, MPUCOCABIINXCS
K JIIOZSIM, a B cliydasdx norepu kiemia anturen BKO
BBISIBJISLIY B JIGHKOLMTAPHOH (paKky KPOBU MalieH-
toB [22, 30]. Becero uccnenoBano 6754 npoObl KpoBU
n 14 084 sx3emmisipa MKCOAOBBIX Kiemied. [Ipuuem
exeronno antureH BKD moutu B 3 pasa uaie BBISB-
JSUTH B KPOBH JItoAei ¢ ykycom kiema (4,6 + 0,83%)
[0 CPAaBHEHMIO C MOKA3aTEISIMU aHTUTCHA B KJIEIIaX,
cusateix ¢ moxpen (1,1 £ 0,09%). YactuuHo npoOsl,
nosiokurenabHbie B MDA (944 wiemieit u 146 npoo
kpoBH), ucciaeaosanu meronom OT-IIIP-PB. PHK
BKD BrisiBunu B kitemax B 9 ciyvasx (0,95%), on-
HaKO M30JIUPOBAaTh BUPYC U3 3THUX MPOO HE yIalI0Ch.
Tonbko B 2018 1. anturen BKD 0511 BesaBaeH B 0,6%
kienieit 1. persulcatus v He OOHAPYXKEH B APYTUX MPU-
Mopckux kiemax Dermacentor n Haemaphysalis.
[Ipu uccnegoBanuu meromom OT-IILP-PB B kie-
max . persulcatus reneTudeckuii mapkep Bupyca KO
ompenensiiu B 0,65-0,9% cayuaes [30, 31]. Tak xe
penko, B 1,1% ciayuyaes, PHK BK3 oGnapyxuBanu B
KJIemax, cCoOpaHHbIX ¢ pacTUTenbHOCTH [32].

M Bce ke U3 aHTUT€HIOJOKUTENIbHBIX JIEUKOLIH-
TapHBIX (QpakUUii KpOBU JIOACH HaM yAajoch BBIIC-
auth 3 mramMa BKD, koTopble ObUIM HM30IMPOBaHBI
B MEpHOJ HauOoJbIneld akTuBHOCTH BHpyca B 2009 u
2010 rr., xorma 3aboeBaeMOCTh cocTasisia 2,3 u 2,88
Ha 100 ThIC. HaceleHHUs, a JICTAILHOCTh OblIa paBHA
15,9 u 7,3% cootBeTcTBeHHO [22].

MHorue uccieaoBaTeNy NPy MPOBEICHUN AUATHO-
cruku KD 3auacTyro cTalKuBaIOTCs C HECOBMAICHUEM
MOJIOKUTENbHBIX pe3ynbTaroB B UDA u TP [22, 31,
33]. Kpome TOT0, BHISIBIICHHBIE MTOJIOKUTEIBHBIC TTPOOBI
B KJICIaX M JIeHKouuTapHoi (pakiuy KpOBHU JHOACH B
N®A wunu B [P 10BOIBHO YaCTO HE TOATBEPKIAIOTCS
n3oasanueit BKD. Tak, nmo ganueiM O.B. MenbHUKOBOH
u coaBT. [33], Ooiblas 4acTh CYCICH3HI, COIEpiKa-
umx antureH BKD, He BbI3pIBaJIa KIMHUUECKUX MPO-
SBJICHUH OO0JIE3HH NPH 3apasKEHUU UMHU OCJIbIX MBIILIEH.
ABTOpaM ynanoch BBIACIUTH BUPYC U3 KIICHIEBBIX CyC-
neH3ui B 25% HaOIIOICHHI, 13 MO3TOBBIX CYCIICH3UI
Menkux miekonutaommx — B 10,5%. [Ipuuunoii Toro
aBisieTcs: GOpMHUPOBAHKUE HE3PEIbIX, T.€. HeMH(EKIH-
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OHHBIX BUPYCHBIX YaCTHII, KOTOPHIE MOT'YT BBISBIISATHCS
i B UDA, wim B TTLP.

PacxoxeHune BbISBIEHUS MOJOKHUTEIbHBIX TOKa-
3aresiel, nomyueHHsIX B I1LIP, o cpaBHenuto ¢ DA,
Ob10 OTMeueHO Hamu [34] it c1abomaroreHHOro
mramMa Primorye-437 B nuanasone tutpa BKD, pas-
noro 1 log TCID, /M, Juis BLICOKOIIATOTEHHOTO LITaM-
Ma Dal'negorsk — 5 log TCID, /mi. DdhekTuBHOCTD
BBIABJIEHUS TeHeTUUecKoro Mmapkepa B [1LIP no cpaBhe-
Huto ¢ UDA 111 HEBUPYIIEHTHOIO IITaMMa, UMEIOILETO
JIe(eKTbl B TeHeTHUECKO cTpyKType [44], Oblia BbIle
B 10 pa3, a 111 BeIcOKOMaToreHHoro mramMmma — B 5000
u Ooinee pa3 [34]. 3aMeHbI aMHHOKHCIIOT B HECTPYKTYP-
HBIX BUPYCHBIX O€JIKax, TAKHX KaK MpoTeasa (KOMILIEKC
oenxoB NS2B/NS3) u PHK-nonumepasza, MoryT BIusITh
Ha aKTUBHOCTH ()EPMEHTOB U CKOPOCTH Pa3MHOKEHHUSI
BKD3 [44]. Tloatomy Bepudukauus B I[P mrammon
BKD3 ¢ pa3Hoii OHonornueckoii XxapakTepuCcTHKON MO-
JKET MPOUCXOAUTD MO-PA3HOMY.

Jisi u3yyeHus: TEHETUYECKOM XapaKTepUCTUKU
BO30yIUTENICH CTANM IIMPOKO MCIOIb30BaTh HE ITaM-
™Mbl BKD, a uzonarer PHK, BeieneHHbIC U3 pa3nuMuHbIX
o0bekToB [35]. Ilomydenue MoneKyssIpHO-TEHETHYE-
CKOW XapaKTEepHUCTUKU M30JIATOB IyTEM CEKBEHHPOBa-
Hust PHK, BbIIeNIcHHOH HENOCPEJCTBEHHO U3 OHOJIO-
THYECKUX 00pa3loB, MPEACTABIACT LEHHOCTh B IJIaHE
WCKJIIOUEHHUS] M3MEHYMBOCTH BUPYCHOTO TeHOMa IpH
MaCCUPOBAHMUM HITAMMa Ha KYJNBTYpe KJIETOK WM Ha
71a00paTOPHBIX KUBOTHBIX [35]. OHAKO TPU HAJTHMYUHU
B BUPYCHOM I'€HOME MYTalMil B y4acTKax CBSA3bIBAHMS
IpariMepoB WM 30H]I0B, BXxoAsmux B coctaB [IL[P-te-
CTa, TaKOH IITaMM MOJKET OIPENENATbCs JaHHBIM Te-
CTOM C MEHBIIEH BEPOATHOCTBIO: HE BCE T€HOBAPHAHTHI
BO30yIuTENICH BBISBISIIOTCS, U BCErJa CYLIECTBYET Be-
POSITHOCTD IOJTyYEHUS! JIOXKHOOTPULATEIbHBIX PE3YIlb-
tatoB [36]. Ilpu TakoMm Mmomxoae K NETEKIMH BHUpYca
MIPOBEICHNE PACIIMPEHHBIX MOJIEKYJIspHO-TeHeTHYe-
CKHUX UCCJIEJOBAaHHU OTpaHMYCHHO, a 0€3 BBIIEICHHOTO
mITaMMa HEBO3MOXKHO M3ydaTbh OMOJIOTHYECKHE OCHO-
BbI [TATOTEHHOCTU BO30YIUTENSI, YTO HEOOXOIUMO ISt
MOHUMAaHUS STMHUIEMUOJIOTHY, KIMHUKA U pa3pabdoTKH
METOJOB JIeYeHUs] W NpoduiIakTuku Oone3nu. Heco-
MHEHHO, YTO TOJBKO OJHOBPEMEHHOE COYETaHHUE I10-
JIOKUTEIBHBIX TIOKa3arenel B AByX peakuuax (MDA u
[1LIP) MokeT criocoOCTBOBATh BBISBICHUIO MOJTHOIICH-
Horo BKD B nocTaroyHoi KOHILEHTpaluu A aKTHB-
HOM perutukaiuu [34].

AnHanusupyss ocoOeHHOCTH mposiBieHus K3 B
[TpumopckoM u XabapoBCKOM Kpasix, CIEAyeT OTMe-
TUTb, YTO 3]1€Ch, HAPSAY C KpaiiHe TKeIbIMU (hopma-
MU 3a00J1€BaHMsl, BEAYIIMMH K JICTAIBHBIM HCXOAAM,
B IOCJIE/IHNE TOJbI BCE Yallle CTajJl BCTPEYaTbcs CIly-
yan KD co cTeprbiMu 1 GecCHMOTOMHBIMU (OpPMaMH
uHdekuuun [18, 22, 27]. Pe3ynbrarbl MOJOKHUTEIBHBIX
npo0 MpHcoCaBIIUXCS KJCled WM KPOBU JIIOICH C
yKycaMH KJIEIled dYalle BCEro yKas3bIBaloT JHIIb Ha
npucyrcTBue renernyeckoro Mapkepa PHK B I1LIP niu

aHTUreHa supyca B IMA. DTo MOXKET CBUIETENHCTBO-
BaTh O MOJYYEHHH PELHUIHUEHTOM CyOIOpPOrOBOM 03B
BO30YyIUTENS, HEAOCTATOYHOM ISl pA3BUTHSI aKTUBHOTO
nH(pEKIUOHHOTO mpouecca [37].

3apakeHHOCTh MPOO TMOJHOLUEHHBIM BHPYCOM,
CIOCOOHBIM K PEIUIMKALMH, MOKHO BBISIBUTH TOJBKO
IIpH MOMOIIM KJIACCUYECKUX BHPYCOJOTHYECKUX CIIO-
co0OB U30JISAIUU BO30yAuTes. Takol IMMOJHOICHHBIH
BUpPYC CIIOCOOEH BBI3BIBATH Pa3HOOOpa3HbIe KIMHUYE-
CKHE MPOSIBICHUSI HH()EKIUN — OT JIETKHX JIMX0Pag0y-
HBIX JI0 TSDKEJIBIX ouaroBbix ¢opm KD c¢ neranbHbIMU
ucxonamu [22].

Bbinenenye  MOJIHOLEHHOTO — MH(EKIHOHHOTO
BHpYCa, ONACHOTO JUI YeJIOBeKa, HE TOJBbKO pelaeT
SMUIEMUOJIOTHYECKHE 3a7a4M, HO M OTKPBIBAET Iep-
CIEKTUBBI M3YYCHUSI €ro OHMONOTHMYECKUX CBOMCTB H
MOJIEKYJISIPHO-TEHETUYECKONM XapakTepucTUKU. Takas
BO3MOYKHOCTb, KaK MPaBUJIO, IPEAOCTABISIETCA B OB
AKTUBHOW IMPKYJSIMM BUpyca B NPUPOJHOM oOdare,
KOT/1a MOSIBJISIIOTCS IITAMMBI C TIOBBIIIEHHON BUPYJIEHT-
Hoctelo. Tak, B 2004 1. npu noxbseme 3a0601€BaEMOCTH
K3 (3,6 na 100 ThIC. HaceneHus) Ha ceBepe [Ipumop-
CKOTO Kpasi U3 MO3ra yMepIIero nanueHTa Obll BbLie-
JIEH HOBBI BapMaHT BBICOKOBHPYJIEHTHOTO IITaMMa
BKD [38]. Wnu, Hanpumep, B NpoBUHINN MyIaHbL3sSH
B Kurae B 2010 . mpu noBbIIIEHHON 3a007€BaeMOCTH
Obutn m3onupoBansl 2 mramma BKD (MDJ-02 u MDJ-
03) 13 KpoBH TKEIO00IBHBIX NAIMEHTOB [39]. M3yue-
HUE MOJIEKYJSIPHO-TEHETHYECKON XapaKTepPUCTUKHU I10-
Ka3ajo OJHM3KOoe POJCTBO 3TUX LITAMMOB K JIBYM TIpe/i-
CTaBHTEJIIM BHUpYCa JajlbHEBOCTOYHOTO CyOTHIA: K
mrammy VL99-m11, uzonupoBannomy B IIpumopckom
kpae (borannueckuii can BnaguBocToka), v K IITaMmy
KH99-m9 B Xabaposckom kpae [40].

B 1993 1., mpu pe3kom noabeme 3a001eBaeMOCTH
KD na eBpa3uiickoM KOHTHHEHTE, 3apErHCTPUPOBAH
HOBBIN sHAeMUYHBIA peruoH mo KO Ha o. Xokkaiino
(Anonwust), rae ObLI AMATHOCTUPOBAH MEPBBIH Cilydait
KD ¢ OnaronpustHeiM ucxoqoM [9]. 3neck ObLIH IIpe-
MPHUHATHI IIHUPOKHUE IKOJIOT0-3MHU300TOJIOIMUECKHUE HC-
CJIeJIOBaHUs, N30JMpOoBaHbl mTamMmmbl BKD, koTopsle o
MOJIEKYJISIPHO-TEHETUYECKOM XapaKTepUCTUKE UACHTHU-
(uIMpOBaHbI KaK MITAMMBI JaJbHEBOCTOUHOTO CYyOTH-
na [41]. B 2016-2017 rr. 31eck e 3aperucTpupoBaHbl
emie 3 HOBBIX ciry4ast KO, 2 U3 KOTOPBIX 3aKOHYMINUCH
JETaIbHBIM UCXOJOM [25], 9TO CBUACTEIHCTBOBAIO O
MOBBILIEHUH AKTUBHOCTH JIEHCTBYIOIIETO MPUPOIHOTO
oyara KO Ha ceBepHbIX Tepputopusax Snonunu, o. Xok-
kaiijo. IMeHHO 3T citydan oOpamaroT Ha ceOsi BHU-
MaHHUE B OTHOLIEHUH aKTUBU3ALUN IPUPOAHBIX 04aroB
KO3 Ha camoil kpaiiHell BOCTOYHON 04aroBoi TEppUTO-
puu JJalbHEBOCTOYHOI'O PETHOHA.

He menee ynuBHUTENBbHBIMM HAXOJKaMH SBHJIUCH
ciayyau umsomsiiuu mrammoB BKD w3 merounoii Tka-
HU JUKUX TPBI3yHOB, OoTNOBIEeHHBIX B IOxHOI Kopee
[8]. K HacTostiemy BpeMEHU HM3BECTHBHI YK€ 7 TaKuUX
H30JIATOB, KOTOpBIE IO MOJIEKYJISPHO-T€HETHYECKOI
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XapaKTEepUCTUKE OKA3aJUCh IITaMMAaMH €BPOIEHCKOro
cyOTuna. IToT GaxT Mmoka He MOJTYUHI YETKOro 00bsc-
HEHMs, Kak W oOHapyxeHHe Takux ImTtamMmmoB BKDO
Ha IOro-BOCTOYHOM Teppuropuu JlanpHero Bocroxa,
cTOJb Janexkoro oT EBpomneiickoro peruona. OgHako ta-
KM€ HaXO/KH OTKPBIBAIOT HOBbIE TOPU3OHTHI U pacIlu-
PSIOT Hallle TOHUMaHUE O BO3MOXKHOM (POPMHUPOBAHUN
HOBBIX OYaroB C paHee HEM3BECTHBIMM LITaMMaMH, a
TaKXe 0 IOCTOSIHHO IIPOUCXOISALINX MPOLECCax, ONpe-
JEJSIIOIINX YCTOMYMBOCTh MJIM MU3MEHYHUBOCTDH IIOIY-
naunn BKO B nmpupoaneix ouarax. Ilpumepom Tomy
MOCTYXHUJIa U30JIALUsS IBYX HOBBIX mTammoB BKO n3
JIUKUX TPBI3YHOB Marmota himalayana na teppuro-
pUsIX paHee HEM3BECTHBIX MPHUPOAHbIX oyaroB (TsaHb-
[Tanb, Kurait) [7]. Ha ocHOBe MoOneKymaspHO-TCHE-
TUYECKOTO aHaju3a MOJUIPOTEHHA 3THUX IITAaMMOB
(Him-TBEV) BbIsiBIeHa UACHTUYHOCTh HYKJICOTH/IOB
B 83,5-85,2%, a Taxxkxe aMUHOKUCIOT B 92,6-94,2%
¢ apyrumu tpems cyotunamu BKD. Yposenb uueH-
TUYHOCTH HYKJICOTUJIOB U AMHUHOKHCIIOT IITaMMOB
BKD eBpomneiickoro u cuOUpCKOro CyoTHIIOB 11O CpaB-
HEHHUIO C JaJbHEBOCTOYHBIM CYOTHUIIOM COCTaBIISIET
83,2-85,5 m 93,0-95,2% coorBercrBenHo. Ilomy-
YeHHbIE yOeIUTeNlbHbIe OTIUYUS THUX IITAMMOB OT
mraMMoB BKD Tpex cyOTHIOB MO3BOJHIM aBTOpam
3asiBUTh O HOBOM — IMMallalickoM — cyOTuIe Bupyca
K3 (Him-TBEV), xoTopblii, 10O MHEHHIO aBTOPOB [7],
OBUT «CKPBIT» B Te4eHHe coTeH JeT. OJHAKO MOKHO
MPEANOI0KHUTh, YTO MAYT MPOLECCH BUA000pa3oBa-
HUS HOBBIX cyOTHnoB BKD.

Haubonee monHoe mpeacTaBieHHE O JalbHEBO-
ctouHoi monynauuu BK3O nonydyeno nHamu B mocnes-
Hee necsaTtuiieTre XX B. HA OCHOBE ITOJIHOTEHOMHOM Xa-
pakrepuctuku 50 mrammoB BKD, uzonupoBanusix oT
MAIMEHTOB € Pa3HbIMU KIMHUYECKUMU HPOSIBICHUSMU
WHQEKIMA — OT 0YaroBbIX J0 MHANIAPAHTHBIX QOpM,
a TAK)K€ U3 UKCOIOBBIX KIICLIEH, C Pa3IMYHOU HCTO-
PUYECKOM JABHOCTBIO UX M30JLMU. J[aHO omucaHue
OMONOrMYECKUX CBOWCTB [42, 43] u MOJeKyasipHO-Te-
HETUYECKOM XapaKTEPUCTUKU JAJIBHEBOCTOYHOM TOITy-
msauuu BKD [44, 45], naunHas ¢ onucaHus MOJHOTeE-
HOMHOM MOCJIeI0BAaTEIbHOCTH MPOTOTUITHOTO IITaMMa
CodouH, Brepsble BoinonHeHHOro A.I. [IneTHeBBIM C
coaBT. [46]. KommuiekcHbIe JaHHBIE O 3HAYUTEIIHBHOM
YHUCJIEe JaNTbHEBOCTOUHBIX ImTamMmMoB BKD, oxapakre-
PHU30BaHHBIX U 3aperucTpupoBanHbix B GenBank, siBu-
JIUCh OCHOBOM U TOJTYKOM JUIsl U3YYEHUS U CPABHUTEIb-
HOTO aHajM3a pa3ivuyuii MHOTOYMCIIEHHBIX IITaMMOB
BKD, BbIIe/IEHHBIX Ha TEPPUTOPUH €BPA3UICKOTO KOH-
tuHeHTa [47-50].

3aKkniouyeHuve

HecMmorps Ha Gosnee yem 80-1eTHUI nepro U3y-
yenust KO, uccnenosarenu, UCIONb3ysl HOBBIE COBpE-
MEHHBIC TOAXOABl M METOAbl U3YyYCHHUS, MOCTOSHHO
pacmmpsIoT nepen coboil 3ajaun, peHIeHue KOTOPBIX
MMOCTEIIEHHO OTKPBIBAET OCOOCHHOCTH JKH3HEICATEIIb-
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OB30PbI

HOCTU BUPYCHOH IOIYJSILIUUM HA ONPEIEIICHHBIX TEp-
PUTOPHSIX MPHPOAHBIX 0YAroB 3TOW MH(MEKUIUH U MO-
MOTaeT IMOHATh, HACKOJIbKO OCCKOHEUHA M CIIOKHA YIS
W3y4YeHus 3Ta mpoodiema.
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Mopgenu in vitro pna nsyyeHunsa supyca 3mka

MumeHosa E.B."*, Xpanosa H.I."?, 3amapuHa T.B."2

'®KY3 «Bonrorpapckuin Hay4yHo-nccnefoBaTeNbCKUiA MPOTMBOYYMHbBIN MHCTUTYT» PocnoTpebHaasopa, 400131,
Bonrorpag, Poccus;
2QrbOY BO «Bonrorpapckuii rocyaapcTBeHHbIV MeAULMHCKNA yHBepcuTeT», 400131, Bonrorpag, Poccua

B cBdA3u ¢ rmobanusauven, yBenunyeHmem TOProBbIX U MUIPaLMOHHBLIX MOTOKOB BEPOSITHOCTb BO3HWUKHOBEHMWS
BCMbILLEK Nxopadku 3uka cyLecTBEHHO Bo3pacTaeT BO BceM Mupe, Bktovas YepHomopckoe nobepexbe Kas-
ka3a B Poccuun. Jlnxopagka 3uka nmeeT TeHOAEHUMIO K BbICTPOMY pacrnpoCTPaHEHWIO U PacLUMPEHUo reorpa-
ryeckux rpaHnL, NO3TOMY U3yyYeHne OAaHHOro BMpyCa OCTaeTcs akTyanbHoW 3agaden. HakonneHHble 3a no-
crefjHee BpeMsi 3HaHWS CNOCODOCTBOBAaNM BCECTOPOHHEMY M3Yy4eHUo BUpyca 3uka, ogHaKko 4O CUX MOp MHOrve
BOMPOCHI 3TVOMNOMMK, SNUAEMUONOINN, KIVHWKX, crieumduryeckon AnarHoCTUKN U NPOdUNAKTUKN OCTatoTCH He-
peLueHHbIMKU. HacTosawmii 0630p OCHOBaH rmaBHbIM 06pa3oM Ha nybnukaumax 3apybexHbix aBTOPOB U BEAYLLNX
MeXayHapoAHbIX OpraHM3auuii No n3yyeHnto Bupyca 3mka B KynbType KNeTouHbIX NuHuiA. B 063ope 0600LLeHbI
3KCMepVMeHTarnbHble AaHHble NOCAEeAHUX MET MO MPUMEHEHWIO KNETOYHbIX NMHWIA, NCMOSMb3yeMbIX B KavyecTBe
KneToK-MULLEHEN NS u3y4yeHus Bupyca 3vka, OTMEYeHbl UX NpenmyLLecTBa 1 HedoCTaTku, NPMBEAEHO CpaBHe-
HMe YyBCTBUTENbHOCTY KNETOYHbIX JIMHUIA Pa3HOrO NPOUCXOXAEHMS.

Knrodeesnle cnoea: supyc 3uka; KnemoyHble nuHuuU; Moderss in vitro; 063op.

HUcmoyHuk ghuHaHcupoeaHus. ABTOpbI 3as1BMSIOT 06 OTCYTCTBUMU (hMHAHCMPOBAHUSA NpY NPOBEAEHUN Uccre-
[0BaHUs.

KoHdbnnukm unmepecoe. ABTOPbI AEKNAPUPYIOT OTCYTCTBUE SBHBIX M NOTEHLMArbHbIX KOH(MUKTOB UHTEPE-
COB, CBSA3aHHbIX C NyOnukaumen HacTosALEN CTaTby.

Ans yumupoeaHus: NMumexosa E.B., Xpanosa H.IM., 3amapuHa T.B. Mogenu in vitro pns ndyyeHus Bupyca
3uka. XKypHan mukpobuonoauu, anudemuonozauu u ummyHobuonoauu. 2020; 97(2): 159-164.
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In vitro models for the study of Zika virus
Ekaterina V. Pimenova'?, Natalya P. Khrapova'?, Tatyana V. Zamarina'?

'Wolgograd Research Anti-Plague Institute, 400131, Volgograd, Russia;
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Due to the globalization, increased trade and migration flows the probability of outbreaks of Zika fever is
significantly increasing worldwide, including Black sea coast of the Caucasus in the Russian Federation. Zika
fever tends to spread rapidly and to expand its geography, so the study of this virus remains an urgent task.
The accumulated knowledge recently has contributed to a comprehensive study of Zika virus, but so far many
questions of etiology, epidemiology, clinic, specific diagnosis and prevention remain unresolved. This review is
based mainly on publications by foreign authors and leading international organizations dedicated to the study
of Zika virus in the cell lines of various sources . The review summarizes recent experimental data on the use of
cell lines as target cells for the study of Zika virus, their advantages and disadvantages, and the susceptibility of
different cell lines to this virus. Information from bibliographic and abstract scientific databases, search websites,
and publishers: RSCI, Web of Science, Scopus, MEDLINE, Google Scholar, PubMed, Springer Nature, Elsevier,
and others was used in the preparation of the review.
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BBepneHne

Bupyc 3uka Obu1 BriepBbie BbiedeH B 1947 1. B
necy 3uka B Yraujae U3 Makaku pesyca. [lo3xe Bupyc-
crenn(puuecKue aHTuTeNa ObUTH 0OHAPYKEHBI B KPOBH
MH(QHULIMUPOBAHHBIX JIIOACH, 3TO CTaJO MEPBBIM J0Ka3a-
TEJIBCTBOM TOT'O, YTO BUPYC MOXKET NE€peIaBaTbcs 4eso-
BeKky. boree mo3aHue nccienoBanus BBISIBUIN HHQEK-
LUIO B JPYTHX PETHOHAX AQPHUKH, a TAKIKE B a3UATCKUX
crpanax. [lo 2007 r. BupyCHy! HUHQEKIHUIO CUUTAIH
MH(EKIHEeH OrpaHIueHHOTO reorpaguyecKoro pacipo-
crpanenus [1-5].

[lepBast kpymHast BCHbIIIKA JTUXOPAAKH 3HUKa MPO-
n3omia B 2007 1. Ha ocTpoBe S B 10’kHON yacT Tuxo-
ro OKeaHa, BO BpeMs Hee 73% ixutelielt octpoBa ObLTH
uHupoBansl [6, 7). [lo3zxke BcnblKU (HUKCUPOBA-
auce B0 Dpannysckoil Ilonune3un U Ha TEPPUTOPU-
ax TuxookeaHckoro peruona, B 2014 . — B Yunu u
Bbpazunuu. B HacTosiiee BpeMst HabromaeTcst ObicTpast
MHTPOJLYKIUS TUXOPaJKK 3UKa U3 S3HJIEMUYHBIX PEeruo-
HOB. C 2014 r. B Mupe 3apeructpupoBato 9252 3aBos3-
HBIX citydas B 52 ctpanax (benbrus, Yexus, Opannus,
I'epmanus, ['peuns, Benrpus, Uranus, Hunepnanel,
Ucnanwust, Benukoopuranwusi, CIIIA, Kanana, Aprenrtu-
Ha ¥ 1p.)". 3a nocnenHue 7 net Ha reppuropun Poccun

' ProMEDmail. Available at: http://promedmail.org
WHO. Zika virus situation reports.
Available at: https://www.who.int/emergencies/
zika-virus/situation-report/en/
Surveillance Atlas of Infectious Diseases.
Available at: http://atlas.ecdc.europa.eu/public/index.aspx
Pan American Health Organization: PAHO/WHO.
Available at: http://www.paho.org/hg/index
Communicable disease threats report. CDTR Week 44, 27
October — 2 November 2019. Available at: https://www.ecdc.
europa.eu/sites/default/files/documents/Communicable-dis-
ease-threats-report-2-nov-2019_0.pdf
Chikungunya, dengue et zika - Données de la surveillance ren-
forcee en France. Available at: https://www.santepubliquefrance.
fr/maladies-et-traumatismes/maladies-a-transmission-vectori-
elle/chikungunya/articles/donnees-en-france-metropolitaine/
chikungunya-dengue-et-zika-donnees-de-la-surveillance-ren-
forcee-en-france-metropolitaine-en-2019
CDC Centres for Disease Control and Prevention. Zika Virus.
2018 Case Counts in the US. Available at: https://www.cdc.gov/
zika/reporting/2018-case-counts.html
Canada.ca. Zika virus: For health professionals.
Available at: https://www.canada.ca/en/public-health/services/
diseases/zika-virus/surveillance-zika-virus.html
ZIKA — Informacion Relevante — Secretaria de Salud
Gobierno de Mexico. Available at: https://www.gob.mx/salud/
acciones-y-programas/zika-informacion-relevante
Vigilancia en Salud Publica — virus del Zika — Portales del
Portal. Available at: http://temas.sld.cu/vigilanciaensalud/tag/
virus-del-zika
Sitio Web del Ministerio de Salud de Costa Rica. Bienvenido.
Available at: https://www.ministeriodesalud.go.cr
Ministerio de Salud de Argentina.
Available at: https://www.argentina.gob.ar/salud
Ministério da Saude. Portal do Governo Brasileiro.
Available at: http://portalms.saude.gov.br
Ministerio de Salud Esstado Plurinacional de Bolivia.
Available at: https://snis.minsalud.gob.bo

ObLIO BepUPUITMPOBAHO 23 TAKUX CITydasi, CBI3aHHBIX C
noe3nkamu B JlomuHukaHckyto PecryOnuky, Mekcuky,
Wupauto, Tannan, Koaymouio u Kurait?.,

Kak u npu npyrux anbda- v GraBUBUPYCHBIX WH-
(dexuusix, npu JIUXopajaKke 3MKa MHOTIA HaOIIomaeTCs
COIYTCTBYIOIIAass CHMIITOMAaTHKa, BKJIOYAas CHHIPOM
l'mitena—bappe (ocTpast BocmajuTenbHas AEMHUCITHHI-
3upylomasi nonuHeiiponarus) [8—10] u muxpoueda-
JMIO Y MIIQJICHIIECB, POAMBIINXCS Y MHOUIMPOBAHHBIX
marepeit [11-14].

Jist u3yueHus BOIPOCOB MaToreHesa, naTopu3nuo-
JIOTHH, a TaKKe JJISl PAaCCMOTPeHHs (PeHOTUIMHYECKUX
U nponuepaTUBHBIX CBOMCTB BO30YAUTEINsI BUPYCHON
nH}eKIUK 3UKa B OCIESTHUE TObl CTAU IIUPOKO HC-
TI0JI30BAaTh MOJENM [N Vitro ¢ IPUMEHEHUEM KIJIETOY-
HBIX CHCTEM.

Harreii meb1o ObLIO CUCTEMATH3UPOBATh 1 0000-
LIUTH JaHHBIE JIUTEpaTyphl MOCIEAHHUX JIET 10 BOIPO-
caM M3y4eHUs BUpyca 3MKa Ha MOJIEJH in Vitro.

OcCHOBHas YacTb

K. Himmelsbach ¢ coasr. [15] uzyuunu croco0-
HOCTbh BUpyca 3MKa PernpoaAyLHUpOBaThCsi B KYyJIbType
KJIETOK Pa3IM4HOTO MPOUCXOkKAeHUA. Bee kierounbie
muHUK (A549 — KIJIETKH SIUTENHs JIETKOTO YesoBe-
ka, CHO — kJeTKd sSMYHHMKA KHUTAMCKOro XOMSYKa,
COS7 — xyeTku Mo4yku appUKaHCKOW 3eJIeHOH Map-
Teiikk, HepG2/C3A — KIETKH NEYCHH 4YelloBeKa,
Huh7.5 — knetku neuenu uenoseka, HaCaT — kimeTku
KOKH uenoBeka, N29.1 — KJeTku runorajgamyca Mbl-
um, SH-SYSY — knetku HelpoOnacToMbl KOCTHOTO
MO3Tra 4YeJoBeKa, Vero — KIJIETKH NMOYKH a(pprKaHCKON
3esIeHON MapThIIKU U 293T — KJIETKU MOYKH YesoBe-
Ka) MHQUIUPOBAIM MOJMHE3UHCKAM MITaMMOM 3HKa
azpaTckoro resorumna. Yepes 48 u B KiIeTKax onpeneis-
nu Harpy3ky cnenuduueckoid PHK u tutpel undexuu-
OHHOTO BUpyca, ucnonb3ys [P u 3apaxenue kineToy-
HOH KyJIBTYPBL.

ABTOpPBI yCTAaHOBWJIM, YTO HauOOJbIIast KOHIICH-
Tpauusi BHYTPUKICTOUHBIX HH(QEKIMOHHBIX BUPYCHBIX

Sitio Oficial del Ministerio de Salud de El Salvador.

Available at: http://www.salud.gob.sv

Ministerio de Salud de la Republica de Panama.

Available at: http://www.minsa.gob.pa

Centro Nacional de Epidemiologia, Prevencion y Control

de Enfermedades. Available at: http://www.dge.gob.pe/portal
Direccion General de Vigilancia de la Salud (D.G.V.S.).
Auvailable at: http://vigisalud.gov.py/paginas/pag/Actua-
lizaciones-Epidemiologicas

National Environment Agency. Zika Cases and Clusters.
Available at: https://www.nea.gov.sg/dengue-zika/zika/zika-
cases-and-clusters

DenepanbHas ciiyx0a Mo Haa30py B cdepe 3aliuThl Mpas
norpedureneit u Onarononyuns yenosexka. PUA Hosoctu:
Wurepsbio pykoBoautens Pocriorpebuanzopa Auasl [TornoBoit
Ha BO®-2019. Pesxxum nomycka: https://www.rospotrebnadzor.
ru/press_service/publications/?ELEMENT ID=12605&sphrase
1id=1908651 (mara oopamienus: 04.09.2019)
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YacTull OblIa B KYJIBType KIETOK Vero; 10CTaTOuHO BbI-
cokass — B Huh7.5, COS7, 293T u A549; 3HaunTennHO
menbiiass — B N29.1 u SH-SYSY; camast Huskas —
B HaCaT. B xierkax CHO BupycHbIe yacTUIbI HE ObUTH
oOHapy>keHbl. BoIpakeHHBIH IUTONATOreHHBIN P PEKT
(LI12) nabnronancs B KyabTypax kieTok A549 u Vero.

Konnenrpauus ¢pparMeHTOB reHOMa BUpyca 3uka,
BBISIBIISIEMBIX BHYTPU KJIETOK M B CylepHAaTaHTE NpHU
WHOHULIMPOBAHUH STHX K€ BUAOB KICTOYHBIX KYIBTYP,
OKa3ayach MPUOIU3UTEIBHO OJIMHAKOBOM [15].

J.F. Chan c coasr. [16] ncnosis3oBanu 33 Buaa me-
PEBHUBAEcMBIX KYJBTYp KJIETOK OpPraHOB M TKaHEH pas-
nruHbIX Miekonutaronmx v ntuil: JEG-3, HEK, Hela,
HOSE®6-3, LNCaP, 833KE, SF268, RD, ARPE19, Hep-2,
Calu-3, HFL, Caco-2, Huh7, THP-1, U937, Raji, H9,
Vero, LLC-MK2, PK-15, MDCK, CRFK, TP2, 1929,
BV2,3T3, R28, RK3E, RK-13, BHK21, C6/36. /1151 us-
YUEHHUS YyBCTBUTEIBHOCTH KICTOYHBIX JIMHUH K BUPYCY
31Ka ObUIM MCTIOB30BAHbI U30JISITH IBYX T€HOTHIIOB:

* BbIZICJICHHBIH OT OosbHOrO B Ily3pro-Puxo
(mramm PRVABCS59) B HOxHolt AMepuke —
MIpeICTaBUTENb a3UaTCKOTO T€HOTHUIIA;

* W30JMPOBAaHHBIH M3 KPOBU 0O0E3bsHBI Makaka
pesyc B Yraune B 1947 1. (mmramm MR766) —
MpeACTaBUTEb BOCTOYHO-a()PUKAHCKOTO TEHO-
THMA.

AHanu3 pe3ynbTaroB TeCTUpoBaHMs 18 KieTod-

HBIX JIMHUN YeJI0OBEYECKOr0 MPOMCXOKISHHS MOKa3al,
YTO LITaMMbl BHpyca 3uKa, BbliejeHHble B HOkHOM
AwMepuke U B Yrauje, B TEYEHHE BCErO CpPOKa dKcIIe-
pumenTa (5 cyt) Bei3eiBanu LIID B 14 Bumax kinetod-
HBIX KyJBTYp: KJeTku TpodobnactoB nmuaun JEG-3,
KJIeTKH opraHoB MouenosioBoi cucrembl HEK, Hela,
HOSE6-3, LNCaP u 833KE, xiieTku HelpoMbIIIeqHOI
cuctembl SF268 u RD, kineTku snuTeus ceTyaTKuy IJia-
3a B3pocioro uenoBeka ARPE19, knetku opranoB abl-
xanust Hep2, Calu-3 u HFL, knetku aieHOKapLIUHOMBI
00onouHOH kuiKku Caco-2 M JIMHUS KIETOK rernaTokap-
LUHOMEI yenoBeka Huh7.

LIID nHa 3-if AeHb SKCHEpUMEHTa HaOIIOAAH
B 8 u3 14 xnerounsix kynsTyp: JEG-3, SF268, RD,
ARPE19, Hep-2, HFL, Caco-2 u Huh7. 3t0 koppenu-
pYeT ¢ AMHAMUKOW SKCIIPECCUH B KIIETKaX HECTPYKTYp-
HOTO BUpYCcHOro Oenka NS1.

Haubonee Boipaxenusii LI1D nabmronancs B
KyabTypax knerok JEG-3, SF268, RD, Caco-2 u Huh7
(>50% nopakeHHBIX KJIETOK B MOHOCJIOE).

B Tedyenue Bcero cpoka 3KcrepuMeHTa JereHepa-
THBHbIE U3MEHEHUsI PETUCTPUPOBAIH B 8 U3 15 Kietou-
HBIX KYJIBTYp HEYEIOBEYECKOTO IPOUCXOKICHUS: Vero,
LLC-MK2, PK-15, CRFK, RK-13, BHK21, DF-1 u
C6/36. PenpoayKiiyio BUPYCHBIX YaCTHUI] HE TCHEPUPO-
BaJIM KJICTKH, TIOJTyYCHHBIE OT MBIICH, KPBIC U JIETYIHX
Mbliei [16].

S. Ramos da Silva u coast. [17] unpunuposanu
KJeToyHble JuHUU 1ByMs adpukanckumu (IbH30656
n MR766) u nByms asumarckumu (PRVABCS59 u H/
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FP/2013) wutammamu Bupyca 3uka. YyBCTBUTENBHOCTD
KJIETOK-MHUIIIEHEH K BUpPYyCy 3WKa ONpeiessuld Mo Ha-
pacTaHuio TUTPOB BHPYCa B KyJIBType KIETOK, CHHTE3Y
cnennuUecKkux OENKOB B KYJBbType, a TaKxke I0 pe-
TUIMKAK BUPYCHOTO reHoMa. B pabote ObLn ncnons-
30BaHbl 14 KJIETOYHBIX JIMHUM Pa3inuyHOIO NMPOUCXOXK-
JICHHs, HO TOJBKO B KJIETKaX Vero aBTOpPBI PETHCTPH-
pOBaK 3HAYMTENBLHOE HApacTaHUE TUTpa BUpyca. Bee
JUHUAU KYJIBTYp KJIETOK YeJIOBEYECKOTO MPOUCXOXKIC-
HYSI, UCTIONIb30BaHHbIE B pa0bOTe, OBLUTH BOCIPUMMYHBEI
K HITaMMaM BHpyca 3uka, onHako kietku 293T u HeLa
MOKa3adu M30MpaTelbHyl0 BOCIPUHUMYHBOCTDH TOJBKO
K appukanckum 1mrammam. Kinerku 293T Ha BbICOKOM
YPOBHE 3KCIIPECCUPOBAIIN HECTPYKTYpHBIH Oenok NS1
a(hprKaHCKOTO IITaMMa, HO He O0enok NS1 azuarckoro
mramma. OUeBUAHBIX Pa3Iniuil B peITUKalUU BUPYC-
HOI'0 T@HOMA ATHX IITAMMOB He 0OHapyxkeHo [17].

K.L. Barr u coasr. [18] uccienoBanu cyrnepHa-
TaHTBI, coOpaHHbIE Yepe3 72 4 mociie MHPHUUUPOBa-
HUSl KJIIETOK BUpycoM 3uKa. Pe3ynbrarsl mokasaiu, 4To
KyabsTypsl kj1eTok WHC-17 u TB 1 Lu He Bocnipunmuu-
BBl K BUpYyCY 3MKa, 4TO OBLJIO MOATBEPIKICHO C TIOMO-
mpto [I1[P. BripakeHHyro perukanuio Bupyca 3uKa
HaOmonanu B Kynerype kietok OK B oTianume ot xie-
toK E.Derm, PK, FoLu, CRFK u LLC-MK2.

I. Vicenti ¢ coaBt. [19] u3y4wsin pEIIHKAIMIO
BUpyca B KYJIBType KIETOK KOoMapoB Ae. albopictus
(C6/36). B paboTe rcIoib30Baiu J[Ba a3UATCKUX MITaM-
Ma Bupyca: nepsbiid (uraMM SPH) Ob11 H301MpoBaH OT
OoNpHOTO YenoBeKa, BTopol (mramMm Mex 1-44) — u3
KOMapoB poaa Ae. aegypti, a Takxke JBa mrtamma ag-
pukanckoro npoucxoxaenusi (MR766 u IbH). Ycra-
HOBJICHO, YTO a)pUKaHCKUE U3O0JIATHI BUpYyca ObICTpee
permuuupyrores B kiaetkax C6/36, yeM B komapax poja
Ae. aegypti. llo nanueim K.A. Willard u coast. [20],
9T ITaMMBbI OKa3bIBajk Oosiee BeIpakeHHbldd LII1D B
KJIETKax Vero.

I. Vicenti ¢ coaBt. [19] u3yumin Takxe OJSIIKO-
oOpa3zoBaHue B KICTOYHBIX JUHUIX uenoBeka (U87,
A549, Huh7), komapos (C6/36) u o6e3bsiHbI (Vero E6).
B kynbrype kinerok Huh7 nabmonanu ¢popmupoBanue
Omstex Ha 3-i JeHb mocie MHQUIMPOBAHMS, a TaKKe
MaKCHMaJIbHYIO MPOIYKIIMIO BUpyca 3uka. B kynberype
kieTok C6/36 Ousiku pOpMHUPOBAITUCH MEIJICHHEE U B
MEHBIIEM KOJIMYECTBE MO CPABHEHUIO C JPYTUMH KIle-
TOYHBIMHU JINHUSIMH.

W3BecTHO, uTO BUpYC 3MKa MOXKET IepenaBaThCs
MOJIOBBIM IIyTEM, HO B HACTOSIIIEE BPEMsI MaJIO JAHHBIX
0 TUNAax KIJIETOK, MOJACPKUBAIOIINX PEIUIMKAIMIO BHU-
pyca 1 ero nepcUCcTEHINIO B PEIIPOLYKTUBHON CUCTEME
yenoBeka. A. Kumar ¢ coasr. [21] B 3TuX nemsix uc-
MOJIb30BAJIM JIBa OCHOBHBIX THMa KieTok (Cepronu u
Jleigura), mogaepxuBaroux cnepmarorenes [22]. o
Hayasa 3KCIIEPUMEHTOB IITaMMbl BOCTOYHO-a(hpHKaH-
CKOT'0 ¥ @3UaTCKOT0 T€HOTHIIOB TACCUPOBAIIH B KJIETKAX
C6/36 u TUTpOBaIM C MCIOJIH30BAHUEM KIIETOK Vero.
OKcnepuMeHThI ¢ KileTkamu Jleiaura mpoBouIn Io-
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CJIe OJIHOTO Taccaka B KYJbType, TOIJla KakK KJIETKH
Cepronu ObUIM B3ATHI B HKCIIEPUMEHT MEXIY 3—5-M
naccakaMu. DTHU KJICTOYHBIC JIMHUU ObLIH HMHQUIHU-
poBanbl adpukanckum (MR766) u amepukaHCKUM
(PRVABC59) mrammamu Bupyca 3uka. Ha ocHoBanum
MOJIyYEHHBIX JIAHHBIX aBTOPbI C/€Jalid BBIBOABI, YTO
kieTkn Cepronu Oosiee YyBCTBUTEIBHBI K BUPYCY, T.K.
Ha UX MOBEPXHOCTH HAXOATCS PELENTOPBI ceMENCTBa
TAM Axl, koTopble ONOCPEIOBAaHHO YCHJIMBAIOT pe-
TUTMKALMIO BUpyca 3UKa U MOJIEP>KUBAIOT €ro MepCcH-
CTEHTHOCTb B OpraHU3Me.
I. Vicenti u coasr. [19] ycTaHOBIIEHO, 4TO B TIep-
BUYHOU KJIeTOUHOM JiuHun CepToiau BUPYC aKTUBHO pe-
IUTMLMPYETCs B TedeHHe 6 HeJl, 4TO MPEeCTaBIsAeT UH-
Tepec JUIsl MOHUMAaHUS MEPCUCTEHIINHN BUpPYCa B MYK-
CKOU PENpOyKTHBHOMN CUCTEME. DTU PE3yIbTaThl ObLIH
MOJTBEPK/ICHBI paHee MPOBEAECHHBIMU HCCIIEOBAaHU-
MU Ha J1a0OpaTOPHBIX JKUBOTHBIX (MbImax) [23-25] u
in vitro Ha KJIETKaX yenoBeka [26].
Ha ocHoBe mony4eHHBIX JaHHBIX ObUTH CETIaHbI
BBIBOZIbI O TOM, YTO BBICOKasi BOCHPUUMYHMBOCTH KJle-
Tok Ceproiu K BUPYCY 3MKa MOXET CIIOCOOCTBOBATh
MIPOHUKHOBEHHIO BUPYyCa B IPOCBET CEMEHHBIX KaHaJIb-
LIEB, IJIUTEIHHO MOJIEPKUBATh PEIUINKALIUIO BUpYyca U
o0ecrieurnBaTh BO3MOXKHOCTB I€PEadyn BUPYCHOW HH-
(dexnuK MoJOBBIM MyTeM. B mepBUYHBIX KIETOUHBIX
muHusIX Jleaura cCKopocTh peruKanuyu BUpyca 3uKa
Obly1a 3HAUNTENIBHO HUKE, HECMOTPS Ha TO UTO B KCIIe-
pUMEHTaX Ha JJaOOPaTOPHBIX MBILIAX YCTAHOBJICH (aKT
pa3MHOXEHHs BUpyca B KJIETKax MOYENOJIOBOM cucTe-
MBI JKUBOTHBIX [26, 27].
B onnom u3 uccnenoBanuii [28] aBTOpbI U3ydanu
peruIMKanuio BUpyca 3uKa B KJIEeTKax MpecTaTeIbHON
skene3bl yesnoBeka. Oana nunus — 191 (ctpoManbHble
KJIETKH MPOCTaThl) — MOJy4YeHa M3 MPeACcTaTeIbHOM
JKeJe3bl 3I0pPOBOTO JIOHOpA, TPEICTAaBIseT coboi He-
TpaHc(OPMHUPOBAHHBIE CTBOJIOBBIC KIIETKH, MOACPKHU-
Batolue (GEeHOTHII IPU ACCUPOBAHUU B KYJIBTYpE B Te-
YEHUE HECKONIbKUX Mecsues [29]. Bropas nunus — 310
SMUTENUANbHbIE KJIETKH aJeHOKAapLHUHOMBI MPOCTAThHI
LNCaP u opranemnst npoctarsl 191, BbeNEeHHBIE IO
Metony [29].
B aTHX 3KcniepuMeHTax ObLIM UCTIONB30BaHbI TPH
M30JIsITa BUpyca 3UKa:
* FLR, Beiaenennslii B Kynsrype C6/36 u3 cbiBo-
poTku KpoBu yenoBeka B KoxymOuum B 2015 1.
[30];

* FLA, noiy4eHHbII U3 NEPBUYHBIX JEHIPUTHBIX
KJIETOK KpoBH OoinbHOTro Bo dnopupae, KOTOPbIi
Taroke 0buT nHpUIMpoBan B KomymoOuu B 2015 ;5

* HN16, BEIZICIEHHBIN OT 00ILHOIO B XLIOCTOHE,
mrar Texac, U KyJIbTUBUPOBAaHHBIM B KIIETKaX
Vero [31].

[TomyueHHble JaHHBIE CBUAETENHCTBOBAIN O TOM,
YTO KJIETKH IPECTaTelIbHON JKele3bl U JMUTEIHAIb-
HbIE KJIETKHM YeJloOBeKa PEeNnpoJyLUupyIlOT BHPYC C pas-
JIMYHOM aKTUBHOCTBIO PENpPONYKIUHN Y Pa3HbIX IITaM-

MOB. YCTaHOBJIEHO, YTO CTpOMaJIbHas Cpea SBIAETCS
ONTUMAJIbHOM sl peIUIMKalliyd BUpPYyca, YTO BHOCHUT
3HAUUTEIIbHBIM BKJIaJl B MOHUMaHHE MaToreHes3a nepe-
Jlayyl BUpYyca MOJIOBBIM IyTeM [32-34].

Bupyc 3uka u3-3a crocoOHOCTH 3apaxarh CTBO-
JIOBBIE KJIETKH HEHPOHOB-MPEALICCTBEHHUKOB SIBIISICT-
Csl IPUYMHOM MOSBJICHUS MATOJIOTHYECKUX MPOLIECCOB
B TOJIOBHOM MO3T€ Ha PAaHHUX CPOKaX Pa3BUTHS dIMOpHU-
ona. C. Kaid c coaBr. [35] u3yunnu BnusiHAEe BUpyca Ha
CTBOJIOBBIE KJIETKH Pa3JIMIHOTO MPOUCXOXKIACHUS:

1) xJIeTOYHbIE JIUHUN U3 SMOPHOHAIBHBIX OMyXO-
JIEBBIX KJIETOK LIeHTpajabHOi HepBHOM cucteMsl (LIHC):

* DAOY — menynnobnacroma;

* USP13-MED — mMenyminob6nacToma;

* USP7-ATRT — BHyTpeHHss aTUIIM4HAas Tepa-

TOWAHAs/PabOUAHAS OIYXOJIb;

2) KJIETKHU OIyXoiH, He cBa3aHHble ¢ [THC:

* MCF-7 — pak MOJIOYHOH KEJe3bl;

* HCT-8 — konopekTalbHBbIi pak;

* DU-145 — pak npeacrareinbHOM Kene3bl, KIeT-

KM ITOJTy4eHbl U3 METacTa3a B FOJIOBHOM MO3Te.

Jiss KOoHTponst ObUIM B3SITHI IUIIOPUIIOTEHTHBIE
CTBOJIOBBIE KJICTKH M HEHPOHBI, TIOJyYEHHBIE OT YeJo-
BEKa.

PesynbraTel uccienoBaHMs IOKa3ajld, YTO BH-
pyc 3uKa BBI3BIBAET 3HAYUTENBHOE CHIKEHHE POCTa
u rubens kinetok kyastyp DAOY, USP13-MED, BbI-
paxennsiii LD nabmonanu 8 USP7-ATRT. B undu-
nupoBaHHbIX Kynasrypax USP7-ATRT u USP13-MED
aBTOPHI PErHCTPUPOBANIM JIETEHEpalnio Oojee dYeMm
50% xkJ1eTOK MOHOCIO0S, a B Ky1sType DAOY — TobKO
40%. Penponykuus Bupyca B kietkax MCF-7 u HCT-8
OTCYTCTBOBAJIA.

Ha ocHoBe mony4eHHBIX JaHHBIX aBTOPHI clela-
JIM BBIBOJI, YTO BUPYC 3MKa, HApyIIas [1a3MaTHYeCcKyIo
MeMOpaHy 3MOPUOHANIbHBIX OMyX0JieBbIX KiieTok [[HC,
UHJYLIUpPYeT rudesb KieTok. Bee sMOpruoHanbHbIe Ormy-
XO0JIeBbIe KJIETKH, BelieneHnble u3 LIHC, renepuposanu
PENPOAYKIHMIO BHPYCHBIX YacTHUIl B BBICOKUX THUTpax
HauuHas ¢ 24 4 nocie 3apaxkeHus. beijo orMedueHo, 4to
4yepe3 72 4 3TH KIETKH [IPOLYLIUPOBAIH YK€ HETIOIHO-
LICHHBIC BUPUOHEI [35].

3aKknoyeHue

Bupyc 3uka MokeT WHQUIMPOBATH CTBOJIOBBIC
KJICTKH, YTO MPUBOJAUT K aHOMAalIbHOW U depeHu-
POBKE U TIOPOKAaM Pa3BUTHsI FOJIOBHOTO MO3Ta Ha paH-
HUX CpPOKax aMOpuoreHesa [36].
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JKonorunyeckne 0Co6eHHOCTN NepCnCTEeHU NN XONepHbIX BU6PNOHOB:
PeTpoCneKTNBHbIN aHaNn3 N COBpeMeHHOe COCTOAHMEe Npo6aembl

MeHbwmkosa E.A.®, KypbaToBsa E.M., TutoBa C.B.

®KY3 «PocToBCKUin-Ha-loHy NpOTNBOUYYMHbIV MHCTUTYT» PocnoTpebHaa3opa, 344002, PoctoB-Ha-[loHy, Poccus

B o630ope npencraBneHbl peTPOCNEKTUBHbIE AAaHHbIE O 6 MAaHOAEMUSX XOnepbl U COBPEMEHHbIE NPEeACTaBNeHUs
0 B030yauTene 7-n naHaemun V. cholerae El Tor, Bbi3BaBLIEM MaHAEMUYECKOE pPacnpoCTpaHeHue NHAEKLMM
¢ hopmMmMpoBaHMEM UCTUHHBIX CTOMKMX Y BPEMEHHbBIX MPOMEXYTOYHbIX 3HAEMUYHBIX Oo4aroB, obecnevmBaroLLmX
camoe AnuTenbHoe B NCTOpUK cyLlecTBoBaHme 6one3Hn. OgHO 13 BO3SMOXHbIX OObSACHEHWIA Takoro ANIMTENbHOIO
TeYEeHUs1 MaHOAEMUN XOnepbl CBSI3aHO C Ype3Bbl4aiHO BbICOKOWM NMAacTUYHOCTLIO reHOMa M pasBUTUEM psida npu-
CNocobuTenbHbIX peakLymin, KOTopble NO3BOMSHOT XONEPHbLIM BUOPMOHaM afanTUpOBaTbCA U COXPaHSATHCS B OKPY-
Xawowen cpege. C pa3BuTreM MOMEKYNAPHO-TEHETUYECKMX METOOO0B MCCneaoBaHUs YyCTaHOBMEHA CNOCOOHOCTb
XOnepHbIX BUOPMOHOB K (hOPMMPOBaHMIO BUOMNIEHKU, HYTO NMOBLILLIAET CTPECCOYCTONYMBOCTb, BO3MOXHOCTL pacnpo-
CTpaHeHWs MyTeM NpUKpeNneHns k abmotnyecknm (nnactuk) n buotuyecknm cyobctparam (300- 1 OUTOMNMAHKTOH).
O6pa3zoBaHve OMOMMEeHKN Takke HEenocpeacTBEHHO CBSI3aHO C MPEOAOSNIEHMEM aHTAarOHMCTUYECKOro AenCcTBUS
npeacTaBuTenein BoaHbIX akocucteM. ELlle ogHoN cTpaTermeit BbiXXMBaHUSI XONepHbIX BUOPMOHOB SIBNSIETCS nepe-
X0[, B HEKYNBTMBMPYEMOE COCTOSIHME, 06ecnevmBatoLLMIn HU3KUI YpOBeHb rmbenun nonynsummn. NpuBeaeHsl AaHHbIe
nuTepaTypbl O BO3MOXXHOM BIIUSIHUM NOBbILLEHUS TEMMepaTypbl BCNeACTBUE U3MEHEHUS KMMMaTa Ha BCMbILLKM XO-
nepsbl B Adppuke (OdemokpaTtundeckasn Pecnybnuka KoHro, Hurepusi, Avrona, 3umbabee, Cbeppa-fleoHe), KOro-Boc-
TouHOoW A3un (Taunang, Mananaus), LieHtpansHoi Asum (MakuctaH, AdradnctaH, Kaszaxcrax) n KOxxHon Asun (He-
nan). Ha ocHoBaHun nybnukaumin nocneaHnx neT AaH aHanu3 COBPEMEHHOro COCTOSIHUSA M3y4yaeMon npobnemsl
Ha TeppuTopun Poccuiickon degepaumm 1, B YacTHOCTM, B PocToBCKOM obGnacTu.

Knrodyesnie cnoga: xonepa; xonepHbil aUBPUOH, nepcucmeHyusi MUKpoopaaHu3mos; buorneHka, abuomuye-
cKue u buomuyeckue cybecmpamai; HEKYIbmusUpyemMble ¢hopMbl; memrepamypa.
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[l0BaHus.

KoHepriukm uHmepecos. ABTOpbI AEKNApUPYIOT OTCYTCTBUE ABHBLIX U MOTEHUMANbHBLIX KOH(IIMKTOB UHTEepe-
COB, CBSA3aHHbIX C MybrukaLumen HacTosLeln cTaTbu.
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Ecological features of the persistence of Vibrio cholerae:
retrospective analysis and actual state of the problem

Elena A. Menshikova™, Ekaterina M. Kurbatova, Svetlana V. Titova

Rostov-on-Don Antiplague Institute, 344002, Rostov-on-Don, Russia

The review presents retrospective data on six cholera pandemics and current views on the causative agent of the
seventh pandemic V. cholerae El Tor, which caused a pandemic infection with the formation of true persistent and
temporary intermediate endemic foci that provide the longest pathogen circulation in the history of the disease.
One of the possible explanations for such a long course of the cholera pandemic is associated with an extremely
high variability of the genome and the development of a number of adaptive reactions that allow cholera vibrios to
adapt and remain in the environment. Due to the development of molecular genetic research methods, the ability
of cholera vibrios to form biofilms which increases stress resistance, the ability to spread by attachment to abiotic
(plastic) and biotic substrates (zooplankton and phytoplankton) has been discovered. Biofilm formation is also
directly related to overcoming the antagonistic action of members of aquatic ecosystems. Another strategy for the
survival of cholera vibrios is the transition to an uncultured state that proves a low level of death in the population.
Published data on the possible effects of temperature increasing due to the climate change on cholera outbreaks
in Africa (Democratic Republic of the Congo, Nigeria, Angola, Zimbabwe, Sierra Leone), Southeast Asia (Thai-
land, Malaysia), Central Asia (Pakistan, Afghanistan, Kazakhstan) and South Asia (Nepal) are overviewed. Based
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on the publications of recent years, an analysis is made of the current state of the studied problem in the Russian

Federation and, in particular, in the Rostov region.

Keywords: cholera; cholera vibrio; persistence of microorganisms; biofilm; abiotic and biotic substrates;

non-cultivated forms; temperature.
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BBepeHune

[lepBble ynmomMuHaHus O Xojepe BOCXOAAT K Bpe-
meHaM [munmokpara u Byauel, a MoxeT ObITh, 1 Oonee
panauM. CoBpeMeHHass MCTOpHUS XOJepbl Hadalach
B 1817 . B astoT mepuon ObLia 3aperucTpupoBaHa
BCIIBIIIKA AMHMIeMUU B HIMH, KOTOpasi BIIOCIEICTBUU
pacnpoctpanwiach 1no BceMy MHauickoMy KOHTUHEH-
Ty ¥ OblIa onpejeNieHa Kak MepBasi MaHAEeMHsI XOJIepbl
B lOro-Bocrounoit Asun. B Teuenune XIX B. 3aperu-
CTpUpOBaHO 6 MaHJIEMHUI XOJephl, 3aKOHYUBIINXCS B
1923 . u pacnpoCTpaHUBIIMXCS B OCHOBHOM B CTpa-
Hax, pacnoiokeHHbIX B FOKHOM nonymapuu, a Takxe
B EBpone u Cesepnoii Amepuxe [1]. o HacTosiero
BPEMCHHU HE JOLUIM CBEACHUS, KAKUM BO30yIHUTEIEM
ObLIM BBI3BAHBI MEpBbIC 4 MaHACMUU, TOTHA KAK S-S
U 6-s1 ObUM BbI3BaHBI Vibrio cholerae O1 ceporpyn-
bl KJIaccuyeckoro ouorapa. B 1961 1. B MnpoHe3un
Hayajachk 7-s MaHJEeMUs, KOTopas 3aTeéM paclpocTpa-
HWiIach Ha MHauiickuil cyOKOHTMHEHT W bBumkHUi
Bocrok, a B 1970-x rr. nepemectuiiack B AQpuUKy U
B Hauane 1990-x rogoB mocturna KOxxHoit Amepuku
[2—4]. OTa nanaemMus Xoyepsl, KOTOpas MPO0JIKAETCS
yke Oosiee MoJyBeKa, OTIMYACTCS OT MPEALIECTBYIO-
HIMX HOBBIM BHJIOM BO3OYIWTEINsl, KOTOPBIH BBI3bIBA-
€T TPY/HO JAMATHOCTUPYEMBbIE CTEPThIE KIIMHUYECKHE
(GopMbl M OOJIBIIOE KOJIMYECTBO BUOPUOHOCHUTEIIb-
CTBa, YTO O0YCIIOBIMBACT LIMPOKOE PACIPOCTPaHEHHUE
3a0oJieBaHKs Ha BCce 0OMTaeMble KOHTHHEHTHI 36MHO-
ro mapa ¢ GopMHUPOBaHUEM BPEMEHHBIX TPOMEKYTOU-
HBIX ¥ UICTUHHBIX CTOMKUX SHIEMHYHBIX 04aros, o0e-
CIIEYMBAIOIIMX CaMO€ MPOJOJKUTEIBHOE B HCTOPHUU
cyiiectBoBanue 0osesnu [S]. Benbliiku xonepsl uMe-
mu mecto B Kapubckom Gaccerine, KOxHOl AMepuke,
Adpuxke, IOxnoit A3uu u Ha bnmxknaem Bocroxke. Xotst
0 CIIy4asx XoJIepbl 4aCTO HE COO0LIaeTcs, IO OLEHKaM
BO3, B Mupe exeronHo peructTpupyercst 3—5 MIiH ciy-
yaeB 3aboneBanus [6—10].

C 1992 r. ¢ mosiBJIEHHEM HOBOTO BO3OYAMTEINST —
xonepHoro BuopuoHa (XB) 0139 ceporpymniisl (ramMm
Benrax), BbI3BaBuIero ciy4yau 3a00fieBaHUSI B pAJe
CTpaH A3MHM, CUTyalus 1o XoJjepe ocioxkHuiack. Co-
BPEMEHHBIM TMepHuos 7-i MaHIeMHU XOJephbl 00yCIOB-
JIEH B OCHOBHOM T'€HETHYECKH U3MEHEHHBIMH BapHaH-
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tamu V. cholerae El Tor, npoayuupyrommuMu TOKCUH
KJlaccuueckoro ouosapa XB ¢ Oomnee TSHKENbIM KITMHU-
YEeCKUM TE€UYEHHEM 3a00JIeBaHMsI M BBICOKUMH TIOKa3aTe-
JISIMHM JIeTaJIbHOCTH [4-9].

Cy1ecTByeT MHOXKECTBO THIIOTE3 O MPUYMHAX Ta-
KOTO JUTUTENBHOIO TeyeHus nma"aemMuu. OJHH aBTOPBI
YTBEPKAAIOT, YTO 3TO CBA3aHO C YPE3BBIYANHO BBICOKOU
IJIACTUYHOCTBIO T€HOMA M Pa3BUTUEM PsAJia IIPUCIIOCO-
OMTEIILHBIX PEaKIUi, KOTOpbIe MO3BOIISIIOT XB aganTu-
pOBAThbCS U COXPAHATHCS B OKpYIKAaIOLIEH cpene, nepe-
JKMBaTh CTPECCOBBbIC (PAKTOPBI, TAKUE KAaK HEIOCTATOK
MUTaTENbHBIX BEILECTB, KOJeOaHUsI COICHOCTH BOIBI U
TeMIlepaTypbl, HEOOXOIMMOCTb 3aIIUThI OT XUIIHBIX I'e-
TepoTpo(HBIX NPOTHCTOB M OakTeprodaro. OnHa U3
crpareruii BebkuBanusi XB — a3to hopmupoBanue 6uo-
IIJICHKHU, KOTOPOE aCCOLIMMPYETCS € MOBBIILIEHHON CTpeC-
COYCTOMUYUBOCTBIO, PACILIUPEHUEM JOCTYIIA K [TUTATENb-
HBIM BEILIECTBAaM U HCIIOJIb30BaHUEM €€ B KaUeCTBE CPEl-
CTBa JUIsl paclipoOCTPaHEHUs], KOTa BO30OYAUTEIb XOIEPhI
MIPUKPEIUISIETCS K YKUBBIM MOOMIILHBIM X03sieBam [ 10].

OcCHOBHas YacTb

M. Sultana u coast. [11], npoBojas ucciea0Ba-
HUS TOBEPXHOCTHBIX BOJOCMOB, MPHUIIUIM K BBIBOMY,
YTO OMOIUICHKH SIBJISIIOTCSI CPEACTBOM IEPCUCTCHIIUU
U HEOTHEMJIEMOH YaCThIO TOJOBOTO KU3HEHHOTO IIHK-
na XB B bannmagem. ITpoBoass MOHUTOPUHI IOBEPX-
HOCTHBIX BOJJOGMOB B TEUCHHUE rOfa, aBTOPHI YCTAHO-
BWJIM, YTO B BECEHHE-JIETHUI nepuo XB Haxonarcs B
IJIAHKTOHHOM (hopMe, U 3TO COBIAJIACT C €KETOIHBIMU
CE30HHBIMU BCHBIIIKAMU XOJIEPHl B JAHHOM PETHOHE.
B mexosnunemuueckuil nepuon XB coxpasstoTcs B
(hopMe OHMOTUICHKHU, IPUKPEIUICHHBIC K IJIAHKTOHY WM
JpyTUM CcyOcTparaM, a TaKKe B HEKYJIBTUBUPYEMOUH
dhopme (HD) [11]. Ilepexoa oT CBOOOAHOTO IIaBaAHHS
K MPHUKpEIICHHOMY 00pa3y u3nu [12, 13] ycunusa-
€T TPUPOJHYI0 KOMIIETEHTHOCTh M TOPU3OHTAJIHHBIN
IepeHoc reHoB [ 14], a Takke 00eCcreYrBaeT MOBBIIICH-
HYIO 3alUTy OT XUIIHHUKOB [15]. OguuM u3 Haubosee
9KOJIOTHUECKU BAKHBIX CYOCTPATOB SIBIISICTCSI XHUTHH.
V. cholerae, xax v OOJILIIIMHCTBO MPEICTaBUTENCH ce-
MeiictBa Vibrionaceae, — XUTUHONUTHYECKUI MUKPO-
opranu3M. OH 00JIaZlaeT HECKOJIBKUMH KOHCEPBaTHB-
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HBIMU T€HAMH, TPOAYKTHI KOTOPBIX MO3BOJISIIOT OakTe-
PHUU IPUKPEIUIATHCS K XUTUHY U pasnarats ero [16, 17].
Opnum u3 HuX saBiasercs N-auetuirmoko3amud (Gle-
NAc/NAG) — naunbonee pacnpocTpaHEHHBIH opra-
HUYECKUI NIOJUMED B IIPUPOJAE U OTIUYHBIA UCTOUHUK
yrinepoza st 6akrepuii [18]. B cBsaspiBanuu V. choler-
ae ¢ xutuHoM yudactByeT GlcNAc-cBsi3biBatomuii Oe-
nok (GbpA) [19, 20], a Takke MaHHO304YBCTBUTEIIb-
Hbli remarmiroTuHIH (MSHA), KoTOpbIi ipeacTaBiseT
coboit i 1V Tumna [21]. Kpome Toro, TokcuHKOpe-
rymupyembie wiu (TCP), seistroiuecs Gpakropom Ko-
JIOHW3AllUM KUILIEYHOTO 3IUTENHS YEeJIOBEKa, UIPaoT
OTIPEJICIICHHYIO POJib B accouuanuu ¢ XxutuHom. TCP
HEOOX0oaUMbI Ut JuddepeHuranid TpUKperuieHHOR
OMOMIeHKH, T.K. Y Hean(hdepeHIMPOBaHHOH OMOIIIeH-
ku B orcyrcTBUe TCP cHMKaeTcs CTeneHb dKoIoruye-
CKOM aJlanTalMy 3a CYeT TOro, YTo OHA MeHee 3ddek-
THUBHO paszjaraer XuTuH [22].

Ilocrne mepBoHayalbHOIO MPUKPEIUIEHUS K IO-
BepxHocTH XB QopmupyoT «MarpuyHble, MOBEpX-
HOCTHO-CBSI3aHHBIE COOOILECTBa», WJIH OHOIUICHKY.
Ob6pazoBanue OuomneHku V. cholerae ycunuBaetcs
MOOWIBHBIME THIIsIMH [V Tuma, XTyTHKaMH U TPO-
JOyKLUEeH MaTpukca OMOTUICHKH, Vibrio-monucaxapuna
(VPS) [12]. VPS yyactByeT B UMMOOWIIN3AIINHU KIICTOK,
(hopMHPOBaHMHM MHUKPOKOJIOHMH W CO3pEBaHHU OHO-
ieHku [23, 24]. Beicokuil 1 HU3KUH YPOBEHb IIPOTYK-
uuu VPS omnpenensier TUIBI KOJIOHUM — PYTO3HBIN U
[JIaJJKUI COOTBETCTBEHHO, PUYEM PYTO3HBIA THI 00-
nanaer Oojee CHIBHBIM 3aIUTHBIM MEXaHH3MOM II0
OTHOILEHHUIO K pa3lM4YHBIM CTpeccaMm, B TOM 4YHCIE K
xJyopy [25-27], nuskomy pH, ocmoTnueckomMy U OKcH-
JaTUBHOMY CTpPECCY, aHTUOAKTEpUAIbHON CHIBOPOTKE,
JoAeuuICcynbdary Harpus, ¢araMm H reTepoTpodHBIM
npotuctaM. Baxknocts VPS s 3amutel XB B okpy-
JKarolle cpeje Moka u3ydeHa ciiabo, OmyOJIMKOBaHO
HECKOJIbKO paboT 0 pacrpocTpaHeHU! Pyro3HelXx XB B
3aBUCUMOCTH OT Pa3JIMYHBIX SKOJIOTUIECKUX (aKTOPOB
okpykatolieit cpeast [28-30].

B coBpemeHHOM Mupe CylliecTBYyeT HOBasl Ipo-
01eMa — MOBCEMECTHOE UCIOJb30BaHUE MCKYCCTBEH-
HBIX MOJUMEPOB (OKOJIO 35 KI' MJIACTHKOBBIX OTXOJOB
MIPUXOANUTCS Ha KaXJI0TO YeJIoBeKa eXKeroiHo). B cBsi3u
C 9TUM OTPOMHOE KOJMYECTBO IIACTUKOBBIX OTXOJOB
nomajiaeT B BOAbl MupoBoro okeana. Takoil oObem
ITACTHKOBBIX OTXO/IO0B CIIOCOOCH U3MEHUTH HKOJIOTHIO
BOJIHBIX MHKpoOuoneno3oB. B 2013 r. E.R. Zettler u
COABT. BBEJIM HOBBIM TEpMUH — IuacTuchepa — JUIs
0003HaueHHs I00ATFHOrO MaclTada 3Tol MpoOIEMBI
[31]. HenaBuue uccnemnoBaHusi MO3BOJIWIM OPUCHTU-
POBOYHO OLIEHUTH CTENEHb 3arps3HeHus MupoBoro
okeana. [lo manubpIM 24 >KcHenUUUNA, TPOBEICHHBIX B
cyorponmueckux peruonax B 2007-2013 rr., B MOpSIX
OKeaHax IulaBaeT NpUOIU3UTENbHO 4,5 TpiH (parmMeH-
TOB IUIACTHKA Pa3INYHOIO pa3Mepa CyMMapHOil Maccoit
cBplle 250 ThIC. TOHH. YCTAHOBIEHBI 30HBI MOpEH U
OKEaHOB, COJIeprKalllie MOBBIIIEHHOE KOJIMYECTBO Pa3-
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JUYHBIX [UIaBAIOMIKX (DOPM MIACTUKOBOIO MycCOpa, Tie-
PEHOCUMBIX OKCAHUYECKUMHU TeUeHUsIMH [32].

WccnenoBanus nociaeaHuX JIET MOKa3aid, uTo XB
O1 u 0139 ceporpynm, copepxaiiye I'eH XOJIepHO-
ro TOKCHHA, HE TOJILKO CHOCOOHBI aAre3MpoBaThcs Ha
MOBEPXHOCTH IIJIACTUKOBOI'O MYyCOpPa, HO U B COCTaBe
OMOIIJICHOK YCTOMUMBBI K MHTHOUPYIOLIEH aKTHBHOCTH
ITaMMOB-KOHKYPEHTOB (HETOKCUTEHHBIX BHOPHOHOB
U JPyTUX TeTepOSIOTHYHBIX MUKpOOpraHusmon) [33].
VY4uThIBasi CIOCOOHOCTH TOKCUTEHHBIX XB (hopmupo-
BaTh OMOIJICHKY Ha TMOBEPXHOCTH IUIACTUKOBOTO MY-
copa Jake B MPUCYTCTBUU LITAMMOB KOHKYPEHTHOM
MHUKPOQIOPHI, MOXKHO MPEIIOI0KUTb, YTO TUIABAIOIIUE
IUIaCTUKOBBIE (pparMeHTsl (mactucdepa) B MOpSIX U
OKeaHaX B JIOTIONHEHUE K YK€ M3YUYCHHBIM (paKTopam
MOTYT CIY>KUTb JUIs1 (JOPMUPOBAHHUS HOBOH SKOJIOTHYE-
CKOM HUIIH, B KOTOpOi XB He TOJIKO COXpaHATCs, HO U
pacrnpocTpaHATCcs BogaMu MHpOBOTro OKeaHa B HOBBIE
PETHOHBI C BEPOSITHOCTHIO (DOPMHUPOBAHUS IHACMUY-
HBIX 0UaroB xonepsl [34].

Eme onHuM  ajanTalMoOHHBIM — MEXaHU3MOM
V. cholerae, nanpaBneHHbIM Ha MepeKUBaHue HeOna-
TOIPUATHBIX YCJIOBUW M IIOBBILIEHUE HKOJIOTMYECKOU
TUTACTUYHOCTH, SIBIISIETCS KOHBEpPCHsl OAaKTepHil B JKU3-
HECIOCOOHOE, HO HEKYJIETUBUPYEeMOe cocTosiHue [35].

B ominume OT KIETOK, HCIBITHIBAIOIINX HEOOXO0-
JUMOCTb B KaKOM-JTHOO KOMIIOHEHTE CPEAbl, KJIETKU
H® He pacTyT Ha UCKYCCTBEHHBIX IIUTATEIbHBIX CPE-
JIaX, KOTOpble OOBIYHO MCIIONB3YIOT AJISl pOCTa, YaCTO
OHM MEHbILIE B pa3Mepax, HO OCTaloTCs MeTadoIrye-
CKU aKTUBHBIMH [36]. DaKTOPHI, BHI3BIBAIOLINE TIEpE-
xon V. cholerae B H®, BkirovaroT nepenajabl TemMiepa-
TYpBbI U COJIEHOCTH, @ TAK)KE OTCYTCTBUE MUTATEIbHBIX
Bemiects. XB B H® Obuin oOHapykKeHbl Ha MOBEPX-
HOCTH PakooOpa3HBIX W BOAOPOCICH B IJIAHKTOHE U
OeHTOCe, MPUCOCAMHEHHBIMU K KJaJKe UL XHUPOHO-
MU/, a TaKKe B3BEIICHHBIMU B OaKTEPHOIUIAHKTOHE.
Baxnoctb coctosaus HO B 31uaeMU0JIOrUU XOJIEPHI
Obl1a mokazana A. Mishra u coaBt. [37], B ucciiejoBa-
HUSIX KOTOPBIX BUPYJIIEHTHOCTB U CIIOCOOHOCTH K KOJIO-
Huzanuu coxpansanuck XB B HO, nukyOupoBaHHBIMHI
B IPECHOBOJHBIX MHUKpoKkocMax. CylecTByeT MHO-
JKECTBO YCJIOBUM, KOTOPBIE BbI3BIBAIOT IEpexo] XB B
H®, onHako MMeEOTCS 1 MHOTOYUCIICHHBIE (PaKTOPHI,
Onarogapsi KOTOPbIM IPOUCXOAUT MOJHOE BOCCTAHOB-
JeHre (QYHKUUU POCTa, HAPUMED MOBBIIICHHE TEM-
neparypbl WK yBEJIMYEHUE KOIMYECTBA MUTATEIbHBIX
BemiectB [37].

OKCIIepUMEHTAIbHO YCTaHOBJIEHO, YTO KBO-
pym-cencunr (QS) — ato perynsitop nepexona B HO.
[Tokazano, uro nepexon XB B H® npeanonaraer ¢op-
MUpOBaHUE OHOIUIEHKH, perynmupyemoir QS. B coor-
BETCTBUM C ATUMH pesyibraramu kietku HD u3 no-
BEPXHOCTHBIX BoJ B baHrnajem ObuTi BOCCTaHOBIICHBI
C IOMOIIBIO NPUPOAHBIX MIM XMUMHUYECKH CHUHTE3U-
poBanHbix ayTouHaykTopoB QS. Ilocme 4-5 u mpe-
ObIBaHUSI B cpelax C A00aBlIeHUEM ayTOWHIYKTOPOB
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MOKa3aTeNl KOJOHMEeOOpa3yroluX eIWHHI ObUIH BbI-
cokumu [38]. HekoTopbie KIETKH B COCTOSIHUU TOKOS
cooOmiecTBa cirydyaifHbIM 00pa3oM NpoOyKIA0TCsl «OT
CIISTYKM» U TPH OJaronpHUsATHBIX YCJIOBUSX pacTyT [38,
39]. Bo3MOXHO, 3TH BOCCTAHOBJICHHBIC KJIIETKH MOKHO
CPaBHUTH C «pa3BeAUUKaAMU», MPOBEPSAIOLIUMH YCIIO-
BUS OKpyKarolei cpenpl. Ecim sxonornueckue akro-
PBI HE COOTBETCTBYIOT OJarONPHUATHBIM YCIOBHUSIM IS
pasMHOXKeHHsT KIeTOK XB, TO «pa3BequuKu» THOHYT,
T.€. orubaer Juib HeOOJIbIIas A0 nomyisiun. Og-
HAKO €CJIM YCIIOBHSI ONaronpHsTHbI, TO reHo(oH I ycu-
nuBaeTcs U noxpaepkusaercs. Takum oopazom, HD sB-
JISIFOTCSL CTpaTerueii, 00ecreunBaroliell HU3Kui ypoBeHb
ru0eId MOMYJSIIUK, YTO TO3BOJISIET OAKTEPHSM JI0JITO
OCTaBaTbCsl B COCTOSHUM IOKOSI B OKpY’KAIOLIEeH cpere
[38] 1 moTeHIMaNbHO MOTHOCTHIO BOCCTAHOBUTHCS TPHU
MOJTY4YE€HUH COOTBETCTBYIOIIETO CUTHAJIa [OCTIe IPOBep-
KU CpeJibl OTACIBHBIMH KIIETKAMHU, YTOOBI BIIOCIIEICTBUH
pacTH mpu GIaronpusATHBIX yCIOBUAX [39].

Hpyras Bepcust Takoro JAJINTEIbHOIO TEYEHUs 7-U
NaHJEeMHUU CBsi3aHa ¢ W3MeHeHueM kimmara. Oobenu-
HEHHOM MEXIIPAaBUTEJIbCTBEHHON IPYIIION KIMMAaro-
JIOTOB 3aperuCTPUPOBAHO IOBBIILIEHUE CPEAHEH TeM-
nepaTypsl BO3/1yXa HaJl MOBEPXHOCTBIO CYIIIN U OKeaHa
Ha 0,85°C (0,65-1,06°C) 3a nepuoz ¢ 1880 mo 2012 r.
K xonmy XXI B. (2081-2100 rr.) o’kuaercs, 4To cpes-
Hssl TeMIlepaTypa Ha IJJaHEeTe MOXKET YBEJIHYHUThCSA Ha
1,5°C (otHOcutensHo 1850 1), 4TO MPUBEAET K MOBLI-
HIEHHI0 YpOBHS MupoBOro okeaHa Ha 1 MM B roj B
teuenne XXI B. [40, 41]. [loBeiieHHasT TeMIepaTypa
BIIUSIET Ha CBA3b XB ¢ XUTUHOBBIM 300IUIAHKTOHOM.
IIpu Temmneparype Bbime 15°C mpucoenvHeHHe K XU-
TUHY 3HAYUTEIBHO BO3PACTAET 3a CUET IOBBIIIECHUS
skcnipeccun MSHA-nuneit u ¢axropa KoJOHH3aLUU
GbpA [20]. M. Blokesch u coast. [42] skcniepumeH-
TaJbHO MOKAa3aliu, 4T PocT V. cholerae Ha moBepxHO-
CTH XUTHHA HHIYLHPYET CIOCOOHOCTh K €CTECTBEHHOM
TpaHchopMaluK Al BHYTPUBHIOBOTO TEHHOTO 00Me-
Ha. Konebanus TeMmneparypsl u3-3a CE30HHBIX U3MCHE-
HUI Ha SHJIEMUYHBIX TEPPUTOPUSIX MOTYT IPUBOIUTH
K YBEJIMUYEHUIO MUHEpAIU3allMU PEK U 3CTyapHeB, 4TO
NPUBOMT K YBEIWYCHUIO YHCIIA CIy4aeB 3a001eBacMo-
cTH xonepoit [43]. B npupoaHbIX BogoeMax BaKHBIMU
¢dakropamu juist iepexona V. cholerae non-O1 B Ol
CEpOrpymIly SIBISIOTCS (PU3MOIOTHYECKOE COCTOSHUE
KJIETOK, TEMIIepaTypa 1 COJIeHOCTh [44].

OKCHepUMEHTAJIBHO JI0Ka3aHO, YTO THIIEPOCMOTH-
YeCKMH CTpecC B COYETAaHUM C MOBBILIIEHHBIMU TEMIIE-
parypamu pocra (Bbime 30°C) yBennurBaeT NpoAyKIHIO
3aIIMTHOTO TUTMEHTa MeJIaHUHA, KOTOPBIH oOecreurBa-
er yctoitunBocTs XB K ynsTpaduonery [45, 46].

AHOMaJBHO KapKoil MOrofoN BCIEICTBUE HU3MeE-
HEHMSI KIIMMaTa TaKke OOBSICHSIOT BCHBIIIKHA XOJICPBI
B Henaue, Ilakucrane, Tannanne, Adranucrane, Ma-
naitzun, Creppa-Jleone, /lemoxparuueckoii PecrryOmnu-
ke Konro, Hurepuu, Anrone, 3um6abBe u Kazaxcrane
[47, 48]. Ilocne cumpHOTO 3eMieTpsiceHUs] Ha autu

MIPOM3OIIENT 3aHOC XOJIEPHI C MOCIEAYIONUM pa3BUTHU-
eM anujemMuu. B nepuon, npeauecTBoBaBUIMI 3aHOCY,
CpeIHss TemIeparypa BO3yXa U KOJIMYECTBO OCAIKOB
3HAYUTEIBHO MPEBBIIAIN CPEHUE 3HAYEHUS JIIs ITO-
IO pPEeruoHa, B pe3ysbTaTe Yero MpOU30III0 MacCOBOE
pasBuTHEe (UTO- U 300IUIAHKTOHA, KOTOPBIC YUaCTBYIOT
B COXpPaHEHHM, PACIHPOCTPAHEHUH M HBOJIOIMOHHBIX
nepectpoiikax XB B okpyxkaromei cpene [49]. Kpo-
Me TOr0, MaccoBbIe 3a0oneBaHus xonepoit Ha ['autu, a
TaKxke B cTpaHax AQpuku U A3uM BbI3BaHBI TeHETHYC-
CKU U3MEHEHHBIMHU (aTUMUYHbIMKA) XB ¢ MOBBILICHHOH
BHUPYJIEHTHOCTBIO U BBICOKHM JMHIEMUYECKUM MOTEH-
LMAJIOM, KOTOpPbIE MOCTENEHHO BBITECHUIN TUIINYHbBIE
ITaMMbl TPAaKTUYECKH BO BCEX pErMoHax mwupa [6,
50-53].

OCHOBHOE OTJIMYUE TEHETHUYECKH HM3MEHEHHBIX
(aTMMUYHBIX) MTAMMOB BO30YIUTEINS XOJIEPhl COCTOUT
B MOBBIIIEHHOM YPOBHE BUPYJIEHTHOCTH, YTO BbIpaka-
eTCsl B TSDKENBIX KIMHUYECKUX Gopmax 00JIe3HH, 4acTo
C JIeTaJbHBIM HMCXOIOM. Pa3nuuus B BUPYIEHTHOCTH
MEX/1y TUIUYHBIMM M TE€HETHYECKH HW3MEHEHHBIMU
LITaMMaMH IPEXk/IE BCETO CBSI3aHbl C Pa3HbIM YPOBHEM
MPOIYKIMH HMMH KIIOYeBOTrO (pakTopa BHUPYJIECHTHO-
CTH — XOJIEPHOTO TOKCHHA, BBI3BIBAIOIIETO Pa3BUTHE
OCTpO¥ Mpody3HOI TUapen U cocTosIero u3 1 cyone-
nuHulel A u 5 cyosenunun B. [lossimenue B 2—10 pas
MPOAYKLIUU XOJEPHOTO TOKCHHA Y TEHETHYECKHU M3Me-
HEHHBIX IITAMMOB 10 CPaBHEHHIO C TUIHUYHBIMH OOY-
CIIOBJICHO OCOOEHHOCTSMHU CTPYKTYPBI U (YHKIHH HX
npodara CTX@, Hecywiero reHsl ctxAB, kogupyomue
XOJIEPHBII TOKCHH. Y TUIMHMYHBIX IITAMMOB B HYKJEO-
TUAHOM TOCJIE0BAaTENLHOCTH T€Ha cfxB, Koaupyrolle-
ro B-cyObeanHuIly XOIEPHOTO TOKCHUHA, MPUCYTCTBYET
tumuH (T) B mo3unusax 115 u 203, Torma kak y reHe-
TUYECKH M3MEHEHHBIX — 1uTo3uH (C), UTO Xapakrep-
HO JIJIsl KJIacCUYeCcKoro ouosapa V. cholerae — Bo30y-
JUTENS MPEAbIAYIIMX NaHAEMUM a3UaTCKOM XOJIEpBI.
Cunraercs, 4To B pe3yJlbTare T'OPU3OHTAJIBHOTO Iie-
peHoca reHoB ot V. cholerae knaccuueckoro Ouosapa
B KJICTKM THIIMYHBIX IITaMMOB V. cholerae GuoBapa
El Tor BO3HMKIM BBICOKOBHPYJCHTHBIC TC€HETHUECKU
M3MEHEHHbIE IITaMMbl. BriepBble Takue mramMmbl ObLITH
Boigenensl B banmanem B 1991-1994 1. ot 00IBHBIX
BO BpeMs snuaemun xonepsl [54]. K Hacrosimemy Bpe-
MEHH Il TeHETHYECKH U3MEHEHHBIX IITAMMOB BO30Y-
JUTENS XapaKTepHO TII0OAIbHOE PaclpOCTpaHEHUE B
mupe. [losiBieHHe aTUNUYHBIX LITAMMOB, BO3MOXKHO,
TaK)Ke CBSI3aHO C MOBBIILIEHUEM TEMIIEPATYPhl BOJBI B
CBSI3U C U3MEHEHUEM KJIMMaTa.

Ha Ttepputopun Poccun »>nupocioXKHEHus 110
X0Jepe 3a Iepuon 7-i maHAEMHUM XapaKTEPU30BAIUCH
3aHocaMu MH(peKunu 0e3 NoCIeayIOIero pacnpocTpa-
HeHus Bo30yuTenst [55], onHako TeMreparypa Ha Tep-
putopun Poccun 3a mocnennue 100 et u3-3a robdaib-
HOTO MOTEIUICHUsI TIOBhIIIanack B 1,5-2 pasza ObicTpee,
4YeM B IpYrux yrojkax miaserst. [To nporunosam 'mapo-
meTueHTpa Poccun, ocHoBHas vacTh cTpanbl B X XI B.
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«OyzieT HaxoIUThCS B 00JacTu 0oJiee 3HAUUTEIILHOTO
MOTEIICHUs»; O olleHKaM B 2017 1., «cpeaHsiss MUpo-
Basi CKOpOCTh noTterieHus kaumara — 0,17 rpagyca 3a
10 net. Ha eBpomneiickoii Tepputopun Poccun sta cko-
poctb B 3 pa3za Ooubiiie u gocruraer 0,54 rpamyca 3a
10 net». Takum obpaszom, yxe uepe3 20 jneT cpenHss
TeMIIeparypa B CpeJHel Mojioce MOXKET BhIpacTu Oojee
yeM Ha 1°C [56].

IIpn aHanu3e MHOTOJETHUX JAHHBIX 10 MOHHU-
TOPUHI'Y KOHTaMuHauuu XB IOBEpXHOCTHBIX BOJOE-
MOB OTMEUEHO, YTO HauboJblIee KOJIUYECTBO IITaM-
MOB DPa3IMYHON SMUA3HAYUMOCTH OBLIO BBIJIEICHO
B IOxHOM (enepasibHOM OKpyre, a MO KOJIUYECTBY
BblJIeJIeHHBIX ITaMMOB XB n3 pex Temepnuk u JloH
PocroBckas ob6nacte 3ansuia 2-e mecto [57]. Corpyn-
HUKH POCTOBCKOTO MPOTHBOYYMHOTO MHCTUTYTa IMPHU
MIPOBEJICHUH PETPOCIEKTUBHOIO aHallh3a BIMSIHUS
TeMmrnepaTrypsl Ha BbaeneHue XB 3a 2013-2017 rr
ycTaHOBMWJIM, 4TO B PocroBe-Ha-/loHy B peke J[oH Ha-
OmroaeTcs TCHACHIUS K YBEJIIMYCHUIO aMILTUTY/IbI KO-
JiebaHuil CpeIHECE30HHON TeMIIePaTyPhl, YTO, B CBOIO
ouyepe/ib, MPUBOANT K YBEJIMUYEHHUIO MPOLIEHTA BBICE-
BaeMoCTH KyasTyp XB non-O1/non-0O139 ceporpymi.
Kpome toro, ormeueHo obHapyxkeHue mrammoB XB
O1 ceporpynmbl (TOKCUTCHHBIX U HETOKCUTCHHBIX) B
TaKOM JK€ TeMIIepaTypHOM Juamas3oHe, 4yto u V. chol-
erae non-O1/non-0139 [58].

3aKkniouyeHuve

Ha ocHOBaHuUM NpPUBEACHHBIX JaHHBIX MOXKHO
MPEANOI0KHUTh, YTO MOBBILIEHHE TEMIIEpaTypbl BObI
B pekax PocToBckoil 00sacT BCIIEACTBUE M3MEHEHUS
KJIMMaTa MOXET NPHBECTH K HAKOIUICHUIO BO30yau-
Tellsl B CIIydae ero 3aHoca C HHAEMHUYHBIX II0 XOJIepe
TEPPUTOPHIA, YTO CBHUICTEIBCTBYET O HEOOXOAMMOCTHU
JTAJIbHENIIETO M3YyYEHUs BIUSHHS TeMIIepaTyphl BObI
IIOBEPXHOCTHBIX BOJAOEMOB Ha LUpPKyJALU0 XB s
CBOEBPEMEHHOH OLIEHKH 3MHEMUOJIOTHYECKOH 00cTa-
HOBKH 110 Xo1nepe [58].

Takum oOpa3om, xolepa HE MOXKET OBITh HC-
KOPEHEHa, II0CKOJIbKY XB ABISIIOTCS ayTOXTOHHOU
MHUKPOQIOPOH BOIHBIX HKOCHUCTEM Ha JHIACMUYHBIX
TEPPUTOPHSIX U TIPOSBISIOT BBICOKYIO CTENEHb I'eHe-
THYECKOW BapuabenbHOCTH, KOTOpas MOIACPKUBACT
pe3uCcTeHTHOCTh XB K Harpy3ke OKpY’Karolleld Cpeibl
U nocieaywiyw nepcucteHnun. CrnocooHocts XB
00pa3oBbIBaTh OWOIJICHKY Ha TOBEPXHOCTH OHOTHU-
YECKHX M a0MOTHYECKUX CYOCTPaTOB Aa)Xe B MPHUCYT-
CTBHM KOHKYPEHTHOH MHKPO(]IOPbI MOXKET CIIy>KUTb
OCHOBOH JIJIsl COXpAaHEHHUSI U MepeHoca BO30yIUTENs B
HOBBIE PETHOHBI C BEPOATHOCTHIO (POPMUPOBAHUS HO-
BBIX O4YaroB XoJepbl. B CBsI3u C MOBBIIIEHHEM TeMIIe-
parypbl BCIeACTBUE TII00ANTBHOTO M3MEHEHUS KIIMMara
1 TOSIBJIEHMSI TEHETUYECKH M3MEHEHHBIX IITaMMOB Ha
(oHe HEOIATONPUATHOTO MPOTHO3a [0 XOJIEpe B MHUPE
005acTh pacrnpocTpaHeHHs BO30yAUTENs MOXKET pac-
LIMPUTHCS 3a NMPEEIbl IHIAEMUYHBIX 04aroB, YTO CIIO-
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OB30PbI

COOCTBYET MOBBIIICHUIO PUCKA 3apaKeHUs JIFOJICH. DTO
CBUJICTENILCTBYET O HEOOXOAMMOCTH LesieHaIpaBiIeH-
HOT'O CIIeKeHHUs 3a nupKysinued XB B o0bekTax okpy-
JKAIOUIEN Cpebl.
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AnHamunkKa pefiTUHra 3KOHOMUYEeCKoro yuep6a ot NUHGEKLMOHHDbIX
6onesHei Kak Kputepuit 3¢ppeKTMBHOCTM SNNAEMUNONIOrNYeCKOro
KOHTpoOnA

MwnxeeBa M.A., MuxeeBa N.B>

OBYH «LleHTpanbHbIl HayYHO-NCCNIeOBATENbCKUM MHCTUTYT angemMmonorum» PocnotpebHagsopa,
111123, MockBa, Poccus

Uenb: penTnHroBas oueHka 3KOHOMUYECKOM 3HAYMMOCTN MHDEKUMOHHbIX 6onesHel B Poccuickon ®egepaunm
Anst aHanunsa adEKTUBHOCTN 1 BbiGOpa NPUOPUTETHLIX HaMpaBneHUn X NPOgUNaKkTUKK.

Martepuanbi u MetoAbl. VICXooHBIMU AaHHBIMU ANsi pacdeTa eXerofHoro 9KOHOMMUYECKOro yuiepba nocnyxunm
CTaHAapTHbIe BEMUYMHbBI 3KOHOMMYECKOro yepba ot 1 cnyyast nHdekunoHHon 6onesHu B Poccuickon degepa-
LK, NPOMHOEKCUPOBAHHbIE C YYETOM YPOBHS MHNAUun. CBeaeHns o Ymcne crnyyaeB MHPEKUMOHHbIX 3aborne-
BaHWIA NonyyeHbl U3 ouLmanbHoM cTatucTuydeckon otyetHoctr (bopmil Ne 1, 2) 3a 2009-2019 rr. ExxerogHbin
yiepb OT KOHKPETHOW GOMNEe3HN BbIMUCTSANM NYTEM YMHOXEHNSA CTaHAAPTHOM BeNnymHbI yuepba ot 1 crniyyas Ha
4YMCIO CryyaeB, 3aperMcTpUpoBaHHbIX B AaHHOM rogy. CTOMMOCTHbIE nokasaTtenu yulepba nogsepranv penTuH-
rOBOW OLIEHKE.

PesynbraTtbl. B 2019 1. HaMbonbLlumii SKOHOMUYECKUIA yLepO HaHeCnn OCTpble pecnupaTopHble BUPYCHbIE WH-
dekunm, TyGepkynes, ocTpble KULLIEeYHble MHAdeKUMn, BeTpsaHas ocna, BUY-nHdekums (Bnepsble BbISBNEHHbIE U
netanbHble cnydan B 2019 r.). Bnepsble 6bin nogcynTaH 3KOHOMUYECKMI yLLepb OT poTaBMPYCHOM MHMDEKLUN,
KOTOPbIV 3aHAN 6-€ paHroBoe MecTo. PENTUHIOBLIN aHanNmn3 BENMYMH SKOHOMMUYeckoro yuepba B 2009-2019 rr.
nokasan HambonbLlee CHKEHNE 3KOHOMMYECKOro yuepba oT 3aboneBaemMoCTu rpunmnoM, KPacHyxXon, OCTPbIM U
XPOHWYECKUM BMPYCHBLIM renatntom B. B To e Bpems npocnexusarncs pocT 3KOHOMUYECKOro yuiepba oT kopw,
KOKIIOLLIa, reMopparnyeckmx NMxopagok v Knewesoro boppenvosa.

O6cyxaeHune. [MpoaeMOHCTpUMpOBaHa BO3MOXHOCTb MCMOMb30BaHUA AWHAMUKA PENTUHra 3KOHOMWYECKOrO
yuiepba B kayecTBe nokasarens 3EKTUBHOCTM Mep 3NMAEMUONONMHYECKOro KOHTpons. MNpeanoxeHHas MeTo-
AviKa MOXeT OblTb NPYMeHeHa B Ka4eCcTBe UHCTPYMEHTa Ansi onpeaerneHns NnpuopuTeToB Npu NPUHATUN yrnpaB-
TNEHYECKMX peLLeHnii B 06racTu anMaeMmonornyeckoro KOHTPONs B YCNOBUSAX OFPaHNYEHHbIX BHOaXKETHbBIX pecyp-
COB CUCTEMbI 31paBOOXPAHEHNSI.

Knrodeenie csioea: skoHoMu4Yeckul yuiepb; UHGheKUUOHHbIe 3abonegaHusi; Pocculickas ®edepayusi; pelimuH-
208as1 oueHKa; a¢hghekmueHOCMb 3MUAEMUOTI02UYECKO20 KOHMPOJISI.

UcmovHuk puHaHcuposaHusi. ViccnegoBaHne BbIMOMIHEHO B paMKax Orog)XeTHOro hvHaHCMpOBaHMS

HWP ®BYH «UeHTpanbHbin HAW anngemmonorun» PocntpebHaasopa.

KoHgbnnukm uHmepecos. ABTOPbI AeKNapUpyroT OTCYTCTBME SBHbIX U MOTEHLMarnbHbIX KOH(IMKTOB
MHTEPEeCcoB, CBA3aHHbIX C Nybnvkauuen HacTosiLLeh cTaTbu.

Ansa yumupoeaHusi: Muxeesa M.A., MuxeeBa W.B. JuHammka penTnHra 3kOHOMmUYeckoro yuiepba ot Hgek-
LIMOHHBIX BonesHeln kak Kputepuin apeKTMBHOCTU ANMOEMUONOTMYECKOr0o KOHTpONs. XKypHan Mukpobuono-
2uu, anudemuornoauu u ummyHobuonoeauu. 2020; 97(2): 174-181.
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Purpose: rank-based assessment of the economic impact of infectious diseases in the Russian Federation for
the further analysis of effectiveness of their prevention and for prioritization of preventive measures.

Materials and Methods. The annual economic burden was estimated by using inflation-adjusted standard
economic costs of one case of infectious disease in the Russian Federation. The data on the number of cases
were obtained from the official statistical reports (Forms 1, 2) for 2009-2019. The annual burden of the specific
disease was estimated by multiplying the standard cost of 1 case by the number of cases registered within a given
year. The economic costs were assessed and ranked.

Results and discussion. In 2019, the greatest economic burden was exerted by acute respiratory infections,
tuberculosis, acute gastrointestinal infections, chickenpox, HIV infection (newly diagnosed cases and deaths
in 2019). The economic burden of rotavirus infection was assessed and ranked for the first time. The ranking
analysis of the economic costs in 2009—2019 showed the largest decrease in the economic burden of influenza,
rubella, acute and chronic hepatitis B. At the same time, the economic burden of measles, pertussis, hemorrhagic
fevers and tick-borne borreliosis demonstrated an upward trend.

The possibility of using ranking dynamics of economic burden as a performance indicator of epidemiological
control has been demonstrated. In response to limited public funding of healthcare, the offered method can be
used in setting priorities in decision making in the field of epidemic control.

Keywords: economic burden; infectious diseases; Russian Federation; rank-based assessment; effectiveness

of epidemiologic control.
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BeBepeHune

B coBpeMeHHBIX YCIIOBUSIX pedopMHUPOBAHUS
3apaBooxpaHeHust Poccun ocoboe 3HaueHue mpuodpe-
TaeT PKOHOMHYECKHUN aHaJu3, KOTOPBIA CIOCOOCTBYET
MIPUHATHIO YIIPABJICHUSCKUX PEIICHUH ISl IOCTUKECHUS
MaKCUMaJbHOTO MEIUIMHCKOTO MPOQHIAKTHYECKOTO
a¢pekTa nmpu OrpaHUUEHHBIX 3aTparax CUJI U CPEJICTB.
MeTono0THsl SKOHOMUYECKOTO aHaju3a NPUMEHHMA K
JIFOOBIM MEIMIIMHCKAM BMEIIATEIILCTBAM, B TOM YHUCIIE K
MeTOoJIaM PO(HUIAKTUKY, ISl OTIPE/ICIICHHUS SKOHOMUYe-
CKOM 11eJ1eco00pa3HOCTH UX UCTIONb30BaHMUSI.

K MeponpusTHsiM 0 KOHTPOJIO SMHIEMHYECKOTO
npoiecca, TpeOyIOUM CBOEBPEMEHHOTO MCIIOTHEHUS
B IOJIHOM 00beMe M omnpeAeistomuM 3(h(GeKTUBHOCTh
KOHTPOJISl AMHUJEMUYECKOTO Mpoliecca OTACIBHO B3si-
ThIX MH(EKIHOHHBIX 0O0JE3HEW, OTHOCATCS MEpHI IO
CaHUTapHOW oxpaHe Tteppuropun Poccuiickonn @e-
Jepaluy, MPOU3BOACTBEHHBI KOHTPOJb, BBEICHUE
OTPAHUYUTEIBHBIX MEPOIPHUATHH (KapaHTHHA), H30-
TS OOJBHBIX UH(PEKIIMOHHBIME OOJIC3HSIMH, JIC3HH-
(eKIMOHHbIE MEPONpPUATHSI, BaKUMHONPO(PHUIAKTHKA,
MPOBEJICHUE MEAULUHCKHX OCMOTPOB, THTHEHHUYECKOE
BocnuTaHue u odydenue u ap. [Ipu pazpadotke npodu-
JIAKTUYECKHUX MPOTrpaMM Pa3HOTO YPOBHS JIJIsi BbIOOpa
LeJiel TpaIuIMOHHO TOJIB3YIOTCS pe3ybTaTaMH OleH-
KU COLMAJIbHO-O)KOHOMUYECKON 3HAYMMOCTH TOW WIJIHU
HWHOW HO30JIOTHH.

J11sl OLIEHKH YKOHOMUYECKOM 3HAYMMOCTH NH(pEK-
uronHod narosioruu M.JI. [laxaHuHOW mpeasioKeH
W aJanTupoBaH K ycioBusiM Poccun meron, ocHOBaH-
HbIi Ha HCIIOJb30BAaHUHU «CTaHIAPTHBIX» CTOMMOCT-
HBIX BEJIMYMH YKOHOMHYECKOTO yIepOa, HaHOCHMOTO
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1 cnyuaem 3abosieBanusi [1-4]. CpeaHeB3BelICHHBIC
BEJIMYMHBI 5KOHOMUYECKOTO0 yIepOa oT ciry4dast HHpeK-
UOHHOTO 3a00JeBaHMsl JOCTATOYHO HH(OPMATHBHBI
M JIOCTOBEPHBI U MOTYT CIYXHTh IEJIIM YIIPaBICHUS
3npaBooxpaHeHueM [4].

CTouMOCTHBIE XapaKTEPUCTUKH HKOHOMHUYECKOI
3HaYUMOCTH paccuuThIBatoTcs B cooTBeTcTBUU ¢ [OCT
P 57525-2017', cornacHo KOTOPOMY «B MOHSTHE "CTOU-
MOCTh O0JNe3HH" BXOASAT BCE 3aTparbl, CBSI3aHHBIC C
JieueHUEeM OOJIbHBIX C OIPENEICHHBIM 3a00JIeBaHUEM
KaK Ha OMpEeNeJICHHOM d3Tarne (OTpe3Ke BPEMEHH), Tak
M Ha BCEX JTalax OKa3aHUs MEIUIMHCKOM MOoMOIlH, a
TaKXKe C HETPYAOCIOCOOHOCTBIO U MPEKICBPEMEHHON
CMEpPTHOCTBIO». DKOHOMHYECKasi 3HAYMMOCTh Oome3-
HEH BbIpa’kaeTcs B BEIMYHMHAX yliepOa, HAHOCUMOTO
9KOHOMHKE, M U3MepsieTcs B pyOIsix.

Onnako nOJis MPaKTUKU 3PaBOOXPAHCHUS OCTa-
eTcsi mpoOJieMOl CpaBHUTEIbHAS OIICHKA BEIUYHMH
SKOHOMHUYECKOTO yliepOa OT pa3inyHbIX 0OJIC3HEU B
JIMHAMUKE B CBA3U C HEBO3MOXKHOCTHIO MPOBEACHUS
TOYHBIX TOJICUETOB M3-32 MHOT000pa3us OOBEKTUB-
HBIX U CyOBEKTUBHBIX (DAKTOPOB, BIUSIONIMX HA CTO-
MMOCTHBIEC XapaKTePUCTHKH ylIepda oT KaxkJol HO30-
JIOTUH, a TaKke WHEIISIIIMOHHBIX MPOoIeccoB. TpymaHO-
CTH C OLIEHKOM DKOHOMUYECKOI 3HAYMMOCTH 00JIE3HEN
CO3/IaI0T MPENATCTBUS JIJIsi BHIOOpA ONTUMAJIbHBIX Ha-
MpaBIeHU NPOQUIAKTHISCKUX MIPOrpamMM, Ha KOTO-
pBI€ ClenyeT HallpaBUTh UMEIOLUECsS OTpaHUYECHHbIE

pecypchl.

' TOCT P 57525-2017 «KJIMHUKO-DKOHOMHYECKUE UCCIIENOBAHUSL.
Oo6uiue TpedoBanmsi». [lara Beenenus: 2018-06-01.
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Lesabl0 naHHOTO MCCIENOBaHMS SIBISJIACh peid-
TUHIOBasl OLEHKA SKOHOMHYECKOH 3HAYMMOCTH HH-
(hekmoHHbIX Oone3Hel B Poccutickori deneparnuu st
aHann3a >EeKTUBHOCTH U BbIOOpA NPUOPUTETHBIX Ha-
NpaBJICHUH MPOPHUIAKTHKH.

MaTepman bl 1 MeToAbl

HcxonHpIMU JaHHBIMHU JJISl pacdera eKerogHoro
9KOHOMHYECKOTO yIepOa MOCIyKUIU CTaHAapTHbIC
BEJIMYMHBI SKOHOMHUYECKOTO yiiepda ot 1 cimyvast uH-
(hexkumonHo# Oosie3nu B Poccuu. bonbiiMHCTBO cTaH-
JapTHBIX BEIMYHMH yluepba B pacuere Ha | cpenne-
B3BELICHHBIA Cllyyail MHQEKIHMOHHOTO 3a00JeBaHUsI
onyOnukoBanbl B padorax W.JI. llaxanunoii [2, 4]. Be-
JUYMHA ymepOa OT OJHOro ciydas 3a00neBaHHs pac-
CUMTHIBAJIACH KaK CyMMa MPSIMBIX U HEMPSIMBIX 3aTpar.
OrneHka NpsIMBIX 3aTpar BKIIOYaja PacueT CTOMMOCTH
JIEKapCTBEHHBIX MpENaparoB, a TakKe aMOylIaTOpHOTO
U CTAllMOHAPHOI'O MEUIIMHCKOTO 00CITy>)KUBaHUs 3a00-
nesuero. [Ipu 5ToM yuuThIBajgach CTpyKTypa KIMHAYE-
ckux Gopm 3a00JieBaHYsI 110 TSHKECTH TedeHus. Herpsi-
MO SKOHOMHUECKHH yIIIepO pacCYMTHIBAIIN KaK pa3Mep
BAJIOBOTO BHYTPEHHETO MPOAYKTA, HE MPOU3BEACHHOTO
BCJICICTBUE NOTEpH pabovero BpeMeHH (JIHEeH U JeT)
3a00JIeBLIMM WIIU MPH 3a00JIEBAaHUN peOCHKa OJHUM U3
pomuTteneii (onekyHoB). Benuuunsl yiep0a ot ciydast
3aboneBanust Tyoepkynesom [5] u BUU-undexnueii [6]
MOJTY4EHBl U3 JTUTEPATYPHBIX UCTOYHUKOB, a yIIepO OT

40 000 000 -
35 000 000 +

y = 357665x + 3E+07
R*=0,5

poraBupycHoii nHpekuu 7], koxkioma [8], BeTpsiHOH
OCIIBI ¥ OTIOSICHIBAIONIETO JIHIIAs [9] paccuuTa B X0/
COOCTBEHHBIX UCCJICIOBAHUI.

Bce cranpaprHble BEIMYMHBI SKOHOMHYECKOTO
yiepba ObUIM MPOMHIEKCUPOBAaHBI C YYETOM YpPOBHS
uHdusiKu 1o AaHHbIM Poccrara. CBeieHust o yucie
Ciy4aeB MH(EKINOHHBIX 3a00JIeBaHN MOMyYeHbI U3 ou-
LUaNbHOH cTatucTuueckoil oryetHocTH (popmbl Ne 1 u 2
®denepanbHOr0 TOCYAAPCTBEHHOTO CTAaTHCTHYECKOIO Ha-
Omronenust 3a HH(EKIIMOHHO 3a00eBaeMoCThI0 B Poccwii-
ckoit deneparyn) 3a 2009-2019 rr.

Benuuunny exeronHoro yuiepoa oT OTASIbHO B3SITOM
WH(PEKIUOHHONW OO0Ne3HN BBIYUCISUIM IyTeM YMHOXe-
HUSl CTaHJAPTHOM BEJIMYMHBI SKOHOMHUYECKOTO yinepoa
oT 1 ciyuast naHHOM OOJE3HM HA YHUCIO CIydacB, 3ape-
TUCTPUPOBAHHBIX B JAHHOM Toly. B nmanbHeiimeM crou-
MOCTHBIE TIOKa3aTenu yiepoa oT HH()EKIHOHHbBIX 0oJe3-
HEel pamKupoBaJId OT OOJBIIETO K MEHBIIEMY H MOJBEp-
rajiy pedTHHIOBOM olleHKe. BriepBhle 3Ta MeToauKa Oblia
MpUMEHEHa aBTOpaMH JaHHOW CTaTbU MPH COCTABICHUHU
locynapctBenHoro gokiana «O COCTOSHUU CAaHUTAPHO-3-
MUAEMUOJIOTHYECKOro Onaronoiyuus HaceneHus B Poc-
cuiickoii denepannn B 2014 rogy» v 3aTeM perysasipHO Uc-
MONIb30BaJIaCh NPHU U3JaHUU [ 0CyAapCTBEHHBIX AOKIAI0B
Pocniorpebnamzopa B 2015-2018 rr.

B nacrosmeit myOnukanuyu nmpoaHaau3upoOBaHa -
HaMHUKa PaHTOBBIX MOKa3aTeiel ymepoda OT KOHKPETHBIX
Ho3zosoruit 3a 2009-2019 rr.
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OvHamuka abcontoTHOro Ymcna cnyvaeB MHEKUMOHHBIX (&) 1 napa3utapHbIx (6) 3abonesaHuii B Poccum B 2009-2019 rr.
Dynamics of the absolute number of cases of infectious (a) and parasitic (b) diseases in Russia in 2009-2019.
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Pesynbratbl 730 cnyuae B 2018 1. Tempenums pocra 3abonesae-

B 2019 r. B Poccun Habmomaaocs CHWKEHHE 00Ie-  MOCTH MH(EKIMOHHBIMU OONIE3HsIMH Oblila BBIpasKeHa
ro 4ucia MHQEKIHOHHBIX U MapasHTapHbIX 3a0oneBaHuii  c1a00, B TO BpeMsl Kak 3a00JIeBAEMOCTh Mapa3uTapHbI-
Ha 2,4% mo cpaHennto ¢ 2018 r: 3aperdctpupoBaHo MU OOJIC3HSAMH CHHU3MJIACh B 3HAYMTEIBHON CTCIICHH
34 muH 338 ThIC. 157 ciyyaeB npotuB 35 miH 166 Thic.  (pucyHOK). B mociennue 3 roga coxpaHsiach yCTOHUYH-

Tabnuua 1. AkoHOMUYeckui yuep6 oT H(eKLMOHHbIX 6one3Hen B Poccuiickon ®epepauum B 2019 .
Table 1. Economic burden of infectious diseases in the Russian Federation in 2019

MHeKkumoHHble GonesHu OkoHOMUYeCKMi yLiepO, Tbic. py6.
Infectious diseases Economic burden, thousand rubles

OcTpble HMEKLMN BEPXHUX AbIXaTerbHbIX NyTe MHOXECTBEHHON N HEYTOYHEHHOW Nokanm3aunm 518 428 786,5
Acute upper respiratory tract infections of multiple and unspecified sites
Ty6epkynes (BnepBble BbISIBNIEHHbIN), akTUBHbIE (DOPMbI 32562 991,4
Tuberculosis (newly diagnosed cases), active forms
BeTpsiHasi ocna / Chickenpox 28 999 139,7
OcTpble K1LEeYHble MH(EKLMN, BbI3BAHHbIE HEYCTAHOBMEHHBIMU MHPEKLMOHHBIMY BO3OYaUTENSIMM, 15858 048,5

nuULLEBbIe TOKCUKOMHMEKLMMN HEYCTaHOBMNEHHOW 3TMOMNOru
Acute gastrointestinal infections caused by unidentified pathogens, foodborne toxin-
mediated infections of unknown etiology

BonesHb, BbI3aBaHHas BUpycoM UMMyHopeduumTa yenoseka (BUY), n 6eccMnToMHbIN 10 562 626,4
MNHMEKLMOHHDBIN CTaTyc, Bbi3BaHHbIN BUY (BnepBbie BbiSBNEHHbIE cryyYan)

Human immunodeficiency virus (HIV) disease and asymptomatic HIV infection status

(newly diagnosed cases)

PotaBupycHas uHdpekums / Rotavirus infection 8 431 262,1

OcTpble KuweYHble MHAEKLUW, BbI3BaHHblE YCTAHOBMEHHbIMU GakTepuanbHbIMU1, BUPYCHBIMM 8242 993,7
BO3DyAMTENsAMU, a TakKe MULLEeBblE TOKCMKOMHEKLMN YCTaHOBMEHHOW 3TUOMNOrMn

Acute gastrointestinal infections caused by identified bacterial and viral pathogens as well as

foodborne toxin-mediated infections of known etiology

YKyChbl, OCMOHEHUS, oLapanblBaHWS XUBOTHBIMU 4163 413,7
Exposure to infected animal bites, saliva and scratches

MHeKkumoHHbIN MOHOHYKNeo3 / Infectious mononucleosis 4144 779,7
CanbmoHennesbl / Salmonelloses 2502 405,5
Meawkynes / Pediculosis 1932728,5
BupycHble nuxopagku, nepegaBaemble YNEHUCTOHOTMIMU, Y BUPYCHbIE reMopparnyeckue nmxopagku 1829 268,6
Arthropod-borne viral fevers and viral hemorrhagic fevers

XpoHunyecknn BupycHbI renatut C (BnepBble YCTaHOBMEHHbI) 1792 327,7
Chronic hepatitis C (newly diagnosed cases)

Mpunn / Influenza 1600 608,5
Knewueson 6oppennos / Lyme disease 1092 414,9
Kokntoww, napakokntow / Pertussis, parapertussis 859 826,0
CkapnaTtuHa / Scarlet fever 742 375,4
BupycHbii renatut A / Hepatitis A 576 216,2
BakTtepuanbHas amnseHtepus (wurennes) / Bacillary dysentery (shigellosis) 470 647,6
«HocuTenbcTBO» BO36yanTENns BUpYyCcHoro renatuta B (BnepBble BbiSIBNEHHOE) 464 971,5
HBV carrier state (newly diagnosed cases)

MeHuHrokokkoBasi MHdekumusi / Meningococcal disease 372 485,2
Kopb / Measles 284 766,7
OcTpbint BUpYycHbIv renatut C / Acute hepatitis C 255 266,5
OcTtpbin BUpYCHbIV renatut B / Acute hepatitis B 198 896,9
Bpyuennes, Bnepsble BbissBNeHHbIN / Brucellosis, new cases 128 338,7
Onuaemnyeckuin napotut / Epidemic parotitis (mumps) 32 307,6
MceBnoTy6epkynes / Pseudotuberculosis 32 289,5
Jlentocnupos / Leptospirosis 12 860,7
Tynsapemus / Tularemia 8097,2
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Tabnuua 1/ Table 1.

MHMeKUMOHHBIE BoNne3Hn
Infectious diseases

OkoHoMuMYeckui yLepb, Tbic. pyb.
Economic burden, thousand rubles

CronbHsk / Tetanus

BptowHow Tnd / Typhoid fever
KpacHyxa / Rubella
Hundbtepus / Diphtheria

Mapatudbl A, B, C n HeyTouHeHHbIn / Paratyphoid fevers A, B, C and unspecified
BakTtepuoHocutenu 6ptowHoro Tnda, napatudos / Typhoid and paratyphoid bacteria carriers

BakTepunoHocuTeny TokcureHHbIx WTammoB andptepuu / Carriers of diphtheria toxigenic strains

20111
1978,0
1280,3
1277,6
329,7
329,7
305,8

Utoro
Total

646 590 653,3

Basl TEHJCHIMS CHIDKCHUSI 3a00JIeBAEMOCTH KaK UH(EK-
MOHHBIMH, TaK U Napa3uTapHBIMU OOJIC3HAMH.

CornacHO MPOBENEHHBIM pacuyeTaM, dKOHOMHYE-
ckuil ymep0O numb or 36 WHPEKIMOHHBIX OoNe3HEeH
npesbicun 646 mupa pyo. (Tada. 1). [IpenorepareH-
HBII B pe3ynbTaTe CHUKEHUsI 3a001€BaeMOCTH HEKOTO-
PpBrIMU HH(EKIUSAMH SKOHOMHUECKUH yiiepO 1o cpaBHe-
Huto ¢ 2018 1. cocraBmi okoio 3,56 mipa pyo. OxaHako
3a cYeT yBEIMUCHHsI YMCIIa CITydaeB 3a001eBaHHs HEKO-
TOPBIMH HO30JIOTHSMHU SKOHOMHUYECKUH yiiepd Bo3poc
Oosee yem Ha 7 MiIpzt pyO. AOCOJIFOTHBIC CTOUMOCTHBIC
roKaszarejy OOIIero SKOHOMHUYECKOro yiepOa, HaHe-
CEHHOTO MH(EKIMOHHBIMU OonesnsimMu B 2019 1., mo
CPaBHEHUIO € MPEJIBIIYIUM ToIoM Bo3pociu Ha 1,4%.
C ydetoM MHAEKca MHQIISIUH, KOTOPBIH, 10 JTaHHBIM
Poccrara?, cocrasun B 2019 1. 3%, obmuii yiepod ot
WH(EKIMOHHBIX 3a00JeBaHu cHU3WICS Ha 1,6%.

Kax u B Teuenue Bcero mepuoma ¢ 2014 r, B
2019 r. HauOONBIINH SKOHOMUYECKUH yIIIepO HaHECIH
OCTpBbIE pecrupaTopHble BUPYCHbIC HH(EKLIUH, TyOep-
KyJie3, OCTpble KHIICUHble MH(EKLINH, BETpsiHAs OCTIa,
BUY-undekuus (BnepBble BHISBICHHBIC U JIETAIbHBIC
ciyyan B 2019 r.). BriepBbie OblT BBIACTICH U3 00LIEH
CYMMBI 5KOHOMHYECKHUX MOTEPh OT KUIIEYHBIX MH(EK-
U C YCTaHOBJICHHBIM BO30YyJHUTENIEM M MOACUHUTAH
yiepd OoT poTaBUPYCHOM MH(MEKINH, KOTOPBIA 3aHSII
6-¢ paHroBoe Mecto. B uuciio HO3050TUi ¢ HaNOOb-
HIMM SKOHOMHYECKUM yiiepoom B 2019 1. Bouun Tax-
JKE YKYCBI U OCJTIOHCHUSI >KUBOTHBIMH, MH()EKIIMOHHBIN
MOHOHYKJIC03, CAIbMOHEIJIE3bI U MIEIUKYIIE3.

Pesynbrarsel peMTUHIOBOIO aHAIU3a BEJIMYUH KO-
HOMHUYECKOTO yIiep0a, HAaHECEHHOTO WH()EKIIMOHHBI-
mu Ooneznsimu B 2009-2019 rr. (Tadd. 2), npojaeMoH-
CTPUPOBAI HauOOJbIIeE CHUKEHUE SKOHOMHUUECKOTO
yiiepba ot 3abojeBaeMOCTH rpunmoM (co 2-i mo 11-i
MO3HLIUH ), KpacHYXoi (¢ 25-ii 1o 30-i1), ocTpbIM BHpYC-
HbIM TenatutoM B (¢ 17-i no 21-it) u «HOCUTETBCTBAY
Bupyca renaruta B (daktuuecku — 3aboneBaeMOCTH

2 denepanbHas Ciry:x0a rocyIapCTBCHHON CTATUCTHKH.
URL: https://www.gks.ru

XpOHUYECcKUM renatutoM B) (¢ 12-i no 17-i1), a Taxxke
3a00J1eBaEMOCTH OCTPBIM BUPYCHBIM remaTHToM A (C
11-ii go 15-i1) u muremezamu (¢ 13-i 1o 16-i).

B To e Bpems mpociexuBaeTcs pocT SKOHOMU-
yeckoro ymepba ot xopu (¢ 29-it mo 19-i1 mo3unun),
kokmioma (¢ 22-it mo 13-it). [loBbicunach SKOHOMHU-
yeckas 3HaYMMOCTh T'€éMOpparuveckux JUXopanok (c
14-i1 no 9-i mo3unumn) U KiemeBoro 6oppenuosa (¢ 16-
i o 12-i).

ITo cpaBuenuto ¢ 2018 . B 2019 r. cHu3mics peit-
THUHT SKOHOMHYECKOT0 yiiepda OT OCTPOro M XpOHHU-
yeckoro BupycHoro renatuta C (Ha 1 u 2 myHKTa co-
OTBETCTBEHHO), CKapJIaTHHBI, KJICHIEBOTO0 OOppennosa,
mudrepun, Tyaspemun (Ha 1 myHKT). Bozpoc peldTuHr
9KOHOMHYECKOTO yIepOa OT TeMOpparu4eckux JIMXo-
panok (Ha 3 myHkTa), Kopu (Ha 2), Kokioma (Ha 1).

O6cyxpeHune

[IpeanoxenHast METOIMKA PAaH)KUPOBAHUS BETUUNH
9KOHOMHYECKOTO yiIepOa Mo3BoJIHa IPOBECTH CpaBHE-
HHUE HE TOJBKO IKOHOMHYECKHX MOTEPh OT Pa3IM4HBIX
Oorne3Hel, HO M COMOCTaBUTh BEJIMYMHBI yliepOa oT Ka-
JKI0M HO30J10rMH B TeueHue 10 jger. AHauu3 u3MeHEHUS
peiiTiHra MHQOEKIUOHHOW OOJE3HN TPEJOCTaBUI BO3-
MOXHOCTb CYAHTb O TOM, HACKOJBKO 3((PEKTUBHBIMHU
ObUTH Mepbl OOpBOBI C AaHHOW MATOJIOTHUEH B TEUCHUE
necsatuietus. Kak u mporHozmpoBanoch, HauOosbliee
CHIYKEHHE KOHOMHYECKOTO yIiepda JOCTUTHYTO B OT-
HOUICHNH MHQEKIWH, YNpaBiseMbIX BaKIHMHALUCH, —
rpunmna (co 2-ro 10 11-ro paHroBoro mMecra), KpacCHyXu
(pEWTHHT MOHM3WICS HA 5 MYHKTOB), BUPYCHOTO Terma-
tuta B u A (peiiTuHr noHuswics Ha 4 MyHKTa). DTOT
(axr emie pa3 NOATBEPIUI TE3UC O BAKIMHAIMU KaK O
HanOoJiee SKOHOMUYECKH (H(PEKTUBHOM METOJIE yIpaB-
JIEHUS SMUJIEMHUYECKUM MPOIIECCOM B LEJIOM M TIpU
kpacuyxe [10] u BupycHbix remarutax A [11] u B [12]
B 4acTHOCTH. OJJHAKO B OTHOLLIEHWHU T'PUIA CHUKEHUE
MOYKET OOBSICHATBHCS TAK)KE M3MEHEHHEM TIOJIXO/IOB K pe-
THCTPALUH CIIy4aeB — B OTJIEJIbHBIE TIEPHO/IbI BpEMEHU
YUUTBHIBAIUCH TOJIBKO J1A0OPAaTOPHO MOATBEPKICHHBIC
3a0oseBanus AToi uHdeknueii [13].
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ANCKYCCUN

Tabnuua 2. PeATUHIM 3Ha4eHUM IKOHOMUYECKOro yliepb6a, accCoLMMPOBaHHOrO ¢ MHPEKUMOHHLIMU 3ab6oneBaHUAMMU
(3a ucknroyeHuem Ty6epkynesa u BUY-uHdekumnn), B 2009-2019 rr. B Poccumn

Table 2. Ranking dynamics of economic burden of infectious diseases (exclusive of tuberculosis and HIV infection)
in Russia in 2009-2019

PelTuHr (MakcumanbHbI nokasatens yuepba = 1, MuHUManbHbIn = 33)
Hosonorunyeckme dopmbl Ranking (maximum burden = 1, minimum burden = 33)
Nosological forms

2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019

OcTpble pecnmpaTopHble BUPYCHbIE NHAEKLnn
Acute respiratory infections

OcTpble KuLeYHble MHDEKLMN HEYCTaHOBNEHHOW 3TUOMOMMK
Acute gastrointestinal infections of unknown etiology

Betpsnas ocna / Chickenpox

OcTpble KuLweYHble MHPEKUMM YCTAHOBNEHHONW 3TUOMOMK
Acute gastrointestinal infections of known etiology

Ykycbl xuBOTHbIMU / Animal bites

CanbMoHennesbl / Salmonelloses

MHbeKumMoHHbIN MOHOHYKNeo3 / Infectious mononucleosis
Menwkynes / Pediculosis

XpoHnyeckun BupycHbii renatut C / Chronic hepatitis C

BuipycHbii renatut A/ Hepatitis A 1" 11 15 12 12 13 11 11 15 15
[emopparuueckue nuxopagku / Hemorrhagic fevers 14 17 16 15 11 11 11 12 12 12
CkapnatuHa / Scarlet fever 15 14 13 14 15 12 15 16 14 13 14
HocutenbcTtBo BUpycHoro renatuta B / HBV carrier state 12 13 12 1 16 13 14 15 15 17 17
Kneweson 6oppennos / Lyme disease 16 15 11 - 14 14 12 13 13 1 12
[unzeHTepus (wurennessl) / Dysentery (shigelloses) 13 12 14 13 13 15 16 14 16 16 16
BupycHbiii renatut B / Hepatitis B 17 16 17 17 17 16 17 17 18 20 21
BupycHbiii renatut C / Hepatitis C 19 19 19 19 19 17 18 18 17 19 20
MeHuHrokokkoBas MHdekums / Meningococcal disease 18 18 18 18 18 19 21 20 19 18 18
Kopb / Measles 29 29 24 22 22 20 24 27 24 21 19
Kokntow, napakokntow / Pertussis, parapertussis 22 21 20 20 21 21 20 19 20 14 13
WMepcuHuosebl / Yersinioses 21 20 21 21 23 22 21 21 23 23 22
Bpyuennes / Brucellosis 23 23 22 23 24 23 22 22 22 22 23
MceBpoTy6epkynes / Pseudotuberculosis 20 22 23 24 25 24 23 23 25 25 25
Jlentocnupos / Leptospirosis 24 24 25 26 27 25 26 26 27 27 26
Tynsipemus / Tularemia 28 25 29 27 20 26 25 25 26 26 27
SAnuaemnyeckun napotut / Epidemic parotitis 26 28 28 28 28 27 28 24 21 24 24
TudonapatndgosHbie 3abonesaHus 27 27 26 29 26 28 27 28 28 28 28
Typhoid and paratyphoid diseases

KpacHyxa / Rubella 25 26 27 25 29 29 30 30 31 32 30
Cron6Hsik / Tetanus 31 30 32 30 30 30 29 29 29 29 29
HocutenbctBo Bo36yautens audptepun 32 31 30 31 31 31 31 31 30 31 32
Diphtheria carrier state

Iudptepus / Diphtheria 30 32 31 32 32 32 32 32 32 30 31
BonesHb bpunnsi / Brill-Zinsser disease 33 33 33 33 33 33 33 33 33 33 33

MpumeyaHune. LiBeTom 0603Ha4YEHbI PEATUHIL:
Note. Color codes for rankings: -— 1—5, -— 6—10, |:| — 111 5, I:l— 16—20, I:l— 21—33
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[NoBsieHue peiiTuHra 00JIC3HU MTPHU PAHKUPOBA-
HUHM SKOHOMHYECKOTO yIliepOa MOXKET CBUAETEIILCTBO-
BaTh 00 MMEIIUXCsS NpobdiemMax B 00pbOe ¢ TOM MM
uHON mH(eknueld. Hanpumep, pocT SKOHOMHUYECKOTO
yuiep6a ot kopu (¢ 29-ro 10 19-ro paHroBoro mMecra)
OTpakaeT BO30OHOBJIEHHME HSHAEMUYHON IHUPKYISALIH
BHpYyCa KOPU U YBEIWYCHUE YUCIIa HEIPUBHUTHIX JIHII,
3a CYET KOTOPBIX HAOMIOAAETCsl POCT YMCIIa OY4aroB C
pacnpocTpaHeHueM HHDEKIHNT®.

[ToBbilIeHHE PEHTUHTA SKOHOMHUYECKOTO yiepoa
ot kokiroma (¢ 22-it 1o 13- no3unmu) MOXKET OBITh
CBSI3aHO KaK C yJIy4lIeHUEeM TUarHOCTUKH HH(EKLIUH 3a
CUeT BHEJPEHHs O0Jiee UyBCTBUTEIBLHBIX J1a00PaTOPHBIX
METOJIOB, TaK M C MOBBIIIEHUEM POJIU JIeTeH CTapIlero
JIOLIKOJIHOTO M HIKOJIBHOTO BO3pacTa B pacHpoCTpaHe-
HHUM KOKJIIOIIA, YTO TpeOyeT BHEAPEHHs BTOPOH peBak-
[UHALMK TPOTHB 3TOH MH(pekuuu B HarmoHaibHBIHI
KaJeHAapb MpopUIaKTHYECKIX MPUBHUBOK [ 14, 15].

Poct 3x0HOMMUYECKON 3HAYMMOCTH remMopparuye-
CKUX JTUXOPaJoK (¢ 14-ro 10 9-ro paHroBoro mecra) u
KJieneBoro doppenuosa (¢ 16-ro qo 12-ro) cBUaCTEIb-
CTBYET HE TOJIbKO 00 YIy4llleHHH JTa0OpaTopHOW ana-
THOCTHKHU JTUX 3a00J€BaHMM, HO U O HEOOXOIUMOCTH
yCHIICHUSI Mep NPO(UIAKTHKU TPAHCMUCCHBHBIX HH-
¢dexuuit Ha GoHE UBMEHEHUS KIIMMATHUECKUX YCIIOBHIA,
AKTUBM3ALUU XO3HCTBEHHOU AESITEIIBHOCTU Ha TEPPU-
TOPHHU MIPUPOIHBIX OYATOB, & TAKKE YMEHBIIECHHUST 00b-
€MOB JIC3UHCEKIIMOHHBIX MeponpusTuii [16].

«CraHapTHbIE» BEJIUYMHBI CPETHEB3BELIEHHOTO
JKOHOMMYECKOTO yiepba or 1 citydast OOJie3HU ¢ Te-
YEeHHEM BPEMEHH MOTYT YTOUHATHCS U KOPPEKTUPO-
BaTbCsl, B TOM YHCJIE C yYETOM PErHOHAIBHBIX 0COOCH-
Hocte. Ecnu panee psiji nokasarene Obll pacCuuTaH
JUISL TPYMIBl HO30JIOTHM, HAmpuMep A1 OCTPBIX KH-
HICYHBIX MHOEKLIUI YCTaHOBICHHON 3THOJIOTHH, TO IO
Mepe MPOBEACHUSI COOTBETCTBYIOIIMX PacdeToB OyayT
YTOUYHSTHCSl TOKa3aTeNlu JUIsl OTHENbHBIX WH(EKINUH
W3 JJAaHHOU rpynnbl. B yactHOCTH, HaMK ObLI paccuu-
TaH yuiep6 ot 1 ciyuas poraBupycHoi uHpexuuu [7],
YTO MO3BOJMJIO BBIJENIUTH yIIEPO OT 3TOH HO30JOTHH
U3 CyMMBI SKOHOMUYecKuX norepsb ot rpynmnsl OKU c
YCTaHOBJICHHBIM BO30YIHUTEIEM.

HecmoTpst Ha oueBUAHO HETOUHBIH M MPUOIN3HU-
TEJILHBIA XapakTep pe3yJbTaToB PacueToB yuiepda Ha
OCHOBE «CTAaHJAPTHBIX» BEJIUYMH CPETHEB3BELIEHHOTO
JSKOHOMMYECKOTO yiepba or 1 ciyuas OoJie3HH, OHU
MO3BOJISIOT BBIITOJHUTH 33a4M 110 BBIJEJIEHUIO MPUO-
PUTETHBIX HAlNpaBJICHUN JUIsS TUTAHUPOBAHUS IMpodu-
JAKTUYECKUX W TPOTUBOIIUIAEMUYECKUX MEPOIpHUsi-
THH B OTHOIICHUU OOJIE3HEH, UMEIOIIMX 00Jee BBICO-
KU PEUTHHT BEJIMYUHBI YKOHOMUYECKOTO yiiepoa.

Tak, cTaOWIBHO BBICOKMU pPEHTHHI yiiepba oOT
BETPsIHON ocribl (2—3-s mo3ulysi u3 33 HO30JIO0THH B

3 HaupoHanbHbIH HAyYHO-METOANYECKHI LIEHTP IO HA30PY
3a KOPBIO ¥ KPaCHYXOM.
URL: http://www.gabrich.ru/measles-center.html

TabJ. 2) yKa3blBaeT Ha HACTOSATEIIBHYIO HEOOXOIH-
MOCTb ONTHMHU3AIMU Mep OOPHOBI ¢ 3TOH MHpEKIHEH,
HCMOJb30BaHus MOTEHLMANA IJIaHOBOM M 3KCTPEHHOM
BaKIIMHOIPO(PUIAKTUKY YIS YIIPABICHUSI AIHIEMHUYC-
CKHUM IIPOLIECCOM.
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1. /lunamuka peldTHHra YSKOHOMUYECKOTO yiepoa
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MIPUOPUTETOB TIPU MPUHATHU YIPABICHUYECKUX perIe-
HUI B 00JaCTH 3MUAEMHUOIOTUIECKOTO KOHTPOJIS B yC-
JIOBUSIX OTPAaHUUYCHHBIX PECYPCOB.

JIUTEPATVYPA

1. [Maxanuna N.JI., Ocumnosa JI.A., Pagyto O.U. DxoHOMUUeCKuit
aHaJN3 B IPAKTHKE CAHUTAPHO-IMTHIEMHOIOTHYECKON CITyKOBI.
Dnudemuonoeus u unghexyuonnvie 6oneznu. 2001; (3): 58-60.

2. Ilaxanuna M.JI, Ocunosa JI.A. DKOHOMHUYECKHE NOTEPU OT
WHPEKIIMOHHOW 3a00neBaeMocTH B Poccun: BeNWYMHBI M TCH-
JEHIMU. Dnudemuonoeus u ungekyuonnvie boneznu. 2005; (4):
19-21.

3. Hlaxanuna W.JI1., Ulypos /1.I', Uronnna E.I1. DxoHoMuueckas
3HAYUMOCTh BHYTPUOOIBHUYHBIX MH(EKIHH HOBOPOXKICHHBIX
B Mockse. Dnudemuonocus u eaxyunonpogunakmura. 2010;
(3): 11-7.

4. Iaxanuna W.JI., fcunckuit A.A. DxoHomMuueckast 3pexTus-
HOCTh BakIMHOnpogmiaktukd. B ku.: 3BepeB B.B., Xanton
PM., pen. Baxkyunvl u eaxyunayus. Hayuonanvroe pyxkosoo-
cmeo. Kpamxoe uzoanue. M.: TEOTAP-Menna; 2014: 34-52.

5. I'enemanora U.E., 3emisinast H.A., Ennne6aes A.B., Kpyk E.A.
AHamm3 CTOMMOCTH TPOTHBOTYOCpPKYIE3HBIX MEPOIPUSATHIA,
OPHMEHTHUPOBAHHBIX Ha MalMeHTa ¢ TyOepKyIe30M, B TOPOICKHX
aMOyIIaTOPHBIX yCIIoBHsIX. Tybepkynes u bonesnu neekux. 2016;
94(7): 16-24.

DOI: http://doi.org/10.21292/2075-1230-2016-94-7-16-24

6. bapunosa A.H., IInaBunckuii C.JI. OueHka cTOUMOCTH Ipe-
nIoTBpameHHoro ciydas BUY-mabeknunm 1 ympomeHHOTO
aHaJIM3a 3aTpaTHON 3(PPEKTHBHOCTH MPOPHUIAKTHYECKHX MEPO-
npusitait. Meouyuna. 2016; 4(4): 13-21.

7. MuxeeBa 1.B., MuxeeBa M.A. OneHka mpsaMoro 3KOHOMHYE-
CKOro yuep0a, HAaHOCHMMOTO POTaBUPYCHOH MH(peKuuei. Hu-
¢exyuonnvle 6oneznu. 2017; 15(4): 95-9.

DOI: http://doi.org/10.20953/1729-9225-2017-4-95-99

8. MuxeeBa U.B., ®omkuna H.H., MuxeeBa M.A. CoBpemeHHas
SMHAEMHOJIOTHYECKAsT U JKOHOMUYECKasl XapaKTepHCTHKA KO-
kimomia B Mockse. JKypran ungpexmonozuu. 2019; 11(1): 84-91.
DOI: http://doi.org/10.22625/2072-6732-2019-11-1-84-91

9. Aponnna H.M., Muxeepa U.B. CouunanbHO-3KOHOMHYCCKAs
3HAUUMOCTh WH(EKIIMOHHOW MATOJOTHH, OOYCIOBICHHON BH-
pycom Varicella zoster. B xu.: Mamepuanet XXI Konepecca ne-
ouampos Poccuu ¢ meaxcoyHapooHvim yuacmuem « AkmyanvbHbie
npobnemvl neduampuuy. M.; 2019.

10. IToznusaxkoB A.A., Uepnsasckas O.I1. IlposBienus snugemu-
YeCcKOro mporecca KOpH U KpPaCHyXH Ha COBPEMEHHOM JTarle.
Onuodemuonoeus u eakyuronpopunaxmuxa. 2018; 17(5): 45-53.
DOI: http://doi.org/10.31631/2073-3046-2018-17-5-45-53

11. Uanukora M.H., lleuor B.A., Bonrun A.P., Onedup 10.B.,
Mepkynos B.A., bornapes B.I1. Dnuaemuonorus renatura A u
TaKTHKa BaKIMHONPOGUIAKTHKA. buonpenapamer. IIpogunax-
muxa, ouaenocmuxa, neverue. 2015; (4): 11-6.

180



KYPHAJ1 MUKPOBNOJIOTUW, SNMTUAEMNONOTMU N UMMYHOBWUOJTOTUN. 2020; 97(2)

DOI: https://doi.org/10.36233/0372-9311-2020-97-2-174-181

12.

13.

14.

15.

16.

Xantumuposa JI.M., Kosznosa T.IO., IloctaoBa E.JI., IlleB-
noB B.A., PykaBumnukoB A.B. PeTpocmeKkTHBHbBIM aHamu3
3a00JIeBaCMOCTH BUPYCHBIM renatutoM B Hacenenus Poccwuii-
ckoit @eneparuu ¢ 2013 no 2017 r. B acniekre BakIMHOIIPO-
¢unaktuku. buonpenapamul. Ilpoguraxmuxa, ouaenocmuxa,
neuenue. 2018; 18(4): 225-35.

DOIL: http://doi.org/10.30895/2221-996X-2018-18-4-225-235
O COCTOSIHUM CaHMTAPHO-3MUAEMHUOJIOTHYECKOTO OIaromnoiny-
yusi HaceneHust B Poccuiickort denepanuu B 2015 roxy: Tocy-
JapCTBEeHHBIH nokian. M.; 2016.

Muxeesa UM.B., CanrteikoBa T.C., MuxeeBa M.A. lLlenecoo-
OpasHOCTh M TMEPCICKTHBBI BAKIIMHOMPOPHUIAKTUKH KOKJIFOIIA
0e3 BO3pacTHBIX orpaHuueHui. JKypran urngexmonoauu. 2018;
10(4): 14-23.

DOI: http://doi.org/10.22625/2072-6732-2018-10-4-14-23
IMumenosa A.C., bopucosa O.10., L{supkyn O.B., baco A.A.,
Aneurkun B.A., AdpanacseB C.C. u ap. DPdeKTHuBHOCTD MpH-
MCHCHHUSI MOJICKYJISIPHO-TCHETHYCCKOW TUATHOCTHKH TMPH 00-
CJIEIOBAaHUU 0YaroB KOKIIOIIHOW WH(pEKImu. MHpexyus u um-
mynumem. 2017; 7(2): 162-70.

DOIL: http://doi.org/10.15789/2220-7619-2017-2-162-170
Honmmmyx M.B., 3nomeauk T.J., Cmeranna B.H. MkconoBsie
KJICIEBbIE OOPPENTHO3bl: COBPEMEHHAs SMHIEMUOJIOTHYecKas
cUTyalusi B peruoHax LIEHTpa eBporelckol vactu Poccum.
Poccutickuit meouxo-ouonocuueckuil 6eCmuuK UMeHu aKaoemu-
xa MI1. Ilasnosa. 2017; 25(2): 202-8.

DOIL: http://doi.org/10.23888/PAVLOVJ20172202-208

REFERENCES

. Shakhanina I.L., Osipova L.A., Raduto O.I. Economic analysis

in the practice of the sanitary-epidemiological service. Epide-
miologiya i infektsionnye bolezni. 2001; (3): 58-60. (in Russian)

. Shakhanina I.L., Osipova L.A. Economic losses due to infec-

tive diseases in Russia: sizes and trends. Epidemiologiya i infek-
tsionnye bolezni. 2005; (4): 19-21. (in Russian)

. Shakhanina I.L., Shchurov D.G., Igonina E.P. The economic

importance of nosocomial neonatal infections in Moscow. Epi-
demiologiya i vaktsinoprofilaktika. 2010; (3): 11-7. (in Russian)

. Shakhanina I.L., Yasinskiy A.A. Cost-effectiveness of vaccina-

tion. In: Zverev V.V., Khaitov R.M., eds. Vaccines and Vacci-
nation. National Leadership. Brief Edition [Vaktsiny i vaktsina-
tsiya. Natsional'noe rukovodstvo. Kratkoe izdanie]. Moscow:
GEOTAR-Media; 2014: 34-52. (in Russian)

. Gel'manova L.E., Zemlyanaya N.A., Edil'baecv A.B., Kruk E.A.

Cost analysis of tuberculosis control activities centered at the
patient and performed on the out-patient basis in the urban set-
tings. Tuberkulez i bolezni legkikh. 2016; 94(7): 16-24.

DOL: http://doi.org/10.21292/2075-1230-2016-94-7-16-24 (in
Russian)

. Barinova A.N., Plavinskiy S.L. Life-time cost of averted HIV

infection for simplified cost-effectiveness analysis of preventa-
tive interventions. Meditsina. 2016; 4(4): 13-21. (in Russian)

UHgopmayus 06 aemopax:

Muxeesa Mapu+Ha AHOpeesHa — M.H.c. nab. UMMyHONPOUNAKTUKN
OBYH «UHUW 3nugemumonorum» PocnotpebHaasopa, 111123,
Mocksa, Poccus.

ORCID ID: https://orcid.org/0000-0003-0290-388X.

E-mail: mma17211@gmail.com

Muxeesa UpuHa BukmopoeHa™ — O.M.H., npod., 3a8. nab.
nmmyHonpodunaktnkn PbYH «LUHUW 3nngemmonorumn»
PocnotpebHansopa; pykoBoauTenb Hay4Ho-MeToaM4eckoro LeHTpa
MMMyHonpodunakTnkn PocnotpebHansopa, 111123, Mockaa,
Poccus.

ORCID ID: http://orcid.org/0000-0001-8736-4007.

E-mail: irina_mikheeva@mail.ru

Y4acmue aemopoe: Bce aBTOPbI CAenany 3KBUBaNeHTHbIV BKNaj B
noaroToBKy nybnukaumu.

181

10.

I1.

12.

13.

14.

15.

16.

ANCKYCCUN

. Mikheeva 1.V., Mikheeva M.A. Estimation of direct economic

loss related to rotavirus infection. Infektsionnye bolezni. 2017,
15(4): 95-9.

DOIL: http://doi.org/10.20953/1729-9225-2017-4-95-99 (in
Russian)

. Mikheeva 1.V., Fomkina N.N., Mikheeva M.A. Modern epide-

miological and economic characteristics of whooping cough in
Moscow. Zhurnal infektologii. 2019; 11(1): 84-91.

DOI: http://doi.org/10.22625/2072-6732-2019-11-1-84-91

(in Russian)

. Afonina N.M., Mikheeva I.V. The socio-economic importance

of the infectious pathology caused by the Varicella zoster virus.
In: Materials of the XXI Congress of Pediatricians of Russia
with International Participation «Actual Problems of Pediat-
ricsy [Materialy XXI Kongressa pediatrov Rossii s mezhdu-
narodnym uchastiem «Aktual'nye problemy pediatriiy]. Mos-
cow, 2019. (in Russian)

Pozdnyakov A.A., Chernyavskaya O.P. Manifestations of the
epidemic process of measles and rubella at the present stag. Epi-
demiologiya i vaktsinoprofilaktika. 2018; 17(5): 45-53.

DOI: http://doi.org/10.31631/2073-3046-2018-17-5-45-53

(in Russian)

Indikova I.N., Shevtsov V.A., Volgin A.R., Olefir Yu.V., Merku-
lov V.A., Bondarev V.P. Epidemiology of hepatitis A and vacci-
nation policy. Biopreparaty. Profilaktika, diagnostika, lechenie.
2015; (4): 11-6. (in Russian)

Khantimirova L.M., Kozlova T.Yu.,, Postnova E.L.,
Shevtsov V.A., Rukavishnikov A.V. Retrospective analysis of
viral hepatitis B incidence in Russia from 2013 to 2017 in the
context of preventive vaccination. Biopreparaty. Profilaktika,
diagnostika, lechenie. 2018; 18(4): 225-35.

DOI: http://doi.org/10.30895/2221-996X-2018-18-4-225-235
(in Russian)

On the state of the sanitary-epidemiological well-being of the
population in the Russian Federation in 2015: State report. Mos-
cow; 2016. (in Russian)

Mikheeva 1.V, Saltykova T.S., Mikheeva M.A. Expediency and
prospects of a vaccinal prevention of whooping cough without
age restrictions. Zhurnal infektologii. 2018; 10(4): 14-23.

DOI: http://doi.org/10.22625/2072-6732-2018-10-4-14-23

(in Russian)

Pimenova A.S., Borisova O.Yu., Tsvirkun O.V., Basov A.A.,
Aleshkin V.A., Afanas'ev S.S., et al. Efficiency of application of
molecular-genetic diagnostics in case of inspection of the schools
of a whooping cough. Infektsiya i immunitet. 2017; 7(2): 162-70.
DOI: http://doi.org/10.15789/2220-7619-2017-2-162-170

(in Russian)

Polishchuk M.V., Zdol'nik T.D., Smetanin V.N. Ixodes tick-
borne borrelioses: modern epidemiological situation in the cen-
ter of the european part of Russia. Rossiyskiy mediko-biologich-
eskiy vestnik imeni akademika I.P. Paviova. 2017;25(2): 202-8.
DOI: http://doi.org/10.23888/PAVLOVJ20172202-208

(in Russian)

Information about the authors:

Marina A. Mikheeva — junior researcher, Laboratory

of immunoprophylaxis, Central Research Institute of Epidemiology,
111123, Moscow, Russia.

ORCID ID: https://orcid.org/0000-0003-0290-388X.

E-mail: mma17211@gmail.com

Irina V. Mikheeva™ — D. Sci. (Med.), Prof., Head, Laboratory of
immunoprophylaxis, Central Research Institute of Epidemiology;
Head, Scientific and Methodological Center of Immunoprophylaxis
of Rospotrebnadzor, 111123, Moscow, Russia.

ORCID ID: http://orcid.org/0000-0001-8736-4007.

E-mail: irina_mikheeva@mail.ru

Contribution: the authors contributed equally to this article.



JOURNAL OF MICROBIOLOGY, EPIDEMIOLOGY AND IMMUNOBIOLOGY. 2020; 97(2)
DOI: https://doi.org/10.36233/0372-9311-2020-97-2-174-181

DISCUSSIONS

© Mikheeva M.A., Mikheeva I.V., 2020 ‘ ,.)
Check for updates ‘ @ @

Ranking Dynamics of Economic Burden of Infectious Diseases
as a Criterion of Effectiveness of Epidemiologic Control

Marina A. Mikheeva, Irina V. Mikheeva™

Central Research Institute of Epidemiology, 111123, Moscow, Russia

Purpose: rank-based assessment of the economic impact of infectious diseases in the Russian Federation for
the further analysis of effectiveness of their prevention and for prioritization of preventive measures.

Materials and Methods. The annual economic burden was estimated by using inflation-adjusted standard
economic costs of one case of infectious disease in the Russian Federation. The data on the number of cases
were obtained from the official statistical reports (Forms 1, 2) for 2009-2019. The annual burden of the specific
disease was estimated by multiplying the standard cost of 1 case by the number of cases registered within a given
year. The economic costs were assessed and ranked.

Results and discussion. In 2019, the greatest economic burden was exerted by acute respiratory infections,
tuberculosis, acute gastrointestinal infections, chickenpox, HIV infection (newly diagnosed cases and deaths
in 2019). The economic burden of rotavirus infection was assessed and ranked for the first time. The ranking
analysis of the economic costs in 2009—2019 showed the largest decrease in the economic burden of influenza,
rubella, acute and chronic hepatitis B. At the same time, the economic burden of measles, pertussis, hemorrhagic
fevers and tick-borne borreliosis demonstrated an upward trend.

The possibility of using ranking dynamics of economic burden as a performance indicator of epidemiological
control has been demonstrated. In response to limited public funding of healthcare, the offered method can be
used in setting priorities in decision making in the field of epidemic control.
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AnHaMunKa pefTUHra SKOHOMUYECKOro yuep6a ot HPEKLNOHHbIX
6onesHen Kak Kputepuin 3¢pPeKTMBHOCTN 3NNAEMNONOrNYecKkoro
KOHTpoONA

MwuxeeBa M.A., MuxeeBa N.B.E

OBYH «LleHTpanbHbI HayYHO-NCCNIe0OBATENbCKUM MHCTUTYT anugemMmosnorum» PocnotpebHagsopa,
111123, Mocksa, Poccusa

Uenb: peinTuHroBas oueHka 3KOHOMUYECKOM 3HAYMMOCTN MHAPEKLMOHHbIX 6onesHel B Poccuiickon ®epgepaunmn
Anst aHanunsa adEKTUBHOCTU 1 BbiGOpa MPUOPUTETHBIX HaMpaBneHUn X NPOUNaKkTUKA.

MaTtepuanbl u MmeToAabl. IcXooHbIMKW AaHHBIMKU NS pacyeTa exXeroqHoro SKOHOMMYECKOro yulepba nocnyKunm
CTaHAapTHbIE BEMUYMHBI 3KOHOMMYECKOro yepba oT 1 cnyyast uHdeKUnoHHon 6onesHu B Poccuiickon depepa-
LUK, NPOVHAEKCUPOBaHHbIE C Y4ETOM YPOBHS MHnAUmMn. CBegeHns o Yncne crnyyaeB MHAEKLMOHHBIX 3abone-
BaHWI Nony4yeHbl U3 ouLmansHom cTaTucTnyeckon otdyetHocTr (popmbl Ne 1, 2) 3a 2009-2019 rr. ExxerogHbin
yLiep6 OT KOHKPETHOW GOMNE3HU BbIMUCTISANM NYyTEM YMHOXEHUS CTAHAAPTHOW BENUYMHBLI yepba ot 1 criyyas Ha
4YNCMo cryyaes, 3aperncTpMpoBaHHbIX B AaHHOM rofy. CToMMOCTHbIE Moka3aTtenu yuwepba nogsepranu penTuH-
roBOW OLIEHKE.

PesynbraTbl. B 2019 . HAMbonbLUNA SKOHOMUYECKNI yLLLEepO HAHECNM OCTpble PecnMpaTopHbIE BUPYCHbIE WH-
dekunm, TyGepKynes, ocTpbie KMLLIEeYHble NHAdEKUMK, BeTpsaHas ocna, BUY-nHdekums (BnepBble BbISBNEHHbIE U
netanbHble cnydan B 2019 r.). Bnepsblie 6bin nogcyntaH 3KOHOMUYECKMI yLLepb OT poTaBMPYCHON MHMDEKLUN,
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KOTOPbIN 3aHAN 6-e paHroBoe MecTo. PelTUHIOBLIM aHanM3 BennynH akoHoMm4eckoro yulepba B 2009-2019 rr.
nokasan Hanborbluee CHUKeHWe 3KOHOMUYECKOro ylepba oT 3aboneBaemMocTy rpMNNoOM, KPaCHyXOIN, OCTPbIM U
XPOHUYECKNM BUPYCHbIM renatutom B. B To e Bpemsi npocnexvBancs pocT 3KOHOMUYECKOro yepba oT kopw,
KOKNtoLa, reMopparmyecknx NMxopagok 1 knewesoro 6oppenvosa.

O6cyxaeHue. [NpogemMoOHCTpUpoBaHa BO3MOXHOCTb WCMONb30BaHUSA AWHAMUKN PEeNnTUMHra 3KOHOMMWYECKOro
yuwiepba B kayecTBe nokasatens adpdeKTMBHOCTN Mep 3MNMAEMMNONOrM4eckoro KoHTpons. MNpeanoxeHHas me-
ToAMKa MOXeT OblTb MCMONb3oBaHa B Ka4eCTBE WHCTPYMEHTa Ans onpedereHvus NpuopuTeToB Npu NPUHATAN
ynpaBneH4yecKknx peLleHnii B 0brnacti anmaeMmonormyeckoro KOHTPOns B YCNOBKSX OrpaHUYeHHbIX B1ogKeTHbIX
pecypcoB CUCTEMbI 34PaBOOXPAHEHUS.

KntoueBble cnoBa: skoHomu4veckul yujepb; uHgekyuoHHble 3abonesaHusi; Pocculickas ®edepayus; pelmuH-

208as oyeHka,; aghchekmusHoCmb 3nudemMuoIoeu4ecKoeo KOHMPOIJIA.

HcmoyHuk chuHaHcupoeaHus. ViccrnenoBaHve BbIMOMHEHO B paMkax 6to4KeTHOro onHaHCHpoBaHus
HWP ®BYH «LeHTpanbHbin HAW anngemmnonorumn» PocntpebHaasopa.

KoHgbriukm unmepecos. ABTOPbI AEKNapUPYIOT OTCYTCTBUE SIBHbIX U MOTEHLMANbHbIX KOHAUKTOB
WHTEPECOB, CBA3aHHbIX C Nybnukaumen HacTosILLEen cTaTbm.

Ans yumupoeaHusi: Muxeea M.A., Muxeesa /.B. [luHamuka peiTuHra SKoHoMmmnyeckoro yuiepba ot
NHMEKLMOHHbBIX BonesHen Kak kKpuTepuii 3 HEKTUBHOCTM INUAEMUONOrMYECKOro KOHTpons. XKypHar
Mukpobuosoauu, anudemuonoauu u ummyHobuonoauu. 2020; 97(2): 174-181.

DOI: https://doi.org/10.36233/0372-9311-2020-97-2-174-181

Introduction

Amidst the healthcare reforms unfolding in Rus-
sia, the economic analysis comes to the fore, being
instrumental in making managerial decisions aimed at
achieving maximum effect in disease prevention with
limited labor and money resources. The methods of
economic analysis can be applied to any healthcare in-
terventions, including prevention techniques, to assess
their economic feasibility.

The epidemic control measures, which must be
taken in full and on time to prevent any emergence and
spread of infectious diseases, include sanitary measures
within the Russian Federation, industrial control, re-
strictive measures (quarantine), isolation of patients
with infectious diseases, disinfection measures, preven-
tive vaccination, regular health exams, hygiene educa-
tion and training, etc. Data resulting from socio-eco-
nomic impact assessment of a nosological disease are
traditionally used for selecting targets in prevention
programs of different levels.

The method based on "standard" economic costs
of 1 case was offered and adapted to Russia by L.L.
Shakhanina [1-4] for assessment of economic impact
of infectious illnesses. Weighted averages of economic
burden inflicted by one infectious disease case are quite
informative and can serve the purposes of healthcare
management [4].

Economic impact is estimated in accordance with
GOST R 57525-2017', where "the cost of illness in-
cludes all the costs related to treatment of patients with
a particular disease, both during a particular stage (pe-
riod of time) and during all stages of medical care, as

' GOST R 57525-2017 Clinical and Economic Studies. General
Requirements. Effective date 2018-06-01.
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well as to disability and premature death". Economic
impact of diseases is estimated as burden inflicted on
the economy and is measured in rubles.

In the meantime, numerous objective and subjec-
tive factors that affect economic costs of each disease,
including inflation inputs, make it impossible to provide
accurate estimates required for comparative assessment
of the economic costs of different diseases in their dy-
namics. Difficulties associated with the assessment of
economic impact of diseases impede the possibility to
choose the relevant and most efficient preventive pro-
grams to channel the available limited resources.

The purpose of this study is to perform rank-
based assessment of the economic impact of infectious
diseases in the Russian Federation for the further anal-
ysis of effectiveness of their prevention and for prioriti-
zation of preventive measures.

Materials and Methods

Standard economic costs of one infectious disease
case in Russia were used as inputs for estimation of an-
nual economic burden. Most of the standard economic
costs per 1 weighted average case of infectious disease
are given in publications of I.L. Shakhanina [2, 4]. The
economic cost of one disease case was calculated as the
sum of direct and indirect costs. The direct costs includ-
ed the cost of pharmaceuticals, inpatient and outpatient
care. The estimation took into account clinical forms
broken down by severity. Indirect economic burden
was assessed as the gross domestic product unproduced
because of labor time (days and years) lost due to an
employee’s illness or due to the illness of an employ-
ee’s (acting as a parent or guardian) child. The eco-
nomic costs of a tuberculosis [5] and HIV infection [6]
case were obtained from available publications; costs
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of rotavirus infection [7], pertussis [8], chickenpox and
shingles [9] were calculated during our own studies.

All standard economic costs were adjusted for in-
flation by using data published by the Russian Federal
Statistics Service for the studied time period. The da-
ta on the number of cases of infectious diseases were
obtained from the publicly available statistical reports
(Forms 1 and 2 of the Federal Statistical Monitoring
of Infectious Morbidity in the Russian Federation) for
2009-2019.

The annual cost of a single infectious disease was
calculated by multiplying the standard economic cost
of 1 case of the given disease by the number of cases
registered in a particular year. Further on, the economic
costs of infectious diseases were ranked in descending
order and assessed.

This method was used for the first time by the au-
thors of the article for the State Report on Sanitary and
Epidemiologic Well-Being in 2014, and, later on, it was
regularly used for state reports of Federal Service for
Surveillance on Consumer Rights Protection and Hu-
man Well-Being in 2015-2018.

This article analyzes the dynamics of economic
cost rankings for specific diseases in 2009-2019.

Results

In 2019, Russia demonstrated a 2.4% decrease in
the total number of infectious and parasitic diseases

as compared to 2018: The number of registered cas-
es was 34,338,157 cases against 35,166,730 cases in
2018. The growth trend in the incidence of infectious
diseases was not pronounced, while the incidence of
parasitic diseases declined significantly (Figure). The
last 3 years were characterized by a steady downward
trend in the incidence of infectious and parasitic dis-
eases.

The performed calculations show that the econom-
ic burden resulting from as few as 36 infectious diseas-
es exceeded RUB 646 billion (Table 1). The economic
burden prevented due to decreased incidence of some
infectious diseases amounted to around RUB 3.56 bil-
lion as compared to 2018. In the meantime, due to the
increased number of cases of some nosological diseas-
es, the economic burden increased by more than RUB 7
billion. The absolute economic costs of infectious dis-
eases increased by 1.4% in 2019 as compared to the
previous year. When adjusted for the inflation, which,
as reported by the Russian Federal Statistics Service?,
reached 3% in 2019, the total cost of infectious diseases
went down by 1.6%.

Following the trend started in 2014, the most se-
vere economic burden in 2019 was inflicted by acute re-
spiratory infections, tuberculosis, acute gastrointestinal
infections, chickenpox, HIV infection (newly diagnosed

Russian Federal Statistics Service. URL: https://www.gks.ru
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Table 1. Economic burden of infectious diseases in the Russian Federation in 2019

Infectious diseases

Economic burden, thousand rubles

Acute upper respiratory tract infections of multiple and unspecified sites 518 428 786,5
Tuberculosis (newly diagnosed cases), active forms 32562 991,4
Chickenpox 28 999 139,7
Acute gastrointestinal infections caused by unidentified pathogens, foodborne 15 858 048,5
toxin-mediated infections of unknown etiology

Human immunodeficiency virus (HIV) disease and asymptomatic HIV infection status 10 562 626,4
(newly diagnosed cases)

Rotavirus infection 8431 262,1
Acute gastrointestinal infections caused by identified bacterial and viral pathogens 8242 993,7
as well as foodborne toxin-mediated infections of known etiology

Exposure to infected animal bites, saliva and scratches 4163 413,7
Infectious mononucleosis 4144 779,7
Salmonelloses 2502 405,5
Pediculosis 1932728,5
Arthropod-borne viral fevers and viral hemorrhagic fevers 1829 268,6
Chronic hepatitis C (newly diagnosed cases) 1792 327,7
Influenza 1600 608,5
Lyme disease 1092 414,9
Pertussis, parapertussis 859 826,0
Scarlet fever 742 375,4
Hepatitis A 576 216,2
Bacillary dysentery (shigellosis) 470 647,6
HBV carrier state (newly diagnosed cases) 464 971,5
Meningococcal disease 372 485,2
Measles 284 766,7
Acute hepatitis C 255 266,5
Acute hepatitis B 198 896,9
Brucellosis, new cases 128 338,7
Epidemic parotitis (mumps) 32 307,6
Pseudotuberculosis 32 289,5
Leptospirosis 12 860,7
Tularemia 8097,2
Tetanus 20111
Typhoid fever 1978,0
Rubella 1280,3
Diphtheria 1277,6
Paratyphoid fevers A, B, C and unspecified 329,7
Typhoid and paratyphoid bacteria carriers 329,7
Carriers of diphtheria toxigenic strains 305,8
Total 646 590 653,3
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cases and deaths in 2019). For the first time, rotavirus
infection was separated out of the group of gastrointesti-
nal infections with identified pathogen, and its economic
burden was estimated as ranking sixth. The nosologies
characterized by the highest economic burden in 2019
included exposures to animal bites and saliva, infec-
tious mononucleosis, salmonelloses and pediculosis.

The ranking analysis of the economic costs of in-
fectious diseases in 2009-2019 (Table 2) demonstrated
the largest decrease in the economic burden resulting
from influenza (the ranking changed from the 2 to the
11™ ranking position), rubella (from the 25™ to the 30™
position), acute hepatitis B (from the 17" to the 21% po-
sition) and HBV carrier state (actually, chronic hepatitis
B) (from the 12" to the 17" position) as well as acute
hepatitis A (from ranking 11" to ranking 15™) and shig-
elloses (from ranking 13" to ranking 16™).

At the same time, the economic burden resulting
from measles (down from the 29" position to the 19*
position) and pertussis (from ranking 22" to ranking
13") showed an upward trend. The upward trend was
also observed in the economic impact of hemorrhagic
fevers (from ranking 14" to ranking 9") and Lyme dis-
ease (from ranking 16™ to ranking 12).

As compared to 2018, the ranking results for 2019
showed a decrease in the economic burden of acute and
chronic hepatitis C (by 1 and 2 points, respectively),
scarlet fever, Lyme disease, diphtheria, tularemia (by 1
point). The economic burden of the following diseases
moved up the ranks: hemorrhagic fevers (by 3 points),
measles (by 2 points), pertussis (by 1 point).

Discussion

The offered method of ranking costs associated
with economic burden gave the possibility to compare
not only economic losses caused by different diseases,
but also to cross-reference the burden imposed by each
nosology within 10 years. The analysis of changes in
the rankings of infectious diseases made it possible to
assess the effectiveness of ten-year-long control mea-
sures taken to fight a particular disease. As expected,
the largest reduction of economic burden was achieved
in vaccine-controllable infectious diseases — influenza
(from 2" to 11" position), rubella (moved down by 5
points), hepatitis B and A (moved down the ranks by 4
points). This fact proves another time that vaccination
is the most economically efficient method of epidemic
control, in general, and for rubella [10] and hepatitis
A [11] and B [12], in particular. As for influenza, the
reduction can be also explained by changes in the ap-
proaches to case registration — only laboratory-con-
firmed influenza cases were taken into account during
certain time periods [13].

If a disease moves up the ranks in the econom-
ic burden ranking list, it may be indicative of existing
problems encountered by control measures targeted at
a particular infection. For example, the increased eco-

nomic burden of measles (up from the 29" to the 19*
ranking position) results from the recurrence of en-
demic circulation of measles virus and the increased
number of unvaccinated people who contribute to the
growing number of infection sites’.

The higher ranking positions for the economic
burden of pertussis (moving up from the 22" to the 13*
position) can be explained by the improved accuracy
of infection diagnosis through using more sensitive
laboratory techniques and by the increased participation
of preschool and school-aged children in spreading of
pertussis, thus requiring that the booster vaccination
against this infection should be included in the National
Immunization Schedule [14, 15].

The increased economic impact of hemorrhagic
fevers (up from the 14" to the 9 ranking position) and
Lyme disease (up from the 16™ to the 12" position) sug-
gests not only the improved accuracy laboratory diag-
nostic techniques used for the above diseases, but also
signifies the need to strengthen the measures aimed at
prevention of transmissible infectious diseases amid
changing climate conditions, expanding business activ-
ities within natural focal spots and decreasing scope of
disinfestation measures [16].

The "standard" weighted average economic costs
of 1 disease case can be later revised and corrected, tak-
ing into account regional specific features, among other
things. While previously a number of parameters were
estimated for a group of diseases, for example, for acute
gastrointestinal infections of known etiology, further es-
timations will give more accurate profiles for individual
infections of the given group. For example, we estimated
the burden of 1 case of rotavirus infection [7]. Thus, the
burden resulting from this disease was singled out of the
combined economic losses caused by the group of acute
gastrointestinal infections with the identified pathogen.

Although the burden estimation based on "stan-
dard" weighted average economic costs of 1 disease
case is clearly not accurate and very rough, it is highly
important for planning and prioritizing preventive and
anti-epidemic measures targeted at diseases ranking
high in economic burden.

The invariably high ranking of the burden caused
by chickenpox (ranking 2™ — 3™ among 33 nosologies
in Table 2) emphasizes the urgent need to optimize
the infection control, to use the potential of scheduled
and emergency preventive vaccination for efficient
epidemic control.

Conclusions

1. The ranking dynamics economic burden caused
by infectious diseases can serve as an epidemiological
control performance indicator.

3 The National Scientific and Methodological Center for Supervi-
sion over Measles and Rubella.
URL: http://www.gabrich.ru/measles-center.html

178



KYPHAJ1 MUKPOBMONOTUK, SMUAEMUONOTNN U UMMYHOBUOJTOTUI. 2020; 97(2)
DOI: https://doi.org/10.36233/0372-9311-2020-97-2-174-181

ANCKYCCUN

Table 2. Ranking dynamics of economic burden of infectious diseases (exclusive of tuberculosis and HIV infection)
in Russia in 2009-2019

Ranking (maximum burden = 1, minimum burden = 33)
Nosological forms

2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019

Acute respiratory infections

Acute gastrointestinal infections of unknown etiology
Chickenpox

Acute gastrointestinal infections of known etiology
Animal bites

Salmonelloses

Infectious mononucleosis

Pediculosis

Chronic hepatitis C

Hepatitis A 11 1 15 12 12 10 13 1 1 15 15
Hemorrhagic fevers 14 17 16 15 11 11 1 12 12 12 9
Scarlet fever 15 14 13 14 15 12 15 16 14 13 14
HBYV carrier state 12 13 12 11 16 13 14 15 15 17 17
Lyme disease 16 15 1 - 14 14 12 13 13 1 12
Dysentery (shigelloses) 13 12 14 13 13 15 16 14 16 16 16
Hepatitis B 17 16 17 17 17 16 17 17 18 20 21
Hepatitis C 19 19 19 19 19 17 18 18 17 19 20
Meningococcal disease 18 18 18 18 18 19 21 20 19 18 18
Measles 29 29 24 22 22 20 24 27 24 21 19
Pertussis, parapertussis 22 21 20 20 21 21 20 19 20 14 13
Yersinioses 21 20 21 21 23 22 21 21 23 23 22
Brucellosis 23 23 22 23 24 23 22 22 22 22 23
Pseudotuberculosis 20 22 23 24 25 24 23 23 25 25 25
Leptospirosis 24 24 25 26 27 25 26 26 27 27 26
Tularemia 28 25 29 27 20 26 25 25 26 26 27
Epidemic parotitis 26 28 28 28 28 27 28 24 21 24 24
Typhoid and paratyphoid diseases 27 27 26 29 26 28 27 28 28 28 28
Rubella 25 26 27 25 29 29 30 30 31 32 30
Tetanus 31 30 32 30 30 30 29 29 29 29 29
Diphtheria carrier state 32 31 30 31 31 31 31 31 30 31 32
Diphtheria 30 32 31 32 32 32 32 32 32 30 31
Brill-Zinsser disease 33 33 33 33 33 33 33 33 33 33 33

Note. Color codes for rankings: [ - 1-5; 6 0; I - 11-15; C1— 16-20; [ ]—21-33.
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DISCUSSIONS

2. In response to limited public funding of health-

care, the offered method can be used in setting priorities
for preventive and epidemic control measures.
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Lenbto faHHON paboTbl ObINO U3yYeHUE TEHETUYECKOW CTabunbHOCTM MPOM3BOACTBEHHOMO WTaMMa JIeHWH-
rpaa-16 (/1-16) Bupyca kopu, Ucnonb3yeMoro ansa npounseoacTea BakumHbl AO «HIMO «MwukporeHn».

Martepuanbl n meToabl. B nccnegoBaHMm MCnonb3oBaHbl CEPUU NMPOM3BOACTBEHHOMO M MOCEBHOMO LLITAaMMOB
J1-16 (AO «HINO «MwukporeH»), roToBble Cepun BakLMH KOPU pasnuyHbIX Npou3BoauTeNen, WraMmM reHotuna D6
BMpyca Kopu. MonekynspHo-reHeTu4eckoe uccrnefoBaHne LTaMmMoB MPOBEAEHO C NMPUMEHEHEM NONMMEPa3HON
LiernHon peakummn ¢ obpaTHON TpaHCKpUNUMen, NocrneayoLen pecTpuKLMen n CeKBEHUPOBaHNEM.

PesynbraTbl. [NonyyeHbl MNOMHOMEHOMHbIE MOCMEA0BaTENbHOCTY NMPOU3BOACTBEHHOIO M MOCEBHOMO LUITAMMOB
J1-16 ans npowusBoacTBa BakuuHbL. [MocnegoBaTenbHOCTL BaKUMHHOMO LWiTamma npeacTtaBneHa B GenBank.
Ltamm J1-16 reHeTnyeckn ctabuneH. MNonyvyeHHble JaHHbIE MO3BONUIN NPOAEMOHCTPUPOBATL BO3MOXHOCTb UC-
nonb3oBaHusa Metoga OT-TMLUP ¢ nocneaytolen pectpukumen anst NogTBEPXKAEHMS MNOANIMHHOCTU BaKLUHHOMO
wtamma J1-16 B roTOBbIX MOHO- U TPEXKOMMOHEHTHBLIX (hOpMax BaKLMH.

3akntoueHue. PesynbraTbl NPOBEAEHHOIO MCCNEAOBAHMS NO3BONST NPEANONOXNUTb BO3MOXHOCTb MPUMEHEHMS
MOSEKYNSIPHO-FEHETUYECKUX METOLAOB ANsi NOATBEPXKAEHWUSI NOAMUHHOCTA U3YYEHHBIX LUITAMMOB HE TOMbKO Ha
aTanax npou3BOACTBA, HO U B FOTOBbIX CEPUSIX BAKLVH.

Knroyeenle crioea: supyc kopu wmamm JleHuHepad-16; eeHemuuyeckasi cmabusibHOCMb;, Memod MouMopgu3-
Ma OnuH peCMPUKUUOHHBIX (hpacMeHMmos.

UcmoyHuk ¢huHaHcupoeaHusi. ABTOPbI 3a8BMSIOT 06 OTCYTCTBUM (PUHAHCUPOBAHWS MPU NPOBEAEHWN UCCrie-
[l0BaHus.

KoHgbriukm uHmepecoe. ABTOpbI AeKNapupyoT OTCYTCTBUE SIBHLIX U MOTEHLUMANbHbIX KOH(MMKTOB NHTEpPEe-
COB, CBSI3aHHbIX C NybnvKauunen HacTosLweR CTaTbu.
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MonekynsipHo-reHeTu4eckoe nccnefoBaHune Wwramma JleHmHrpag-16, ncnons3yemoro Ans NponsBOACTBa
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Aim. To study the genetic stability of the measles virus strain Leningrad-16 (L-16) used for the production of
vaccine at JSC NPO Mikrogen.

Materials and methods. A series of production and sowing strains of L-16 (JSC NPO Mikrogen), ready-made
series of measles vaccines from various manufacturers, and the strain of measles virus genotype D6 were
studied. Molecular genetic study of the strains was performed using RT-PCR followed by restriction analysis and
sequencing.

Results. The complete genome sequences of the production and sowing strains of L-16 that are used for vaccine
production were obtained. The sequence of the vaccine strain was deposited in GenBank. Strain L-16 was
confirmed to be genetically stable. The obtained data demonstrated the possibility of using the RT-PCR method
with subsequent restriction analysis to confirm the authenticity of the vaccine strain L-16 in finished mono and
three component vaccines.

Conclusion. The results of the study suggest the applicability of the molecular genetic methods to confirm the
authenticity of the studied strains not only at the production stages, but also in the finished series of vaccines.

Keywords: measles virus strain Leningrad-16; genetic stability; restriction fragment length polymorphism method.
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Kopb siBisieTcs: BHICOKOKOHTarno3HbIM 3a00JieBa-
HUEM, XapaKTepU3YIOLUIUMCs B MPOAPOMAILHOM Iepu-
0JIe TUXOPaJKOH, KalieM, HAaCMOPKOM, KOHBIOHKTHBH-
TOM, C [TOCJIEAYIOLIUM IOSBIEHUEM I'€HEepaTu30BaHHON
MakyJsomnamnyyne3Hoi ceinu [1, 2]. Bupyc xopu, BbI3bI-
BaIOIIMH JaHHOE 3a00JIeBaHUe, OTHOCUTCS K pory Mor-
billivirus, cemeiictBy Paramyxoviridae [1,2]. Ha ocHo-
BaHUU JJAHHBIX O HYKJIEOTHIHOM MOCIe10BaTeIbHOCTH
pasnuuaroT 24 reHotumna Bupyca kopu. [enorunupona-
HUE TMPOBOAAT MO HYKJIEOTHIHOW MOCIeI0BaTeIbHO-
ctu He MeHee 450 m.H., kogupyromeir COOH-koH1eBoi
(parmenT Oenka nykieonporenHa N [1, 2]. CpenctBom
npoQuIakTUKN 3a00NeBaHus SIBISETCS MCIOJIB30BAHNE
JKUBOW BaKLIUHBI KOPU, JJIs1 IPOU3BOJCTBA KOTOPOU MpU-
MEHSIIOT arTeHyupoBaHHble mrTammsbl. [IItamMber Mora-
ten, AIK-C, Schwarz, Edmonston-Zagreb u Edmonston
B nomyuens! u3 ucxonHoro mramma Edmonston, mram-
Mbl CAM-70, Shanghai-191, Changchun-47 u Jlenun-
rpaa-16 (JI-16) nomy4enst He3aBucumo [3—6]. I1pu atom
mrammbl Changchun-47 u JI-16 naccupoBajiuch Ha pas-
HBIX KYJIBTypax KJIETOK, HO MMEIOT OOILIETO «IIpapouTe-
ns» — wramm Jlenunrpan-4. Bee ykazaHHble BaKIMH-
HBIC IITAMMBI OTHOCSTCA K reHoTUIly A [2—6].

B Poccuu BakimHa KOpeBasi KyJIbTypaJIbHAsl XKU-
Bas npousBoautcs AO «HIIO «Mukporen» u ®bYH
I'HL] Bb «Bekrtop». Oba npou3BomuTemsl MCIOIb3Y-
10T onuH mwtamm — JI-16. CoBpemeHnHble TpeOOBaHUS
K TPOM3BOJCTBY BaKLMHHBIX IPENaparoB, COJEpKa-
LIMX JKUBBIE LITAMMBbl BUPYCOB, NPEAINOIAraloT KOH-
TPOJb T€HETHYECKOW CTaOWIBHOCTH MPOU3BOJCTBEH-
HBIX IITAaMMOB, B TOM YHCJI€ IITaMMOB BHpYyca KOpHU
(ILIBK), uto pekomennoBaHo International Conference
on Harmonisation of Technical Requirements for
Registration of Pharmaceuticals for Human Use (Mex-
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JyHapoHas KOH(epeHIHsl 0 TapMOHHU3aLUHI TEXHUYE-
CKUX TpeOOBaHUH K PErHCTPALMH JIEKAPCTBEHHBIX Mpe-
naparoB Juisi yenoBeka)' u [ocynapcTBeHHOI (apmako-
neeit PO2. Bee npousBoautenu, kpome Serum Institute
of India (Muaus), cnenanu noctynHoid MHGOPMALHIIO
0 HYKJIEOTHJIHOM cTpyKType npousBocTBeHHbIX HIBK
1 00 MX reHeTudeckoil crabuibHocTH [3—6]. MHbOp-
Malys O HyKJIEOTUHON CTPYKTYpe IITAMMOB JJIs1 KOH-
TPOJsSL MOJUIMHHOCTH BaKIMHHBIX IITAaMMOB, MPUYEM
HE TOJBKO Ha 3Tanax MPOU3BOJICTBA, HO U B TOTOBBIX
CepHsIX BAKIMHBI, O3BOJSET MPUMEHUTHh MOJEKYISp-
HO-T€HETUYECKUE METO/IBI.

locynapctBennas Qapmakonest PO nns mon-
TBEPXKACHUS MOATUHHOCTHU npon3BoacTeeHHoro [HIBK,
KakK ¥ MPOU3BOJCTBEHHBIX ITAMMOB MapOTUTA U Kpac-
HYXH, pPEerIaMEHTUPYET UCIOIb30BAHNE PEAKIIMH HEH-
Tpanusaimu’. Jjii BUPYCOB KOpH, HMAapoOTUTa U Kpac-
HYXH U3BECTEH BBICOKMI CEPOJOTMYECKUN MEPEKPECT
MEXJly HITaMMaMHd — HMMMYHHasl ChIBOPOTKa, IOJY-
YeHHasl K BaKIMHHOMY LITaMMy, 00JlalaeT BUPYCHEH-
TpaJIU3YIOIIEH aKTUBHOCTBIO IO OTHOLIEHHIO K APYTUM
mrammaMm cemelictBa [7—11]. Takum oOpa3om, MeToj
HEHTpanu3aluyd BaKIMHHOTO IITaMMa crnenuguye-
CKOMl MMMYHHOH CBIBOPOTKOM IIO3BOJISIET TOJIBKO IOJ-
TBEPJUTH MTPUHAIIEKHOCTh UCCIIETYEMOr0 BaKIIMHHOTO
LITAMMa BHpYyca K poAy u cemeiictsy. Hanporus, meton
nonuMophu3Ma JUIMH PECTPUKIMOHHBIX (parMeHTOB
(ITAPD) (restriction fragment length polymorphism —

' ICH Guidance, Q5D: Derivation and Characterisation of Cell
Substrates Used for Production of Biotechnological/Biological
Products (63 FR 50244; September 21, 1998).

2 ®C.3.3.1.0032.15. BakiHa KOpeBasi KyJIbTypajibHas )KHBas.
URL: https://pharmacopoeia.ru/fs-3-3-1-0032-15-vaktsina-kore-
vaya-kulturalnaya-zhivaya/
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RFLP) no3BosisieT noATBEpAUTH MOUIMHHOCTH UMEHHO-
r'0 BaKIIMHHOTO IITaMMa, YTO ObLIO MPOAEMOHCTPUPOBA-
HO 7151 BUpyca napotuta JIeHuHrpaza-3, Bupyca KpacHy-
xu mwtamma RA-27/3 u LIBK Shanghai-191 [11-13].

Hessio HacTosimiel paboThl OBUIO MCCIIENOBaHUE
CTPYKTYpBl Npou3BojcTBeHHOro u mnocesHoro IBK
JI-16, ucnonszyemoro AO «HIIO «Muxkporen» nis
IIPOU3BOJCTBA MOHOBAJICHTHOM M TPEXKOMIIOHEHTHOU
BaKIIMH, a TAaK)X€ H3yuyeHHE BO3MOKHOCTH INpPHUMEHe-
HUSL MOJIEKYJISIPHO-T€HETHUYECKHX METOM0B I MOJ-
TBEPKJAEHUSI MOJUIMHHOCTH IPOU3BOJICTBEHHOTO IIITaM-
Ma B TOTOBOH (popme BaKLMHBI.

MaTepman bl 1 MeToAbl

B pabore ucnonszoBan Bupyc kopu resoruna D6
(MV226, Mvi/Luxembourg LUX/30/97/2), moGe3no
npenocrapieHubiil qokropom C.P. Muller [8]. ltamm
MIPUMEHSJICSI B KayecTBE KOHTPOJSI IPU MPOBEICHUU
PECTPUKIIMOHHOTO aHanu3a BakuuHHbIX [IIBK.

B pabore ncrnonb30BaHbl BaKIMHBI CIEAYIOLIMX
MIPOU3BOJAUTENEH:

1) AO «HITO «Mukporeny:

* npousBosacTBeHHbIH IIBK JI-16 (cepus Ne 10);

 nocesHoi LIIBK JI-16 (cepus Ne 200);

* KOMOMHMpOBaHHAs BaKUWHA MPOTUB KOPH,
KpacHyxu M napotura «Bakrtpusup» (cepun
MO00153k, M00203k, M002153k);

* BaKIMHA [IPOTHUB KPACHYXHU KYJIbTypajibHasl KH-
Bas aTTeHyHpOBaHHas (0/lHA cepus);

* BaklMHA MapoTuTHas (wrtamm JleHunHrpan-3,
OJlHA cepusl);

* BaKIIMHA KOpeBas JKMBasg AaTTEeHyUpOBaHHAs
(mrramm JI-16, Tpu cepun);

2) «Serum Institute of India» — BakunHa NpPOTHB
KOpH, TIaPOTHTa M KPAaCHYXH >KUBasi aTTeHYHUpPOBaHHAsI
(ueTbIpe cepun);

3) «GlaxoSmithKlien Biologicalsy — «IIpuo-
PHUKC», BaKIMHA MIPOTHB KOPH, NApOTHTAa M KPACHYXH
JKUBas aTTeHyHUpOBaHHast (TPU CEPUHN);

4) «Merck & Co., Inc.» — «ProQuad», BakiuHa
NPOTUB KOPH, NAPOTUTA, KPACHYXH M BETPSHOU OCIIBI
(onHa cepus).

Hns Beigenenns PHK n3 o0pasnoB npumensiu
Habop «PUBO-cop6» («AmmmuCenc», Poccust), Bbize-
nennas PHK naxoannace B o6beme 50 MKJI.

[Ipu npoBeneHun peakuuy 0OpaTHOM TPaHCKPHII-
mun (OT) u ruzponusa 3HAOHYKJIEa30H pPECTPUKIUU
MCIIOJIb30BaIM ()ePMEHTHI M KOMIIOHEHTBI PEaKIHOHHBIX
cmeceit npoussoactBa HITO «Cu63u3um» (Poccust).

[Mnasmuna pUCLI6 (HIIO «CubdH3uM», Kar.
No D19) cnyxkuna B KauecTBE MOJIOKUTEILHOTO KOH-
Tpoist npu npoeaenuun OT-IILP wu ITAP®. JHK
miazmuael pUCLL6 cocraBnsger 3568 m.u. [lnasmuna
COJIEPKUT YHUKAJIbHBIE CaiiThl y3HaBaHus i1 EcoR1,
Sacl, Kpnl, Xmal, BamH1, Xbal, Sall, Hincll, Accl,
Pstl, BspM1, Sphl u HindIll, nokanu3oBanHsie B Mo-
nunuHKepe. [lnasmuna conepKuT BCTaBKy (parmeHnrta

k/IHK Bupyca xopu, mramm JI-16, nnmunoit 882 m.H.,
COOTBETCTRYIOIIHME mo3unusiM 1466-2324 mn.H. B reHo-
Me BUpyca Kopu. @parMeHT UMEET CalUThl PECTPUKIIUU
pectpukrazamu BstSFI u Ceil .

Peaknus OT npoBoamiiach B yCIOBHSIX, OJPOOHO
onucanHeix panee [12]. [lomumepasHas nemnHas peak-
uus (ITLP) ocymiecTrisiiach B T€X e MPOOUPKaX, YTO
u OT, nockosnbky Bce HeoOxoaumble jutst [P kommo-
HEHTBHI YK€ COJep)KajuCh B pacTBOpax, a MaTpHiel
cinyxuna k/IHK, napaborannas ¢ supycuoit PHK. Pe-
XKUM TEPMOLMKIUPOBAHUS TOJHOCTHIO COOTBETCTBO-
BaJl onmucaHHoMy paunee [12].

[Mocne mpoxoxaenus TP k 25 Mk momyden-
HOM cMecH 100aBIsin 5 MK Oydepa st peCTPUKLUT
«ROSE» (xat. Ne B021) u 20 MK BOAibI, 3aTeM JI€IH-
JIX Ha 2 aJUKBOTEI IO 25 MKI U K OJHOI U3 HUX IO-
Oasnsn 1 mxn pectpukrassl Ccil. [Tocne nakyOanuu
B TeueHue 1 4 npu 37°C npoOwl Hanocunu Ha 1,5%
arapo3Hblil refb U npoBoauiu aekrpodopes B TAE-
oydepe.

Jns  ompeneneHus: TMOJHBIX —IOCJEIOBaTElNb-
HOCTEH NPOM3BOACTBEHHOTO IITaMMa M MOCEBHOTO
HIBK JI-16 (AO «HITO «Mukporen») ObuiM CHHTE-
3UpPOBaHbl NpaliMepbl, MOJTHOCTHIO MEPEKPHIBAIOIINE
[10CJIeI0BAaTEIbHOCTh T'€HOMa BUpPyCa KOpH C IIaroM
500 m.u. [14].

CekBeHHpOBaHUE MPOBOAWIM Ha mpudope «Prism
310 Genetic Analyzer» ¢ wucnonb3oBaHHeM Ha0O-
pa «BigDye Terminator v.3.1 Cycle Sequencing Kit»
(«Applied Biosystems»). /laHHbIe CEeKBEHMPOBaHUS aHa-
JM3UPOBAJIM C TIOMOLIBIO TporpamMMel «Chromas 2.22»
(«Technelysium Pty Ltd.»).

Pesynbratbl

W3yueHue nepsuyHol cmpykmypebl
NOJIHOPA3MepHbIX 2eHOMO8 NPOU3800CMBEHHO20
u nocesHoeo LLIBK J1-16

IIpousBoncteennsiit IIIBK JI-16 (cepus Ne 10,
npurotosieHHas B 1993 r.) npomen 21 naccax B nep-
BUYHOU KyJIBTYpe KJIETOK IMOYEK MOPCKUX CBHHOK U 4
raccaxka B IepBUYHON KyJIbType KIeTOK puopo0iacToB
simonckux nepenenoB. [locesnoit IIBK JI-16 (cepus
Ne 200, mpurorosnennas B 2003 1.) mpomen 21 mac-
CaX B MEPBUYHOW KYJIBType KJIETOK MOYEK MOPCKUX
CBUHOK M 6 maccakeil B MepBUYHON KYJIBType KIIETOK
(hubpoOIacToB SIMOHCKUX TiepernenoB. B nporiecce npo-
HU3BOJICTBA F'OTOBOM CEPUU BaKLMHBI IOCEBHOW BUPYC
mpoxonuT 1 maccax B KyJbType KIeToK GpuoOpoliacToB
SITOHCKUX IIE€PETETIOB.

Pesynbratel  cexBenupoBanus kJIHK mnpous-
BOJCTBEHHOTO MTaMMma mpeacraBieHsl B GenBank
(Ne JF727649). CpaBHUTENbHbIE PE3YJBTAThl CEKBEHU-
poBanus k/IHK nocesnoro Bupyca u x/IHK, nonxyden-
HO¥1 13 roToBoii cepun BakuuHbl (GenBank JF727650),
IIPUTOTOBJIEHHON M3 yKa3aHHOTO MOCEBHOTO BHpYCa,
CBUJETEILCTBYIOT O TOM, YTO HYKJIEOTH/HBIE TOCIE-
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JIOBAaTEJIbHOCTH WJEHTUYHBI TOCIIE0BATEIbHOCTIM
[IPOM3BO/ICTBEHHOI0 HITaMMa. JTO FTOBOPUT O TOM, YTO
mramMm JI-16 AO «HIIO «Muxkporen» reHeTudecku
cTaOuIICH Ha JTarax MPOU3BOACTBA BAaKLIMHBI.

Bouibop ¢ppaemerma LLIBK JI-16, npu2o0Ho20
0719 noOmaeepx0eHUA NOOSIUHHOCMU WMamma
memooom [MPO

Hnsa HIBK JI-16 BeIOOp (pparMeHTOB Al Naiib-
Heiiuero ucnosibzoBanus [IJ[P® ocyectsisics B co-
OTBETCTBUU C KPUTEPUSAMH, ONTMCAHHBIMU paHee [12].

s ananusa u3 6a3bl nanHeix GenBank BbIOpaHbI
pedepeHCHbIE MOCIIENOBATSILHOCTH BCeX 24 TeHOMOB
BHpYyCa KOPY U BCEX BAaKIMHHBIX IITaMMOB. B kauecTBe
MEpBOTO Ilara aHaju3a MPOBEICHO CpaBHEHHE pede-
peHcHbIX nocneaoBarensHocTel o COOH-koHIIEBOMY
(parmenTy Oesnka HykieornporenHa N mo3unuu 1126—
1575 H.0., T.e. 00IACTH, UCIIONB3YEMOM JIJISl TCHOTUITHU-
poBaHMs. AH&JIN3 MHOXECTBEHHOIO BbIPAaBHUBAHUS
MOKAa3bIBaCT, 4TO pedepeHCHass MOCIeI0BATEIbHOCTh
reHOTHIIa A BHpYyca KOpPU OTIIMYAETCS OT peepPEeHCHBIX
[OCJIE/IOBATENbHOCTENH JIPYTUX T'€HOTHUIIOB B IMO3HMLIUU
1547 (nykneotuaHslit octatok T, B TO BpeMs Kak B Apy-
rux nociuenosarenbHocTax — G). Hykneotnanelii ocra-
ToK T BXOZWT B COCTaB CcaiiTa y3HaBaHUs PECTPUKTA3bL
BstSFI (CTATAG), uto nenaet BO3MOXXHBIM HCIOJB30-
Banue merona [1JIP® mns auddepenumanum reHoTuna
A OT Ipyrux reHOTHIIOB 3a oauH mar. M3 48 momHore-
HOMHBIX TI0CJIEIOBATENIbHOCTEW TI'eHOTUNa A BHpyca
kopH, TipencrabieHHbix B GenBank, 43 comepaxar caiit
y3HaBaHus pectpukrasbl BstSFI B Bune nocnenoparens-
Hoctu CTATAG. Cpeau BakIMHHBIX IITAMMOB TOJBKO
mramm Shanghai-191 He conepkuT 3TOTO Caiira.

[IpoBenennniit BLAST-ananu3 He BBISIBUI HpH-
CYTCTBUS CaiiTa 3TOM PECTPUKTA3bl B JAHHOM y4YaCTKE
reHoMa B IITaMMaX, OTHOCSIIMUXCS K APYTUM T€HOTH-
nam. Takum o6pazom, meton [1/IPD ¢ ucnonb3oBanuem
pectpuxrassl BstSFI (Sfel) MmoxkeT mo3BonUTh € BBICO-
KO creneHbro TouHOCTH (~90%) onpenenuTs npuHaI-
JIS)KHOCTBH IITaMMa K TeHOTHITY A.

HAYKA VI TIPAKTUKA

Jia  anHanuM3a HYKJIEOTHJHBIX I10CJIEI0BATENb-
HOCTEll BBIOpAHBI MOJHBIC IOCIEAOBATEIILHOCTH Te-
HOMOB BaKIMHHBIX IITAMMOB BHpyca KOpHU M3 0a3bl
nmanHeix GenBank: AIK-C (AF266286, AB046218),
Moraten (AF266287), Morten (FJ211583), Schwartz
(FJ211589), Edmonston-Zagreb (AY486083), CAM-70
(DQ345722, DQ345721), Changchun-47 (FJ416068),
Shanghai (FJ416067), JI-16 (JF727650, JF727649).
MHOXECTBEHHOE BBIPABHMBAHHE IOCIIEI0BaTEIbHO-
CTell BaKIMHHBIX IITAMMOB M pe(epeHCHOro mraMmMa
renotuna A Edmonston ¢ menbio BbISBICHHS HYKJIEO-
TUJHBIX 3aMeH, npucymux toapko LIBK JI-16, noka-
3aJ10, 4TO 3TOT IUTAMM HMEET YHHUKAaJIbHbBIE 3aMEHbI
(Tadamnua).

JBe u3 4 yHUKaIBHBIX 3aMEH (POPMUPYIOT CAHUTHI
9HJIOHYKJIEA3 PECTPUKLUMHU (MOAYEPKHYTHI B Tabnue),
KOTOPBIC MOXHO HCITIOJIb30BaTh Jiis T dhepeHInanun
IIBK JI-16 ¢ momomisto metoga ITJIP®D. DTo caiiTel
TCATGA (Ccil) u CATG (Fatl u Fael) Bozie no3uunun
2143, a taxxke cadt AGCT (Alul u AluBI) Bo3sne no-
surnuu 7190. {ns nposenenus runponusa kJIHK npen-
CTaBIsieTCsl YAOOHBIM MPUMEHSTH 0oJiee KPYITHOLIeTIsI-
uryto pecrpukrasy Ceil.

BLAST-ananu3 ¢parmMeHTa, KOTOpPBI COACPKUT
caiit TCATGA y IIBK JI-16, moka3an, 4To 3TOT CaMT
HE COZCP)KUTCS HU B OJHOM M3 OIMyOJIMKOBaHHBIX Te-
HoMOB Jpyrux HIBK — kak mpunajyexamumx K reHo-
TUny A (BKJIIOYas BCE BaKLMHHBIC IITAMMBI), TaK U B
JIpyrux reHotunax. Takum oOpa3oM, STOT CalT MOXKET
CIIY’KMThb YHHUKaJbHBIM MapKepOM JJaHHOTO BaKI[MHHO-
ro IITamma.

Bobibop npatimepos 0719 amniugukayuu y4acmea
eeHoma c catimom TCATGA 8 no3uyuu 2143, pacuem
0J1UH (hpazmeHmMo8, 06pasyUUXCA NpU 2UOposIU3e

MLJP-npodykma
Hns ammudukanuu (parMeHTa, COAEpKaIlero
caiit TCATGA, Obutt 1o100paHbl paiMepbl, MO3BO-

nsiroiue  aMM@uuupoBark (gparmMeHt AnuHOM 378
n.H.: L1970f 5' CAG GCA GTT CGG GTC TCA GCA

CpaBHeHue oTnn4Mi reHomoB WwTamma J1-16 1 Apyrmx BakLMHHBbIX LITAMMOB
Comparison of differences in the genomes of Leningrad-16 strain and other vaccine strains

Hykneotug B reHome wramma J1-16 Hykneotuna B ApyrMx BakLUMHHBIX LUTAMMax
Mosnuusa (KOHTEKCTHast nocnefoBaTenbHOCTb) (KOHTEKCTHast nocnefoBaTenbHOCTb)
Position Nucleotide in the genome of Leningrad-16 strain Nucleotide in other vaccine strains
(context sequence) (context sequence)
2143 C T
TTATTATGTICATGATCACAG TYRTTAYGTTTATGATCACAG
3586 Cc T
GATGAATGCTCTATGTACATG GATGAATGCTTTATGTACATG
7190 T Cc
AGCATCAAGCTCACCTGAAAT AGCATCAAGCCCACCTGAAAT
9117 A G
GGAACCAATCACAGATAGGGC GGAACCAATCGCAGATAGGGC
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3'; L2324r 5' CAG AAG CCC TGA ACC CCA TAG
AGA 3'. B pesyasrare [ILP ¢ mpumenenueM 3TuxX
npaiiMepoB Oyaer aMIuiMUIMPOBaThCs (HparMeHT
JHK nnunoit 378 m.H., conepKauuii CalT pecTpUKTa-
3b1 Ccil, umeromutiics Tonbko y mramma JI-16. [Tocne
o0pabotku pectpukrasoii Ccil ator pparmenrt (B city-
yae ucnonp3oBanus B peakuu kIHK mramma JI-16)
pacniagercs Ha 2 ¢parmenTa ¢ jummHamu 175 u 203
1.H. B KauecTBe MONOKUTEIBHOTO KOHTPOJIS [TPH MIPO-
BEJCHUHU PEaKLUU BO3MOXHO HCIIOIb30BaHKE TIIa3MH-
et THK pUCL16 (HITIO «Cub2H3uM»).

IIpy npuMeHEHUM BBIICONUCAHHBIX IIpalMe-
poB Oynet monydeH gparmeHT anuHoi 378 n.H. [Ipu
ruaponuse gpparmenta pectpukrazoi Ccil OyayT mo-
ny4yensl pparmenTs! jmuHoi 175 u 203 n.u. lpu uc-
MOJIb30BAHUU MpaiMepoB aisl aMIuiMpuKanuu ¢par-
MEHTa JUIsl TeHOTHNHUpOoBaHus [2, 14] Oyaer nonyyeH
(dparment mmHOW 481 T.H. ¢ CallTOM PECTPUKIIMU
pectpukrazoir BstSFI. Ilpu rumpomnmse ¢parmenra
pectpukrazoir BstSFI OynyT momyueHsl parMeHThI
qunHou 188 1 293 m.H. (puc. 1).

Pe3ynemamei OT-TLP ¢ nocnedytoweli
pecmpukyueli pecmpukma3sou Ccil 8 obpasyax,
codepxxaujux LIBK

Hns Beinenenust PHK u mocnenyromero mpose-
nenust OT-IILP ¢ pectpukuueit ucnons3osanu HIBK
1 00pa3ipl TOTOBBIX ()OPM BaKIMHBI Pa3IUYHBIX MPO-
m3Bonuteneid. Pesynprar OT-IILIP ¢ mnocnemyromieit
pecTpuknueil mpeactaBieH Ha puc. 2. [lpu ammmu-
(uKanMy MOCEBHOTO IITAaMMa M ITaMMa M3 TOTOBOM

2

(hopMBI BaKIMHBI OTYy4EH aMIUIMKOH C MpeJronarae-
Mol pacuetHo# nauHOM 378 n.H. I1pu pectpukuuu no-
JY4YEeHHOTO aMIUIMKoHa pectpukrazoi Ceil momyueHst
2 ¢parmeHTa ¢ pacueTHbIMU JuTHAMU 175 1 203 1.H.

IIpu nposenenun OT-IILIP ¢ mocnexyromieit pe-
crpukuueii LIIBK renotuna D6, rotoBbIx popM BaKIIUH
Pa3IMYHBIX NPOU3BOAMTENEH, COAEpKALUX pPa3HbIE
[IIBK, nonmyyeH aMIUIMKOH PACUETHON AJUHBI, OJHAKO
pe3yiabrar ero pecrpukuuu pecrpukrazoii Ccil orpu-
LATeNbHBINA: ()parMEHTHI ¢ PacueTHBIMH JyIMHAMHU 175
u 203 1.H. He noxy4deHsbl (puc. 2). ITO CBA3aHO C TEM,
YTO IITAaMMBI APYTUX T€HOTUIIOB BUpyca kopu u LIIBK,
HCIOJIb3yEMBbIE JPYTUMHU IPOU3BOJUTEINSIMU, HE COZEP-
xart cait pectpukuun Ccil Bo ¢parmente reHoma c
1970 no 2324 n.o0.

[Ipu npoeaenun B Tex xe ycnoBusx OT-TILP ¢
MOCJIEAYIONIEN pecTpUKIMed BaKIIMH MPOTHB MapOTHU-
Ta u kpacuyxu npousBoactsa AO «HIIO «Mwukporen»
¢parmMenT qunHOU 378 1.H. aMIuIMUIMPOBAH HE ObLI,
T.€. pe3yJbTar ObUT OTPULATEIILHBIM.

Takum 06pa3om, BHIOpaHHbIE paiiMephl TTO3BOJIS-
tot npoBect OT-TILIP Bcex PHK, BoIgeneHubix u3 00-
pa3LoB, co/iepKaIIUX BUPYC KOPH, U MOTYYUTh aMIUIH-
KOH pazMepom 378 1.H. (puc. 2). Toabko Te pparMeHTsl,
KOTOPBIE COZIEPKaT CAlT PeCTPUKIIUH IS PECTPUKTA3HI
Ccil, xapakrepusiii st ILIBK JI-16, npu npoBeaeHun
PECTPUKIMH MO3BOJISIOT MOTYYHUTH 2 parMeHTa JIjiu-
Hamu 175 u 203 n.H.

Takum 00pa3oM, MpeJIOKEHHBIA I aMIUTH(u-
Kalliu ¢ mocienyoined pecrpukiueit pparment [HIBK
JI-16 mo3BonsieT NOATBEPAUTH MOAJUHHOCTDH IITaMMa

5

<«— 378 bp

<— 203 bp

<— 175 bp

Puc. 1. T'mgponus MUP-npoaykToB, nony4eHHbIX nocne amnnudukaumm dpparmeHtos AHK nnasmugsl pUCL16.

1 — amnnukoH AnvHon 481 n.H., coaepxaluuii canT pecTpuKuMmn pectpukrason BstSFI; 2 — npoaykTel ruaponusa amnnnkoHa pecTpukTason
BstSFI (188 n 293 n.H.); 3 — mapkep AnuH dpparmeHToB «100 bp» (HMO «Crnb6IH3MM»); 4 — amnnukoH AnvHon 378 n.H., coaepxalyuii cant
pecTpukummn pectpukTason Ccil; 5 — npogykTsl rugponusa amnnumkoHa pectpuktason Ccil (175 n 203 n.H.).

Fig. 1. Cleavage of PCR products amplified from plasmid pUCL16.

1 — amplicon of 481 bp in length carrying a recognition site of restriction enzyme BstSFI; 2 — products of amplicon hydrolysis by BstSFI
restriction enzyme (188 and 293 bp); 3 — DNA marker of fragment lengths «100 bp» (NPO SibEnzyme); 4 — amplicon of 378 bp in length
carrying a recognition site of restriction enzyme Ccil; 5 — products of amplicon hydrolysis by restriction enzyme Ccil (175 and 203 bp).
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il

175 bp —

1 2 3 4 5 6 /7 8 9 10 11 12 13 14 15 16 17 18 19 20

Puc. 2. Pesynbratel NOP®-ananusa npogyktos OT-MUP obpasuos PHK, nony4yeHHbIX 13 BaKLUH pasnnyHbIX
npou3BoguTenen, cogepxalumx n He cogepxawux wramm J1-16 Bupyca Kopu.

Lopoxku 1, 18 : mapkep anvH pparmeHToB «100 bp» (HIMO «Cnub63H3MM»); 2 — amnnukoH nnasmuabl pUCL16 (378 n.H.);

3 — MAP®-aHann3 amnnukoHa nnasmugel pUCL16 (175 n 203 n.H.); 4 — amnnuKoH, nonyyveHHbI B pesynbsrate OT-MNLP npenapata PHK,
BblAEMNeHHOro 13 nocesHoro wramma J1-1; 5 — MAP®-aHann3 amnnnkoHa Ha LOpOXKe 4; 6 — aMMNIMKOH, NONyYEHHbIN B pe3ynbraTte
OT-IMUP npenapata PHK, BblAeneHHOro n3 rotoBo cepum MoHoBakUMHbI kopu (wtamm J1-16, AO «HIMO «MwukporeH»);

7 — NAP®-aHann3 amnnmkoHa Ha Jopoxke 6; 8 — aMnnMKoH, nonyyeHHbi B pedynsrate OT-MNLP npenapata PHK,
Bbl4EMNeHHOro 13 rotoBon cepun BakumHbl «Baktnesup» (AO «HIMO «MukporeHy); 9 — MNOP®-aHanus amnnmkoHa Ha Aopoxke 8;
10 — amnnukoH, nony4veHHbin B pesynsrate OT-MNLP npenaparta PHK, BbiaeneHHoro 13 rotoBon cepumn BakumHbl Serum Institute of India;
11 — MAP®-aHann3 amnnunkoHa Ha gopoxke 10; 12 — aMnnuKoH, nonyyeHHbln B pesynstate OT-MLUP npenaparta PHK,
BblJEMNEHHOro 13 roToBow cepun BakumHbl GSK; 13 — MOP®-aHan13 amnnunkoHa Ha gopoxke 12;

14 — amnnukoH, nonyyeHHbin B pesynsrate OT-MUP npenapata PHK, BblgeneHHOro 13 rotosow cepun BakumHbl «Mercky;

15 — MAP®P-aHanu3 amnnvkoHa Ha Jopoxke 14; 16 — amnnukoH, nonyyeHHbIn B pesynstate OT-TLP npenaparta PHK, BbigeneHHoro
13 Wwtamma Bupyca kopu reHotuna D4; 17 — MNOP®-aHann3 amnnvkoHa Ha Jopoxke 16; 18 — aMNnKoH, NomyYeHHbIN
B pesynbrate OT-MLP npenaparta PHK, BblaeneHHoro 13 rotoBon cepum BakuuHbl napotnta AO «HIMO «MukporeHny;

19 — amnnukoH, nonyyeHHbln B pesynstate OT-MLP npenaparta PHK, BblgeneHHOro n3 rotoBow cepun BakUMHbI
kpacHyxn AO «HIMO «MwukporeH».

Fig. 2. RLFP analysis of RT-PCR of RNA samples isolated from various manufacturers’ vaccines containing
and not containing the Leningrad-16 strain of the measles virus.

Lines 1, 18: DNA ladder «100 bp» («SibEnzymey); 2 — amplicon of plasmid pUCL16 (378 bp); 3 — RFLP analysis of the amplicon on line 2
(175 and 203 bp); 4 — amplicon produced by RT-PCR of RNA isolated from a sowing Leningrad-16 strain; 5 — RFLP analysis of the ampli-
con on line 4; 6 — amplicon produced by RT-PCR of RNA isolated from final series of measles monovaccine (Leningrad-16 strain, «Micro-
gen»); 7 — RFLP analysis of the amplicon on line 6; 8 — amplicon produced by RT-PCR of RNA preparation isolated from the final series of
the vaccine «Vactivir» («Microgen»); 9 — RFLP analysis of the amplicon on line 8; 70 — amplicon produced by RT-PCR of RNA isolated from
final series of vaccines from Serum Institute of India; 77 — RFLP analysis of the amplicon on line 710; 12 — amplicon produced by RT-PCR of
RNA isolated from final series of vaccines GSK; 13 — RFLP analysis of the amplicon on line 72; 74 — amplicon produced by RT-PCR of RNA
isolated from final series vaccines «Merck»; 15 — RFLP analysis of the amplicon on line 74; 16 — amplicon produced by RT-PCR of RNA,
isolated from a strain of measles virus genotype D4; 177 — RFLP analysis of the amplicon on line 76; 18 — amplicon produced by RT-PCR
of RNA isolated from final series of vaccine mumps («Microgen»); 19 — amplicon produced by RT-PCR of RNA isolated from final series
of vaccine rubella («Microgeny).

HE TOJIbKO Ha 3Tarax MpPOM3BOJCTBA, HO M B TOTOBOM
(hopmMe BaKIMHBI.

[Tpumenenue mMogoOpaHHBIX MPaHMEpPOB Ui aM-
mnpukanuu pparMeHTa JUIMHOK 378 M.H. ¥ SHAOHY-
kieasbl pectpukiuu Ceil nossosnsier ommmuuth [TIBK
JI-16 ot LLIBK, ncnonps3yeMbIX Npu NPOrU3BOACTBE JIpY-
TUX BakIyH, ¢ nomoliibio [TJ[PD.

3akniouyeHuve

IIBK JI-16 nyis npou3BoAcTBa KOPEBOW BAKIIMHBI
IFCeHETUYECKHU CTa0WIICH Ha BCEX JTanax MpOU3BOJICTBA.
Bonee crnieunpuyHbIMU IS TOATBEPIKICHUS TIOJJINH-
HOCTH BAaKIMHHBIX IITAMMOB SBISIOTCS MOJEKYISP-
HO-TE€HETUYECKUE METOoAbl KOoHTpossi. Meton IIJ[PD
NIPUMEHUM U 7151 moATBepskaAeHus noguaHoctu [IIBK
JI-16 1 MOxeT OBITh MCIOJIHL30BaH HE TOJIHKO Ha CTa-
JIUSIX TIPOU3BOJICTBA BAaKIIMHBI, HO U B TOTOBOU (hopme
rpernapara — Kak B MOHO-, TAK U B KOMOMHUPOBaHHBIX
BaKI[MHAX.
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